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PREFACE

Dear participants of the Chemistry and Life 2008 con-
ference,

like three years ago, this year a special issue of the Che-
mické listy Journal with contributions presented at this 4th 
successive conference Chemistry and Life has been delivered 
to you again. Unlike the previous conference contributions, 
this year’s ones have been published electronically on a CD, 
which might be appreciated by many of you, dear partici-
pants. 

Since 1999 the conference Chemistry and Life has 
regularly been organized by Faculty of Chemistry of Brno 
University of Technology (BUT). It has become one of the 
most significant items in the field of science and research 
activities implemented by the faculty. Specialists have shown 
increasing interest in the conference and the present Orga-
nizing Committee has received almost 300 contributions 
that will be presented in 7 sessions. Besides the traditional 

attendance of Czech and Slovak chemists we also appreciate  
increasing number of contributing scientists and researchers 
from abroad. 

Fruitful cooperation with industry enables implementa-
tion of the conference in broad extent designed by the organi-
zers. The conference committees are pleased to offer accom-
panying social programme that might contribute to successful 
course of the conference. 

Dear participants of the 4th Chemistry and Life con-
ference, on behalf of both the Organizing and Scientific 
Committees I feel honoured to welcome you to the grounds of 
Faculty of Chemistry of BUT. At the same time let me express 
the hope that the conference outcomes will contribute to 
development of knowledge in various branches of chemistry. 

Assoc. Prof. Jaromír Havlica, Ph.D.
Dean of Faculty of Chemistry of BUT Brno
Chairman of the Scientific Committee of the Chemistry 
and Life 2008 conference

Explanatory note:
The contributions published in this journal supplement are numbered in accord with accepted abstracts. Based on the requ-

ests of some authors several full text contributions were not published in the journal even if they were presented in the form of 
either conference posters or lectures. Abstracts of all the conference contributions were published in the Book of Abstracts of 
the 4th Chemistry and Life 2008 conference that is available at the www.fch.vutbr.cz/chl_2008 website.
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1.	 Plenary	lectures

l01	 FunctIOnal	DaIry	PrODucts	
–	FrOM	traDItIOnal	tO	MODern	
BIOtecHnOlOGy

Irena rogeLj and Bojana Bogovič Matijašić
University of Ljubljana,Biotechnical faculty
Jamnikarjeva 101, 1000 Ljubljana, Slovenia
Irena.rogelj@bfro.uni-lj.si

Introduction
there are many aspects of functional food concept and 

as a consequence this term has no exact definition. it is usu-
ally described as “food which promotes health beyond provi-
ding basic nutrition”.

in order to establish a scientific basis to the new areas of 
functional foods, the European Functional Food Science Pro-
gramme (FUFoSE) was set up. the following definition was 
proposed1: »a food can be regarded as “functional” if it is 
satisfactorily demonstrated to affect beneficially one or more 
target functions in the body, beyond adequate nutritional ef-
fects, in a way that is relevant to either an improved state  
of health and well-being and/or reduction of risk of disease«. 
Some additional conditions were stressed as well: »Functi-
onal foods must remain foods, and they must demonstrate 
their effects in amounts that can normally be expected to be 
consumed in a diet. according to this definition a functional 
food can be2:

a natural food in which one of the components has been 
naturally enhanced through special growing conditions.
a food to which a component has been added to provide 
benefits 
a food from which a component has been removed so 
that the food has less adverse health effects.
a food in which the nature of one or more compo-
nents has been chemically modified in order to improve 
health.
a food in which the bioavailability of one or more com-
ponents has been increased to provide greater absorption 
of a beneficial component.
any combination of the preceding possibilities.

Dairy	Products	in	the	light	of	Functional	Food
Milk and dairy products have long been seen as a »heal-

thy food« and an essential component of a diet. Yoghurt is 
perhaps the most popular of all fermented milks. the belief in 
its beneficial influence on human health has existed in many 
civilizations over a long period of time. in ayurveda, one of 
the oldest medical sciences that date from around 2500 BC, 
the consumption of yoghurt has been recommended for the 
maintenance of overall well being3. in 76 BC the Roman his-
torian Plinius recommended the administration of fermented 
milk for treating the gastrointestinal (git) disturbances4. 
therefore, fermented milk could be regarded as nature’s ori-
ginal functional food. However, not earlier than nearly 2000 

•

•

•

•

•

•

years later man started to recognize the agents which convert 
milk to the sour milk - the Lactic acid Bacteria (LaB).

Whey, a co-product of cheese-making, was discovered 
about 3000 years ago. there are historical references about 
the use of whey as aphrodisiac and for medical purposes, 
including sepsis, wounds’ healing, and ‘stomach disease’5,6. 
Nowadays, sound scientific substantiation of the nutritional 
and biological qualities of whey components, notably the pro-
teins, is increasing and whey-based ingredients have become 
prominent representatives of the functional foods.

today we know that milk contains an array of bioac-
tive peptides and is rich in antioxidants, highly absorbable 
calcium, conjugated linoleic acid (CLa) and other biologi-
cally active components. Nutritional and genetic interventi-
ons to alter the milk composition for specific health and/or 
processing opportunities are gaining importance in dairy bio-
technology. Less fat in milk, altered fatty acid (Fa) profiles 
with less saturated Fa and more healthy Fa such as CLa, 
improved amino acid profiles, less lactose, and absence of 
β-lactoglobulin are some examples of milk »designing« 7,8. 
Furthermore, a wide range of products can be obtained from 
this nourishing liquid.

“the variety of functional foods that can be developed 
is limited by our imagination” wrote Spence9 who grouped 
functional foods in four types (table i). although dairy pro-
ducts can be found in each type, it has to be stressed that we 
may use the term “functional” only for products with proven 
health benefits.

Bioactive	components	of	Functional	Dairy	Products
Milk is a natural source of a variety of beneficial nutrients 

and biologically-active compounds with potential impacts  
on the human health. Designing and developing functionality 

table i
Different types of functional foods

 type Characteristics Example of
   dairy products
 Fortified increased content of  Products fortified
 products existing nutrients with Ca, vitamins
   or antioxidants (Q10)
  New nutrients or Products 
 enriched components added (not enriched with 
 products normally found pro-, pre-biotics
  in particular food
 altered Existing components Products with fat 
 products replaced or chemically replacers (fat free)
  modified Hydrolysed milk
    Milk with altered 
  Changes in the raw Fa profile (less 
 enhanced commodities that have saturated Fa, 
 commodities altered nutrient more omega-Fa 
  composition and CLa.
   Milk with higher 
   level of melatonin.
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in dairy products simply means modifying and/or enriching 
the healthy nature of the original base. in addition, progress 
in food processing and biotechnology offers new possibilities 
in creating foods with special characteristics and functiona-
lity. among the most prominent representatives of functional 
dairy products are certainly fermented products.

the health promoting effects of the fermented dairy 
foods may be related to the biological activity of the lac-
tic acid bacteria (LaB) used in the production of these  
products.

in theory, LaB can exert beneficial effects through two 
mechanisms: direct effects of the live microbial cells or indi-
rect effects via biogenics. the special type of bacteria asso-
ciated with ‘‘healthy’’ gastro intestinal tract (git) has been 
classified as ‘‘probiotic’’ bacteria. By Fao/WHo10 definition, 
probiotics are live microorganisms which, when ingested in 
adequate amounts, deliver measurable physiological benefits, 
which are usually strain specific. Biogenics are defined as 
food components derived from microbial activity which pro-
vide health benefits without involving intestinal microflora11. 
according to this definition the biogenics of fermented milk 
are the substances such as lactic acid, butyric acid, bioactive 

peptides, β-galactosidase, and exopolysaccharides produced 
by LaB during fermentation.

F u n c t i o n a l  C u l t u r e s
in the dairy biotechnology, the LaB are the most impor-

tant bacteria that lead all fermentations. LaB inhabit two 
main ecological niches: the mucous surfaces of man and ani-
mals, and fermented foods. the acidification and enzymatic 
processes accompanying the growth of LaB impart the key 
flavour, texture, and preservative qualities to a variety of fer-
mented foods. the LaB, notably lactobacilli, which occupy 
important niches such as the gastrointestinal tracts (git) are 
considered to contribute a number of probiotic benefits to 
general health and well being12 (table ii).

the search for a starter culture has until recently been 
relying on the screening of a large number of isolates in small-
scale food fermentations. Molecular biology has fostered the 
development of genetically based selection tools allowing 
us to specifically target the individual genes and metabolic 
pathways responsible for desired performance parameters of 
a starter culture. Specific targeting makes screening by high 
throughput methods possible, and it opens the possibility to 
use mutant selection and genetic engineering to construct 
novel starters. the engineering of recombinant starter cultu-
res by the aid of food grade techniques can now be done on 
a safety level matching or even exceeding the safety level of 
‘‘natural’’ screening and selection13,14,15.

Examples of novel strains obtained by the use of modern 
techniques are:

a spontaneous roseoflavin-resistant mutant derived from 
Propionibacterium freudenreichii B374 that shows 
increased riboflavin production and was used as adjunct 
culture for production of yoghurt with improved nutriti-
onal value16,
a non-D-lactate-producing variant of probiotic Lactoba-
cillus johnsonii La1, convenient for the patients suffering 
from short bowel syndrome and intestinal failures13.

Probiotic cultures production technologies should pro-
vide in a cost effective manner high quality, safe end-products 
with long shelf life. Working with living microbes is deman-
ding since viability losses occur easily if microbial cultures 
are exposed to stressful conditions. technological robustness 
can be improved by activating the stress genes of bacterial 
cells during processing by suitable sub- lethal treatments, or 
by genetically modifying the strain to make it more robust17.

B i o g e n i c s
During the milk fermentation by LaB the main che-

mical change is fermentation of lactose into lactic acid. the 
functional properties of lactic acid are numerous: it reduces 
pH, influences the physical properties of casein and promo-
tes digestibility, improves the utilisation of calcium and other 
minerals, and inhibits the growth of potentially harmful bac-
teria.

•

•

table ii
Health benefits of probiotic cultures

 Health benefit Mechanisms
  antimicrobial activity (organic acids, 
 Prevention/treatment hydrogen peroxide, bacteriocins)
 of git infections, Depletion and/or competition
 diarrhea for substrates
  occupation specific binding-sites
  Reduction of luminal pH
 improvement in Production of β-D-galactosidase
 lactose metabolism
  Binding of mutagens
 antimutagenic Reduction of faecal enzymatic activity
 properties (β-glucuronidase, azoreductaze, 
  nitroreductaze)
  Production of butyric acid
  Reduction of faecal enzymatic activity
  (β-glucuronidase, azoreductaze,
 anticarcinogenic nitroreductaze)
 activity Production of short chain fatty acid
  Normalization of intestinal permeability
  Strengthening of intestinal barrier
  Boosting of immune system
 Reduction in serum De-conjugation of bile salts
 cholesterol taken up cholesterol during growth
 Prevention/treatment of  Reduction of bacterial load
 Helicobacter pylori  inhibition of growth of H. pylori
 infection
 Stimulation of Directly or indirectly stimulation by
 immune system  changing the composition or activity 
  of intestinal microflora
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the liberation of short- and medium-chain free fatty 
acids during fermentation and in the stomach after milk fat 
ingestion, contributes to a lowering of the pH which facili-
tate digestion of proteins and inhibit the pathogenic bacteria.  
in addition, the fatty acids and monoglycerides with chain 
lengths varying from 8 to 12 carbon atoms display antibac-
terial and antiviral activity18. Recent studies confirmed the 
potential of these Fas to reduce body weight, particularly 
body fat19. Butyric acid formed during fermentation in milk 
or in the colon, affects intestinal cell differentiation, apop-
tosis and cell growth control. it is also known that butyrate 
displays anti-colorectal cancer properties, probably by enhan-
cing apoptosis of mutant colonic cells20.

Much attention has been directed toward conjugated 
linoleic acid (CLa) since the discovery of its anticarcinoge-
nic properties. Strong evidence from animal trials supports 
an influence of CLa on body composition, i.e. lowering of 
body weight and fat mass and a relative increase in the lean 
body mass. Results from human trials do not support a weight 
loss-inducing effect of CLa but indicate a body fat lowering 
effect associated with an increase in the lean body mass21. 
Cows’ milk fat is the richest natural source of CLa and its 
quantity can be raised by cow’s nutrition. Possibilities to 
increase the CLa content of dairy products with microbial 
cultures have been studied by many authors however, their 
contribution in increasing CLa in dairy products seems to 
be minor22. Enrichment of dairy products with encapsulated 
CLa seems more perspective way for producing CLa rich 
dairy products23.

Many LaBs are known to produce exocellular polysac-
charides or EPSs. their precise function still remains unclear, 
although it is considered to be related to cell adhesion and cell 
protection in different ecosystems. LaB that produce EPSs 
play an important role in dairy industry because of their con-
tribution to the texture, mouthfeel and stability of fermented 
milk. Besides their technological functionality, certain EPSs 
produced by LaB are also claimed to have beneficial phys-
iological effects. it is speculated that the increased viscosity 
caused by EPSs may increase the residence time of ingested 
fermented milk in the git and in this way also enable transi-
ent colonisation of probiotic bacteria. Because of the special 
composition and low degradability, EPSs can act as prebiotics 
and thus beneficially affect the host by selectively stimulating 
the growth and activity of beneficial intestinal bacteria in the 
colon. Suggested health benefits of some EPSs are antitumor, 
antiulcer, immunomodulating and cholesterol-lowering acti-
vities24,25,26.

Probably the most important as well as thoroughly 
studied biogenics in dairy products are whey proteins and 
bioactive peptides. Whey proteins have been implicated in 
a variety of nutritional and physiological effects, including 
physical performance, recovery after exercise, and preven-
tion of muscular atrophy, satiety and weight management, 
cardiovascular health, anti-cancer effects, wound care and 
repair, management of infections, infant nutrition and heal-
thy aging6.

Milk proteins are rich source of bioactive peptides. Milk 
proteins-derived bioactive peptides are inactive as long as are 
a part of parent protein and can be released by enzymatic 
proteolysis. once they are liberated, bioactive peptides may 
act in the body as regulatory compounds (table iii). Many of 
bioactive peptides demonstrate multifunctional activity. For 
example, some regions in the β-casein contain overlapping 
peptide sequences which exert different biological effects. 
these regions are called “strategic zones” and are partially 
protected from proteolytic breakdown27,28,29.

Functional	Dairy	Products	and	Health	
H y p e r t e n s i o n

High blood pressure is one of the most important risk 
factors of coronary heart disease. Studies have shown that 
during fermentation of milk aCE-inhibitory peptides arise 
from caseins29. the best known aCE-inhibitory peptides are 
val-Pro-Pro (vPP) and ile-Pro-Pro (iPP). at present, at least 
two fermented sour-milk products containing the aCE-inhi-
bitory three-peptides vPP and iPP have been launched com-
mercially. the japanese product ‘‘Calpis’’ fermented by L. 
helveticus and Saccharomyces cerevisiae contains two aCE-
inhibitory peptides derived from β-casein f84-86 (vPP) and 
f74-76 (iPP) and one from κ-casein f108-110 (iPP)30. the 
Finnish product ‘‘Evolus’’ contains the same three-peptides 
produced by L. helveticus LBK-16H strain. Both of these fer-
mented drinks have proven effects in the reduction of blood 
pressure in hypertensive human subjects29.

g a s t r o i n t e s t i n a l  H e a l t h  a n d 
g e n e r a l  W e l l - B e i n g

the intestinal microflora is important for maintenance 
of host health, providing energy, nutrients and protection 
against pathogens. although the colonic microflora is relati-
vely stable throughout life, age-related changes in the git as 
well as changes in diet and host immune system reactivity af-
fect population composition31. Since the LaB are essential in 

table iii
Physiological functionality of milk-derived bioactive  
peptides29

 activity target system
 antihypertensive
 antioxidative CaRDiovaSCULaR
 antithrombotic SYStEM
 Hypocholesterolemic
 opioid
 • agonist activity NERvoUS SYStEM
 • antagonist activity
 Mineral-binding gaStRoiNtEStiNaL
 anti-appetizing SYStEM
 antimicrobial
 antimicrobial
 immunomodulatory iMMUNE SYStEM
 Cytomodulatory
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the maintenance of intestinal homeostasis and consequently 
in general human health, functional fermented dairy produ-
cts have been proposed as healthy foods to control intesti-
nal disorders. the results of an extensive research work 
have confirmed their beneficial effect in the case of lactose 
intolerance, git infections, viral diarrhoea, antibiotic-asso-
ciated diarrhoea, in prevention and treatment of traveller’s 
diarrhoea and Heliobacter pylori gastritis. Less consistent 
results have been obtained studying the effects of functional 
dairy products on the side effects of radiotherapy, constipation  
and in cancer prevention32.

L a c t o s e  i n t o l e r a n c e
the most documented beneficial effect of fermented 

milks, especially yoghurt, on the intestinal function is obser-
ved in the case of lactose intolerance33,34. Lactose intolerance 
is caused by a deficiency in the enzyme beta-galactosidase, 
resulting in the inability to digest the disaccharide, lactose. 
the symptoms of lactose intolerance are diarrhoea, flatulence 
and abdominal pain after consumption of milk. the mecha-
nisms involved in the beneficial effects of LaB and fer-
mented milks in case of lactose intolerance are: lower lactose 
concentration in the fermented milk, high lactase activity of 
LaB used as starter cultures and active lactase present in fer-
mented milk or entering the small intestine within the bacte-
rial cells able to survive gastric and bile conditions.

D i a r r h e a
one of the main applications of probiotics has been the 

treatment and prevention of antibiotic-associated diarrhoea, 
which is often caused by occurrence of Clostridium difficile 
after an antibiotic treatment. the application of probiotics in 
the clinical setting significantly reduced antibiotic-associated 
diarrhoea by 52 %, reduced the risk of travellers’ diarrhoea 
by 8 % and that of acute diarrhoea of diverse causes by 34 %. 
Moreover, the associated risk of acute diarrhoea among chil-
dren or adults was reduced by 57 % and 26 %, respectively35. 
Several possible mechanisms by which fermented dairy foods 
containing probiotics or cultures containing milks reduce the 
duration of diarrhoea, are competitive exclusion, transloca-
tion/barrier effect and improved immune response34.

conclusions
Development of functional dairy products requires 

various groups of experts including medical experts, nutri-
tionists, microbiologists and food technologists. By using an 
individual’s unique genetic makeup and nutritional require-
ments, consumers may have in the future a greater possibility 
to choose between different functional dairy food products 
and to consequently reduce their risk of disease.
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l02	 alKalI-actIVateD	aluMInOsIlIcates:	
Past,	Present	anD	Future

PaveL KrIvenKo
V. D. Glukhovsky State Scientific Research Institute for Bin-
ders and Materials, Kiev National University of Civil Engi-
neering and Architecture, Vozdukhoflotsky prospect, 31, Kiev, 
03037, Ukraine,
pavlo.kryvenko@gmail.com 

Introduction
Beginning from 1957, a scientific school in Kiev, USSR, 

headed by Professor victor glukhovsky has been developing 
a new direction in the binding materials, the background of 
which was the discovery of binding properties of the alkali 
metals. the alkali metals compounds act not only as acti-
vators of hardening but are responsible for the formation 
of main structural elements of the alkali-activated cements 
– zeolite-like compounds of different types.

just these hydration products, analogues to natural zeo-
lites of the Na2О(K2О) . al2О3 . (2-4)SіО2

. 2Н2О type, have 
been discovered in ancient concretes (ancient greece, anci-
ent Rome, Egypt, Syria). Durability of the ancient concretes 
and similarity of their structure with that of the alkali- acti-
vated cement concretes allowed to predict their high dura-
bility. Effectiveness and high performance properties of the 
alkali-activated cement concretes are supported by over 50-
year experience of service of the structures made from them.

theoretical	Background
Less than a century ago just an idea of the presence of 

free alkalis in a cement composition was treated by cement 
people as absurd one and this was a basic postulate of fun-
damentals of exhibiting hydraulic by mineral systems. the 
alkali metal compounds were excluded from the traditional 
hydraulic cements because of their high solubility.

at the same time, the studies held to reveal the reasons 
for excellent durability of ancient cements in combination 
with the data collected on stability and composition of natu-
ral mineral formations testified that this postulate was not 
correct.

in 1957 the scientist from the Soviet Union victor gluk-
hovsky has discovered that compounds of alkali metals (Li, 
Na, K, Rb, Cs) – the elements of the first group of the Peri-
odic table, exhibit hydraulic binding properties similar to 
compounds of the alkali earth metals (Mg, Ca, Sr, Ba)- the 
elements of the second group.

thus, an idea of creation of the cementitious systems 
was transformed as the following:

the idea itself of using these systems as cementitious 
ones was based, first of all, on geological data that sodium- 
potassium- calcium aluminosilicate compounds, which are 
known to have the higher stability and resistance to atmos-
pheric reagents, are present in the Earth. Secondly, this idea 
was based on the results of experimental studies, which pro-
ved that alkali hydroxides and salts of alkali metals came 
into interaction with clay minerals, aluminosilicate glasses 
and crystalline substances of natural and artificial origin with 
the formation of water resistant alkaline and alkaline- alkali- 
earth aluminosilicate hydration products analogous to natural 
minerals of the zeolite and mica types.

terminology
the established possibility of modelling the processes 

taking place in the Earth’s crust based on an interaction 
between the decay products of rock-forming minerals: clays 
and alkalis, followed by synthesis of these minerals, sug-
gested using natural soils as starting materials for producing 
a binder. this explains why the binders/cementitious materi-
als/ developed as long ago as in 1957 have been called “soil 
cements” and the concretes “soil silicates”1.

the alkaline and alkali-earth hydroaluminosilicates ana-
logous to natural minerals (hydronepheline, analcime, natro-
lite, thompsonite, hydrosodalite, etc.) are formed in the soil 
cement stone during the process of hardening along with cal-
cium hydrosilicates and carbonates.

the soil silicates contain alkalis in large amounts  
(1–20 % wt. calculated on R2o). just the alkaline oxides are 
the components which determine their binding properties. 
the alkali earth oxides are either absent in them (fly ashes, 
cakes, clays, field spur minerals) or are present in the alu-
minosilicate component (cakes, fly ashes, slags) or may be 
introduced from the outside as the components of the traditio-
nal binding materials (lime, Roman-, Portland-, slag Portland 
or high alumina cements).

in 1973, Professor j. Davidovits was granted his first 
patents for the geopolymers2. the technology for manufactu-
ring these cements included the following steps: mixing kao-
linite, lime stone, dolomite; burning of a mix and introduction 
of alkaline compound solutions. During these processes, the 
kaolinite converts to the metakaolinite (al2o3

. 2Sio2), gaining 
the pozzolanic properties, while calcium and magnesium car-
bonates form calcium and magnesium oxides. Being added 
to a cement mix, silica or soda or its mixture with potash 
incorporated with a mixing water produce sodium and potas-
sium hydroxides. the last initiates a chemical reaction with 

 Cao – Sio2  Cao – Sio2 – H2o

  } + H2o →

 Cao – al2o3  Cao – al2o3 – H2o

“old scheme” (ordinary Portland cement, high-alumina cement)

	 al2o3 – Sio2  r2o – al2o3 – Sio2 – H2o

  } + r2o + H2o →

 ro – al2o3 – Sio2 ro – r2o – al2o3 – Sio2 – H2o

“New scheme” (alkali- activated cement)
where R – Na, K, Li, Rb, Cs
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polysilicate and aluminosilicate oxides with the formation in 
a composition of the hydration products, represented by anal-
cime and hydrosodalite. Some of these products are known as 
commercial products (trade names: Pyrament, geopolycem, 
geopolymite, etc.). the cements of this type are known in the 
art under a general name “geopolymers”.

the alkali-activated cements are known among cement 
people also under other names: alkali-activated cements3 
SKj-binder4, F-cement5, gypsum-free Portland cement6, geo-
cements7.

Classification
the classification proposed by8 is based on the characte-

ristic features of the products of hydration and hardening of the 
alkali-activated cements, the “edge” variants of which may be 
represented by the compounds of two types: the alkaline hyd-
rosluminosilicates of the system R2o  –  al2o3  –  Sio2  –  H2o 
and the earth hydrosilicates.

a variety of blended alkaline-alkali-earth hydroalumino-
silicates may exist within these “edge” variants. a phase 
composition of the hydration products of the cement stone is 
determined by a kind of the initial raw material (table i).

Principles	of	compositional	Build-up	of	the	alkali-acti-
vated	cements

the following postulates have been laid down in their 
creation:

alkalis act not only as activators but as structure- for-
ming elements included into the formed phases as well; 
the formed phases (of hydration products) 
are characteristic of the presence of new for-
mations of the R2o–al2o3  –  Sio2  –  H2o and 
r2o  –  Cao  –  al2o3  –  Sio2  –  H2o types;
the quantities of alkalis to be introduced are caused by 
a necessity to meet a stoichiometric composition /sto-
ichiometry requirement/ of the alkaline and alkaline-
alkali-earth hydroaluminosilicates analogous to natural 
zeolites.

in compliance with these principles the alkali content 
in the cement will be determined by an al2o3 content of the 
aluminosilicate component (Fig. 1.). 

the introduction into a cement composition of the 
alkali metal compounds in much larger quantities than was 
permitted in compliance with the principles of compositio-
nal build-up of the traditional cements based on calcium and 
magnesium compounds suggested to consider that the alkali 
metal compounds not only act as activators of hardening 
but as self-functioning components of the binding system 
Me2o  –  Meo  –  Me2o3  –  Sio2  –  H2o, the main structure-for-
ming products of which are low-basic calcium hydrosilicates 
and zeolite-like products. a low basicity of the hydration pro-
ducts is caused by specific features of the structure-forming 
processes taking place in the slag alkali- activated cements, 
namely: a hydrolytic destruction of the solid phase of the low-
basic phases is caused, first of all, by the break of the covalent 

•

•

•

table i
Mineralogical composition of the cement hydration products 
vs type of initial aluminosilicate component

 Cement initial soild alkali Hydration
 type phase content product
   r2o [%]

 oPC oPC < 0.6 
  clincker

 alkali- oPC 
 activated clinker + R2o

 1–5
 oPC

 alkali- oPC clinker +
 activated additive (slag, 2–5
 blended ash, basalt) +
 oPC Me2o

 Slag alkali- Metallurgical 
 activated slag + r2o

 4–8
 cement

 ash alkali- ash – product 
 activated of coal 5–10
 cement combustion

 geocement Clay + R2o 10–20

Fig. 1.	 comparative	 chemical	 analysis	 of	 different	 types	 of	
OPc	and	alkali-activated	cements.	abbreviations:	OPc	–	ordi-
nary	Portland	cement;	aOPc	–	alkali-activated	ordinary	Port-
land	 cement;	 sac	 –	 slag	 alkali-activated	 cement;	 Fac	 –	 ash	
alkali-activated	cement;	Gc	–	geocement
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bonds Si  –  o  –  Si, Me3+–  o  –  Me3+, Si  –  o  –  Me3+ accor-
ding to a scheme ≡  Si  –  o  –  Si  ≡ ↔ [≡  Si  –  o  –  Si  ≡]– ↔  
≡  Si  –  oH + ≡  Si  –  o  – with protonization of the ion Me2+–  o 
bonds taking place in parallel, as it is known to happen in the 
high-basic systems9.

 an alkaline cation that provides the flow of the hydro-
lytic destruction of the low-active low-basic phases, acts at 
early stages of structure formation as a catalyst of destruction. 
then, as soon as the condensation processes evolve, it takes 
an active part as a co-partner of the Ca2+ and Mg2+ in the 
structure formation processes. this facilitates its modification 
due to the formation of the alkaline and alkaline-alkali-earth 
hydroaluminosilicates that are morphologically homogene-
ous to low-basic calcium-magnesium hydrosilicate phases.

at early stages of hydration and hardening (for example, 
of the slag alkali-activated cements), the structure formation 
is caused, chiefly, by the formation and crystallization of the 
low- basic hydrosilicates and hydrogarnets. the alkaline and 
alkali-earth hydro-aluminosilicates, as a result of their slower 
crystallization, occur at the later stages. Being formed, chie-
fly, in the pore space, they fill it and promote strong crystalli-
zation contacts with primary phases to occur, as well as initi-
ate the formation of more homogeneous and dense structure.

Besides, high pH-values of the medium at which the 
hydration process takes place block a transfer of the Ca-ions 
into the solution, thus explaining the absence of Ca(oH)2 and 
the fact that the resulted calcium hydrosilicate has, as a rule, 
a basicity over 1.

Durability
Specific features of the mechanism of hydration and 

hardening of the alkali-activated cement determine formation 
of the more effective microstructure of the cement stone at 
different levels as compared with the Portland cement stone 
(Fig. 2.). this is also clearly seen from comparison of the 
data on solubility of new hydration products of the alkali-
activated and Portland cement stone (table ii).

Industrial	uses
the experience from the small and large scale industrial 

uses of the alkali-activated cements gained starting the 1960s 
in construction (hydropower engineering, road, agricultural, 
industrial, civil engineering, mining, etc.) gave proofs to high 
performance properties of the concretes on them. the use of 
the alkali-activated cement-based materials was found to be 
especially effective one for specially intended use in many 
fields besides construction11.

Below are given some fields of the manufacture and use 
of the alkali-activated aluminosilicates (table iii).
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 New formations Solubility

 Mineral Stoichiometric formula [kg m–3]

 CSH(B) 5Cao Sio2 nH2o 0.05
 Xonotlite 6Cao 6Sio2 H2o 0.035
 Riversideite 5Cao 6Sio2 3H2o 0.05
 Plombierite 5Cao 6Sio2 10.5H2o 0.05
 gyrolite 2Cao 3Sio2 2.5H2o 0.051
 Calcite CaCo3 0.014
 Hydrogarnet 3Cao al2o3 1.5Sio3 3H2o 0.02
 Na-Ca hydrosilicate (Na,Ca) Sio4 nH2o 0.050
 thomsonite (Na,Ca) Si2o3 al2o3 6H2o 0.05
 Hydronepheline na2o al2o3 2Sio2 2H2o 0.02
 Natrolite na2o al2o3 3Sio2 2H2o 0.020
 analcime na2o al2o3 4Sio2 2H2o 0.02
 Calcium hydroxide Ca(oH)2 1.3
 C2SH2 2Cao Sio2 nH2o 1.4
 CSH(B) 5Cao 6Sio2 nH2o 0.05
 tetra calcium 

4Cao al2o3 13H2o 1.08 hydroaluminate 
 tricalcium 

3Cao al2o3 6H2o 0.56 hydroaluminate 
 Hydrosulpho- 

3Cao al2o3 3CaSo4 31H2o high aluminate

table ii
Comparative data on solubility of new formations of the slag 
alkali-activated and portland cement stones.

Fig. 2.	 Dependence	 between	 phase	 compositions	 of	 the	 hyd-
ration	 products,	 their	 structure	 and	 durability	 of	 the	 cement	
stone
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over 45 years passed since the alkali-activated cements 
appeared in the field and their efficiency and potential have 
been proved by extensive researches held not only in the 
Soviet Union but in many countries over the world: Poland, 
Finland, the Netherlands, germany, Czech Republic, Roma-
nia, Slovak Republic, Bulgaria, japan, China, USa, Canada, 
india, Brazil, Spain, the UK. the experience collected for this 
period of commercial- scale manufacture and use of structures 
and articles made from slag alkali-activated cement concrete 
in various fields of construction testifies to their higher ser-
vice properties as compared with those of Portland cement. 
these materials were found to be the most highly effective 
ones when used in extremely severe conditions as well as in 
non-civil engineering fields (Fig. 3.).

More than 50 years practical experience of the Kiev 
school is connected with a tECHNoLogY under which the 
alkaline activator was introduced into a concrete in a form of 
aqueous solution, namely:

“Concrete” – an aluminosilicate component, an alkaline 
activator and modifying additives are introduced in a dry 
form or in a form of a solution during mixing concrete 
ingredients similar to conventional concrete techno-
logy.
“Cement” – an aluminosilicate component, an alkaline 
activator and modifying additives are interground for 
further use in concrete under traditional oPC based con-
crete technology (Fig. 4.).

standard	test	Procedures	
Determination of mechanical and physical properties of 

alkali- activated cements is carried out according to DStU B 
v 2.7-24-95 and aStM C 109/C 109M. according to these 
standards a water to cement ratio (W/C) is chosen in order to 
provide a flow value (cone measurement)  =  106–115 mm.

in case of using these test methods according to EN 
standards (EN 196-1, 196-3, and 196-6, under which the  

•

•

table iii
Some examples of practical uses of the alkali- activated aluminosilicates

   Heavy-duty road

 2007
  pavements, access roads

   and storage sites of
   chemical plants
 2000  inorganic adhesives and glues, protective coatings against action of corrosive environments and high temperatures

        Compounds for
     articles and structures 

High-rice building
  radioactive waste

 1990    from acid resistant 
from precast and

  immobilization
     concretes 

cast-in-situ
  Bodies of precise

      
concrete

  machine tools
     Floors, landings Blocks for buildings,
 1985    from cast-in-situ garages, storage  Dies, moulds
     concretes houses, etc.
     articles and  Floor slabs, foundation 

oil well mortars
 Linings of MD-

 1980    structures from hest wall blocks, 
and grouts

 pumps for
     resistant concrete foundation blocks, piles  aluminium melts
 

1975
  Road bases from

   strengthened soils
   

Pavements from
 Pasture sites, storage Foundation blocks,  

  
tubings of anti- cast-in-situ concrete

 sites for fertilizers, floor slabs, columns,  
Reinforced pit

 1970 
slide systems and precast reinforced

 silo pits from  beams, foundation   
props, sleepers

   
concrete slabs

 cast-in-situ and wall blocks, elements
    precast concrete of cleaning-up systems
  Sea breakwaters,
  elements of 

Pedestrian way
  irrigation 

slabs, edges of
 1960 systems from 

pavement, landing
  cast-in-situ and 

field slabs
  precast pre-
  stressed concrete
  Hydraulic	 road	 agricultural	 Industrial	 residential	 Mining
        non-
	 	 	 	 	 constructional	engineering	 	 	 constructional
	 	 	 	 	 	 	 	 engineering
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W/C is restricted to a value of 0.5) the following amendments 
should be introduced: in determination of flowability of the 
cement/sand mortar the alkaline solution/solid constituents or 
water/solid constituents ratio should be chosen experimen-
tally in such a way that to provide the flow values between 
160–180 mm.

conclusions	
at the moment Ukraine has all normative documenta-

tion required for a large-scale application of the alkali-acti-
vated cements and materials.

in order to bring this technology into large-scale world-
wide application, the RiLEM technical Committee orga-
nized in 2007 “alkali activated materials” should fulfil the 
following tasks: 

to	collect	and	summarize	the	experience	on: 
raw materials
cements
concretes
structures
production
test procedures
durability
field of application

to	 develop	 basic	 recommendations	 “Preparation	
of a performance-based  specification  for  cast-in-place 
alkali-activated	cements	and	concretes”.

the results of this work will allow to develop and 
approve the national standards for the alkali-activated mate-
rials.
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Fig. 3.  Benefits of the alkali-activated cements as compared to 
Portland	cements

Fig. 4.	 “cement”	 technology	 of	 slag	 alkali-activated	 cement	
manufacture.	1	–	blending	bed	for	slag,	2	–	blending	bed	for	clin-
ker,	3	–	dust	collector,	4	–	belt	conveyer,	5	–	vertical	roller	mill,	
6 – fabric filter, 7 – metering equipment for water repellent, 8 
–	heat	generator	for	drying,	9	–	elevator,	10	–	silos	for	cement	
constituents,	11	–	bunker	for	additives	and	alkaline	activator,	12	
–	mixer	for	dry	cement	constituents,	13	–	ready	product	storage	
silo,	14	–	packer	for	bags,	15	–	palletizer	agent
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Introduction
Rivers are sensitive but also complex ecosystems hos-

ting a wide spectrum of organisms. anthropogenic activities 
and the resulting discharge of contaminants have resulted in 
increasing river pollution over decades. Especially, in indu-
strialized, densely populated or agricultural strongly affected 
regions the natural riverine organic matter is superimposed 
by huge anthropogenic emissions.

organic contaminants discharged to the aquatic environ-
ment exhibit a high diversity with respect to their molecu-
lar structures and the resulting physico-chemical properties. 
although the chemical analysis of anthropogenic contamina-
tion in river systems is still an important feature, especially 
with respect to the identification and structure elucidation of 
novel contaminants, the focus of environmental studies has 
changed. in recent times the research on the environmental 
behaviour of organic pollutants became more and more impor-
tant in order to assess their risk as a result of their emission to 
natural systems. Consequently, the knowledge not only about 
the occurrence and amount of anthropogenic contaminants 
but also about bioavailability, their exchange within different 
compartments, as well as on molecular aspects of degrada-
tion or metabolism processes increases significantly. Further 
on, environmental studies on the anthropogenic pollution of 
aquatic systems do not remain on the analysis of pre-selected 
substances. Considering the currently use of over 1,000,000 
man-made chemicals in the EU it has to be assumed, that 
analytical investigations on environmental systems solely 
focussed on a few pollutants still do not depict the ‘real’ pol-
lution level. therefore, the number of more extensive and 
detailed investigations considering a wide spectra of rele-
vant organic pollutants increases slowly. Such investigations 
reveal a more comprehensive view on the state of pollution 
of a natural system1. For all the described purposes, a com-
plementary application of different analytical strategies and 
methods have to be applied to reveal a better understanding 
of environmental processes affecting the riverine pollution 
by organic substances. Examples of such approaches are pre-
sented following.

river	water
Within river systems two quite differing compartments 

exist, the particulate matter as well as the water phase, repre-
senting a hydrophilic and a more lipophilic phase, respecti-
vely. Most of the organic substances accumulate either 

in the water phase or in the sediments depending on their 
polarity and the resulting hydro- or liphophilicity. this par-
tition also determines the principal transport processes and, 
consequently, the distribution of the organic contaminants. 
the water phase of riverine systems is characterized by more 
polar and frequently less stable contaminants.

N o n - t a r g e t  S c r e e n i n g
a huge proportion of riverine contamination is caused 

by low-molecular weight organic compounds, like pesticides 
plasticizers, pharmaceuticals, personal care products, tech-
nical additives etc. Some of them, like PCB or PaH have 
already been investigated thoroughly and, consequently, their 
behaviour in aqueous systems is very well described. Since 
analyses on organic substances in river water traditionally 
focused on selected pollutants, in particular on common prio-
rity pollutants which are monitored routinely, the occurrence 
of further contaminants, e.g. pharmaceuticals, personal care 
products or chelating agents has received increasing attention 
within the last decade. Screening analyses revealed recently 
an enormous diversity of low-molecular weight organic con-
taminants in wastewater effluents and river water.2–5. Since 
many of these substances have been rarely noticed so far, it 
will be an important task for the future to study their occur-
rence and fate in natural environments.

an outstanding example for an early screening study 
dated back to the 70’ies. Sheldon and Hites published detai-
led gC-MS based analyses applied to water samples from 
the Delaware river6. this study presents more than 100 orga-
nic river water constituents. a similar approach was used by 
Franke et al.2 in order to investigate the organic pollution 
of the Elbe river. Contributions of several tributaries were 
characterized by indicative organic compounds derived from 
industrial, municipal or agricultural sources. additionally 
screening analyses were applied to sewage effluents as a 
major anthropogenic contribution to the riverine environ-
ment3. all these approaches revealed a high number of orga-
nic contaminants and lead to the structure elucidation and 
identification of numerous still unknown or unreported orga-
nic contaminants.

Fig. 1.  NBBS  in  the  longitudinal  profile  of  the  Lippe  river 
(according	to	ref.7)
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therefore, it should be a main issue of environmental 
studies to provide a comprehensive view on the state of pol-
lution of river water, in particular with respect to lipophilic 
low molecular weight organic contaminants. Such non-tar-
get-screening analyses has been performed only rarely in the 
past.

Screening analyses on longitudinal section of the rivers 
Rhine and Lippe (germany) revealed complex pattern of 
anthropogenic contaminants comprising a lot of still unno-
ticed pollutants (e.g. N-butylbenzenesufonamide NNBS, see 
Fig. 1.) or still unidentified compounds such as brominated 
aromatics as depicted in Fig. 2.

these investigations demonstrated the need to expand 
our analytical focus on a broader spectrum of organic con-
taminants, because such comprehensive investigations can 
build up an adapted base for advanced monitoring studies.

P o i n t  v s  N o n - P o i n t  S o u r c e s
High attention has been given to non-point and multi-

ple source emissions especially to agricultural contamination 
(e.g. pesticides) and to sewage effluents derived from treat-
ment plants. the contamination by these sources is charac-
terized by a widespread distribution of environmental stable 
compounds. However, the emission of point sources like 
industrial effluents exhibit frequently higher concentration 
of contaminants and a more complex mixture of substances. 
Nevertheless, these contaminations are normally restricted 
to a local importance. therefore, source point emission are 
frequently underestimated or neglected, although they can 
have dramatical impact on river sections.

investigations performed on industrial emissions con-
taminating river systems revealed significant contributions 
of harmful substances. these compounds exhibit frequently 
molecular structural moieties of high environmental rele-

vance or interest like halogen substitution or aromatic parts 
see (Fig. 3.). Most of these compounds occurred with ele-
vated concentrations and corresponding loads (examples see 
table i) at the outflow from the industrial sites representing a 
high environmental impact on the connected river system.

riverine	Particulate	Matter
River water phase includes the suspended particulate 

matter representing an aerobic environment, whereas the 
sedimentary compartment is mainly more anaerobic. the-
refore, particle associated pollutants underly quite different 
degradation pathways as the result of different microbial 
communities.

a n t h r o p o g e n i c  M a r k e r
in addition to pollutants, characterized by harmful 

ecotoxicological or toxicological effects, further anthropo-
genic contaminants were analysed frequently, the so-called 
‚anthropogenic markers‘. an impressive review on the eva-
luation and use of anthropogenic marker compounds has 
been published9.

these substances are useful to reflect anthropogenic 
emissions to natural systems especially in terms of source 
specificity. anthropogenic marker compounds are both natu-
ral substances derived from human feces or urine and xeno-
biotics. apart from information on the emission sources they 
also provide information on transport pathways and fate of 
anthropogenic contaminants.

this approach has been applied e.g. to sediment samples 
from the Lippe river in order to point out the general conta-
mination situation of this riverine system (Kronimus et al. 
2005). it was able to differentiate individual industrial emis-
sion sources from agricultural and municipal contamination 
as depicted in Fig. 4.

g e o c h r o n o l o g y
During flood events riverine particulate matter can be 

deposited on flood plains and riparian wetlands. accordingly 
these areas can act as ecological archives in case of undistur-
bed and periodical sedimentation. the dating of these sedi-
ment deposits can be performed by gamma spectrometric 
analysis of the radio-nuclides 210Pb and 137Cs. organic geo-

Figure  2:  Brominated  contmainants  identified  in Rhine water 
(according	to	ref.8)

table i
Specific compounds in two different types of industrial efflu-
ents and their emission rate

 industry Compound Load at outflow
   [g d–1]
 Petrochemical triphenylphosphine oxide > 10
 industry
  Phenylmethylsulfone ca 0.5
 Chemical 2,6-Dithiohexane ca. 20
 industry
  Dichlorobenzenes ca. 5
  trichorobenzoic acid ca. 3
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chemical investigations on anthropogenic contaminants in 
these dated layers allow a detailed description of the emis-
sion of organic contaminants into the corresponding riverine 
system11. However, this approach is restricted to substances, 
which are characterized by a sufficient environmental stabi-
lity and immobility in the particulate phase.

an example was published for the Lipper river system 
revealing interesting insights into different time periods of 
contamination and of technical application of additives. 
important emission periods are reflected by the geochrnoli-
gical profiles as presenetd in Fig. 5.

carbon	stable	Isotopes
Compound specific carbon isotope analyses are incre-

asingly applied in environmental studies. investigations the 
aquatic environment focused mainly on polycyclic aromatic 
hydrocarbons, monoaromatic compounds and halogenated 
aliphatics.13–16 Further on, laboratory studies investigated 
the isotopic fractionation as a result of environmental pro-
cesses, in particular transport and transformation processes 
(e.g. vaporization, adsorption, abiotic and biotic degradation) 
.17–20 Carbon isotope ratios are not only useful data for eva-
luating the environmental fate of organic pollutants but also 
for distinguishing different emission sources discharging the 
same contaminants.

interestingly, all applications reported so far avoid the 
two major limitations of compound-specific isotope analyses: 
(i) the lower sensitivity as compared to traditional gC/MS 

analyses and (ii) the requirement of complete gas chroma-
tographic separation of the contaminants. on the contrary, 
natural river systems are mostly low or moderately contami-
nated and, accordingly, concentrations of individual contami-
nants are also low. Consequently, information on the isotopic 
characterization of contaminants existing in these water sys-
tems are highly restricted.

However, studies dealing with carbon stable isotope 
values of organic contaminants in Rhine river and Lippe 
river water samples allowed interesting insights into the 
environmental fate of selected plasticizers, technical additi-
ves and musk fragrances21,22 (Kronimus and Schwarzbauer, 
Schwarzbauer.as examplified in Fig. 6.

Perspectives
this short overview on recent research activities in the 

field of riverine organic pollution shall demonstrate the need 
to broaden the spectra of analytical approaches and strategies 
in order to meet the challenge to obtain the most detailed and 
most precious view on the anthropogenic impact on the aqua-
tic environment. Such approaches comprise as described non-
target screening, consideration all type of emission source 
(point/non-point), geochronology, stable isotope analyses as 

Fig. 4.  Emission  situatiuon  at  the Lippe  river  as  reflected by 
anthropogenic	marker	(according	to	ref.10)

Fig. 5.  Geochronological profiles of selected pollutants in a core 
from	riparian	wetlands	of	the	lippe	river	(according	to	ref.12)

Fig. 6.	 carbon	 stable	 isotope	 values	 of	 selected	 pollutants	 in	
rhine	river	water	(according	to	ref21)



Chem. Listy, 102, s265–s1311 (2008) Plenary Lectures

s281

well as anthropogenic markers. additionally, also non-menti-
oned topics like the bound fraction of pollutants immobilised 
in particulate matter or the contamination by polymers open 
new insights and expand our knowledge on riverine contami-
nations and pollutant pathways in rivers. 
Noteworthy, major parts of this outline have been recently 
published more comprehensively as well as in more detail1.
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jana HajšLová, jaKUB SCHůREK and MaRK 
LiBaRDoNi
Leco Corporation, Apllication Laboratory Prague, Sokolov-
ská 219, Pratur 9-Vysočany, 190 00 
Tomas.kovalczuk@leco.cz

Introduction
the demands on the analysis of organic contaminants’ 

residues have been increasing recently, taking into account 
the number of compounds analysed in a single run, number 
of matrices handled within one method, requirements on de-
tection limits as well as requirements on the analysis speed. 
accordingly, considerable progress in both sample prepa-
ration techniques and in the instrumentation has been done 
recently. as for the instrumental part, gas chromatography 
still remains a widely used separation technique in such resi-
due analysis, thanks to its high separation potential and wide 
range of applicability. Mass spectrometry is becoming to be 
used more as primary detection technique in gC, instead of 
being a confirmatory tool only.

time-of-flight mass spectrometry offers several impor-
tant benefits over conventional (scanning) MS detectors: (i) 
With toF MS full mass spectral information is available 
across the whole chromatogram, while the achieved detecta-
bility is comparable to the one typical for conventional MS 
detectors. therefore, unambiguous confirmation of analyte 
identity is possible according to full mass spectrum. (ii) the 
absence of spectral skewing and the constant ratios of ions 
across a chromatographic peak allow the application of soft-
ware data mining algorithms of peak finding and true signal 
deconvolution. this enables the applications for non-target 
screening analysis. (iii) Being the fastest MS detector, time-
of-flight can be used for the applications in fast and ultra-fast 
gC and comprehensive two-dimensional gas chromatogra-
phy (gC × gC), as discussed below. 

Within the data mining software routines the Peak Find 
algorithm automatically and effectively locates all peaks in 
the chromatogram. Co-eluting analytes, peaks buried bene-
ath the background of the tiC, and even small peaks buried 
beneath large matrix interferences are automatically detected 
and reported. after the Peak Find algorithm has located all of 
the analytes, the true mass spectra for each analyte are auto-
matically extracted from the system background, matrix bac-
kground, and co-eluting components. Even ions that are sha-
red between co-eluted analytes are accurately proportioned 
to provide a complete mass spectrum. the resulting spectrum 
is then used for analyte identification by spectral interpreta-
tion or by library search using any number of commercially 
available or operator-prepared databases. Fig. 2. shows the 
overlap of the tolylfluanide and penconazole peaks with a 
time difference of 0. s between the peak apexes. although, 

it is impossible to distinguish the two peaks in the combined 
tiC, the peaks can be resolved by plotting the individual ion 
masses. apex non-deconvoluted spectra a) contain some ions 
originating in co-eluted peak (red and green arrows). after 
applying the deconvolution agorithm these spectra are then 
missing all these contaminating ions B) and can be then iden-
tified by matching to mass spectral libraries C). this ability to 
separate and identify closely eluting peaks decreases the need 
for highly resolved peaks and permits faster analysis.

Comprehensive two-dimensional gas chromatography 
(gC × gC) has been a subject of attention in recent years, 
because of its enormous separation ability. in gC × gC, two 
columns of different selectivity are connected via a thermal 
modulator, which cuts small parts of the first column eluate, 
focuses them to sharp zones and samples them onto the second 
column, where a very fast “flash” separation (100–150 times 
faster compared to separation in first column) is performed. 
Each compound of a sample is therefore subjected to two 
independent separation mechanisms (see Fig. 3.). 

the considerably increased peak capacity of gC × gC 
over one dimensional gC provides not only improved sepa-

Fig. 1.	 tOF	Ms	design	(Pegasus	Ht,	lecO,	usa)

Fig. 2.	 true	signal	deconvolution	demonstrated	on	closely	co-
eluted peaks of penconazole and tolylfluanide
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ration of target analytes (see Fig. 4.) but also target analytes 
from matrix which allow more accurate identification and 
quantification of analytes.

results
in the presented contribution applications focusing on 

gC-toF MS and gCxgC-toF MS examination of difficult 
environmental samples will be shown.

REFERENCES
 1. application Note Leco Corp. acessed by internet via: 

http://www.leco.com/resources/application_note_subs/
pdf/separation_science/-252.pdf

Fig. 3.	 Gc	×	Gc	diagram

Fig. 4.	 contour	 plot	 showing	 chromatographic	 separation	 of	
beta-HCH and Trifluralin in the second dimension as noted by 
the white arrow (B), however, they co-elute in the first dimension 
(a)	(ref.1)
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Introduction
Petroleum and its refining products continue to be one of 

the most abundant environmental pollutants. Consequently, 
transformation processes of petroleum-type pollutants in 
soils, recent sediments, alluvial sediments, ground and sur-
face waters were studied by numerous authors: in coastal 
marine environment1, in estuarine sediments2, under arctic 
marine conditions3, on the East Mediterranean coast4 etc. 

the fate of an oil type pollutant in the environment can 
be monitored most accurately by determining its quantity 
and studying its composition in the polluted samples from 
the same or close locality, and during different periods of 
time. on that way a number of experiments were carried out 
in order to define the intesity and optimal conditions for the 
most efficient biodegradation (temperature, humidity, nutri-
ents) e.g., 5-11. 

on the other side, simulation of the natural conditions in 
the laboratory or by ex situ bioremediation with simultaneous 
intensification of only specified factors affecting the intensity 
and rate of transformation made it possible to save time and 
to come to relevant conclusions. applications of biodegra-
dation processes foccussed primarily on bioremediation of 
different sections of the environmental compartments have 
been described, e.g.12–14

in this paper our recent results will be reviewed observed 
by investigating tranformation processes of petroleum-type 
pollutant 1) by determining its quantity and studying its com-
position in the polluted samples from different distance of oil 
spill; 2) by determining its quantity and studying its compo-
sition in the polluted samples during different periods of time 
from oil spill; 3) by simulation of the natural conditions in 
the laboratory and 4) by ex situ bioremediation with simul-
taneous intensification of only specified factors affecting the 
intensity and rate of transformation.

tranformation	Processes	of	Petroleum	Pollutant	by	
Determining	its	Quantity	and	its	composition	in	the	
samples	from	Different	Distance	of	Oil	spill

in order to gain insight into oil transformations which 
occur during migration and to contribute to the elucidation 
of migration mechanisms in water-wet environments, the 
content and composition of heavy fuel oil from an acciden-
tal oil spill near a railway station was determined in crushed 
rock samples from various depths and distances from the 
oil spill15. the observed differences in the group composi-
tion (increase in NSo-compounds content with depth and 
distance), and in the distribution of n-alkanes and isopreno-

ids C19, pristane (Pr) and C20, phytane (Phyt) (the shift of the 
n-alkane-maximum and the shift of Pr/n-C17 and Phyt/n-C18-
ratios towards higher values with depth and distance; Fig. 1.) 
lead to the conclusion that heavy fuel oil migration through 
the crushed rock environemnt occured in the presence of 
water by the colloidal micelle mecahnisms. Namely, higher 
n-alkane homologues and pristane and phytane incorporated 
into the micelles of petroleum NSo-compounds and water 
and thus they are “transported” preferentially, compared to 
shorter-chain n-alkanes.

tranformation	Processes	of	Petroleum	Pollutant	by	
Determining	its	Quantity	and	its	composition	in	the	
samples	During	Different	Periods	of	time	from	Oil	spill

the process of biodegradation of petroleum-type pollu-
tants in underground waters from Danube alluvial sediments 
(the locality of Pančevo oil Refinery) was followed through 
a period from November 1997 to February 2000 by gC ana-
lyses of isolated alkane fractions16,17 (Fig. 2.).

in the period from November 1997, when first samples 
were taken, to February 2000, when fifth samples were taken, 
important changes of the chemical composition were obvious, 
especialy in well i. Relative contribution of n-alkanes as 
compared to pristane and phytane in sample ia indicated 
changes defined as “initial petroleum biodegradation”.  

Fig. 1.	 Gas	chromatograms	of	saturated	hydrocarbon	fractions	
isolated from emptied heavy fuel oil (R-2a → R-9c, increase the 
depth	and	distance	from	oil	spill)15.



Chem. Listy, 102, s265–s1311 (2008) Plenary Lectures

s285

the abundance of C17 and C18 n-alkanes was somewhat smal-
ler than the abundance of pristane (C19) and phytane (C20). gas 
chromatogram of sample ib showed that in the period from 
November 1997 to May next year the amount of n-alkanes 
relative to isoprenoids was reduced, a phenomenon typical 
for biodegradation intensity in geochemical literature defined 
as “very slight” or “minimal biodegradation”18–20. Later, in 
September 1998 (sample ic), the amount of n-alkanes was 
still smaller. Finally, during next one year, n-alkanes were al-
most completely degraded (sample id). Pristane and phytane 
remained nonbiodegraded.

Comparison of Pr/n-C17 and Phyt/n-C18 ratios observed 
in samples ia-c (winter 1997 – autumn 1998) suggested that 

biodegradation was considerably more intensive during the 
summer period than during the winter or spring periods. on 
the other hand, by comparing these degradation intensities 
with those observed in samples originating from close but 
deeper localities, it was concluded that biodegradation of 
the petroleum-type pollutant was more intensive in shallow 
underground waters21.in a relative short period of time, from 
September 1999 to February 2000, the alkane fraction of 
the petroleum-type pollutant suffered an unexpected change 
(sample ie, Fig. 2.). Namely, while pristane and phytane were 
found in the same amounts characterized by approximately 
the same ratios, in this fraction of the pollutant new even 
carbon-number C16 to C30 n alkanes were observed. it was 
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Fig. 2.  Gas  chromatograms of alkanes  isolated  from oil polluted alluvial ground waters  (Pančevo Oil Refinery  locality,  I  and  II 
wells).	samples	were	taken	in	november	1997	(a),	May	1998	(b),	in	september	1998	(c),	september	1999	(d)	and	in	February	2000		
(samples	e)16,17.
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supposed that these even carbon-number n-alkanes were bio-
synthesized by some microorganisms. according to literature 
data, the following organisms are known to synthesize such 
compounds: Desulfovibrio desulfuricans, Corynebacterium 
sp., Escherichia coli, Rhizopus stolonifer or Penicillium sp.22. 
these are all micro-organisms which have grown on different 
organic basal medium (for example sewerage waste23). Con-
sequently, the biosynthesis of even carbon-number C16–C30 
n-alkanes was tried to confirm by detailed analysis of extracts 
obtained from samples d and e24 (Fig. 3.).

it was found that sample ie, containing remarkable 
amounts of even n-alkane homologues, contained, as well, 
in the alcoholic fraction, a homologous series of even car-
bon-number alcohols in a C14 to C20 range and a relatively 
significant amount of cholesterol. on the other hand, sample 
id, which did not contain any significant amounts of neither 
odd nor even n-alkane homologues, did not contain alcohols 
or higher fatty acids.

Even carbon-number alcohols and fatty acids observed 
in sample ie were taken as a proof of the presence of par-
ticular microorganisms, i.e., of unicellular, nonphotosynthe-
tic algae of Pyrrophyta type. these types of microorganisms, 

also known under a popular name of “fire algae”, are known 
to be able to synthesize even n-alkane homologues on a sui-
table base such as petroleum or petroleum-type pollutants25.

tranformation	Processes	of	Petroleum	Pollutant	by	
simulation	of	the	natural	conditions	in	the	laboratory

the fate of a petroleum-type pollutant in environmental 
water may be foreseen on the basis of laboratory simulation 
experiments of microbiological degradation of petroleum 
using microorganism consortiums similar to those typical for 
the natural environment, activated on a corresponding nut-
rient base26. as an example, Figure 4 shows a gas chroma-
togram of the alkane fraction of a paraffinic-type crude oil 
originating from Serbia oil field (Sir-1C), and gas chromato-
grams of alkane fractions of the same crude oil isolated after 
90 days of simulated biodegradation on an inorganic “Knop” 
base (Ca(no3)2

. 4H2o, K2HPo4, MgSo4
. 7H2o, KCl, FeCl3, 

H2So4, H2o; pH  ≈  8) under daylight (Sir-1) and in absence of 
light (Sir-2), as well as on a “Bujon” organic base (tryptone, 
yeast extract, glucose, distilled water, pH  ≈  7) under daylight 
(Sir-3) and in darkness (Sir-4). the experiments were carried 
out with microorganisms consortium similar to that one iden-
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Fig. 3.	 chromatograms	 of	 Gc-Ms	 analyses	 of	 fractions	 of	 alkanes,	 alcohols	 and	 fatty	 acids	 (their	 methyl-esters),	 isolated	 from	
extracts	I	d	(below)	and	Ie	(above)24.
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tified as dominant in the investigated surface sewage water in 
the channel of the Pančevo oil Refinery (Phormidium fove-
olarum, Achanthes minutissima, Nitzschia communis, Chlo-
rella communis)27.

in an experiment on a Knop base, which maximally cor-
respond to natural conditions, by biodegradation under day-
light (Sir-1), n-alkanes were almost completely degraded. in 
darkness, the degradation was less effective (Sir-2). in expe-
riments on a Bujon base, n-alkanes were found to be much 
less degraded (Sir-3 and Sir-4).

on the other hand, in experiments carried out in the 
same way, using the same nutrient bases and identical micro-
organisms, but with a naphthenic-type crude oil originating 
also from Serbia, it was possible to follow the degradation 
of isoprenoid aliphatic compounds27 (table i). Comparison 
of Phyt/C30-hopane ratios observed in the investigated sam-
ples after 90 days of simulated biodegradation (ve-1 – ve-4) 
with those observed in control tests (ve-1C – ve-4C; table i), 
showed the degradation of isoprenoids to be also most pro-
nounced on the Knop inorganic nutrient base and under day-
light. Under identical experimental conditions, polycyclic 
alkanes of sterane and triterpane types retained their original 
distributions.

ND – parameter was not calculated due to total degradation 
of pristane and phytane
ND* – parameter was not calculated due to total degradation 
of phytane

the experiment of ex situ soil bioremediation was per-
formed at the locality of the oil Refinery in Pančevo (allu-
vial formation of the Danube river, Serbia) polluted with 
the oil type pollutant28. the experiments of biostimulation, 
bioventilation and reinoculation of autochthonous microbial 
consortium were carried out during the six-month period 
(May – November 2006). the changes in the quantity and 
composition of the pollutant, or the bioremediation effect, 
were monitored by analysis of the samples of the polluted 
soil taken in time spans of two weeks. in that way, from the 
beginning until the end of the experiment, 12 samples were 
collected and marked with P1–P12 (Pančevo 1 – Pančevo 12). 
the results obtained showed that more significant changes in 
the composition of the oil pollutant occurred only during the 
last phases of the experiment (P8–P12; Fig. 5.). the activity of 
microorganisms was reflected in the increase of quantity of 
the polar oil fractions, first of all fatty acid fractions. in that 
way the quantity of total eluate increased, and the quantity of 
the insoluble residue was reduced to minimum, by which the 
oil pollutant was transferred to a form which can be removed 
more efficiently and more completely from the soil, as a seg-
ment of the environment.

also, these experiments presented atypical transformati-
ons of saturated hydrocarbons of petroleum type pollutants29. 
Namely, organic substance from P1, P8 and P12 samples were 
extracted by Soxhlet’s method and quantified. isoprenoid 
aliphatics, in particular pristane and phytane, and polycyclic 
aliphatics of sterane and triterpane types in saturated hydro-
carbon fractions were analysed by gC-MS (SiM method). 
Significant amounts of n-alkanes have not been detected. 
the MS-chromatogram revealed only marginal amounts of 
pristane and phytane in sample P1. Pristane and phytane oc-
curred in sample P8, and in even higher quantities in the final 
sample P12 (Fig. 6.). the proceeding bioremediation process 
was accompanied by the decrease of the relative amounts of 
pentacyclic terpanes of hopane type, compared to tri- and tet-
racyclic terpanes29. in the initial sample P1 the distribution 
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Fig. 4.	Gas	chromatograms	of	the	alkane	fractions	derived	from	
paraffinic type petroleum of Sirakovo after 90 days of simulated 
biodegradation	with	Phormidium foveolarum,	Achanthes minu-
tissima,	 Nitzschia communis	 and	 Chlorella communis	 with	 Kp	
medium	in	the	light	(sir-1),	with	Kp	medium	in	the	dark	(sir-2),	
with	Bh	medium	in	the	light	(sir-3),	with	Bh	medium	in	the	dark	
(sir-4)	 together	 with	 chromatogram	 of	 alkane	 fraction	 typical	
for	the	control	experiments	(sir-1c)27.

table i 
Parameters based on gas chromatograms of naphthenic-type 
crude oil alkane fractions27

  Pr/Phyt Phyt/C30-hopane
 ve-1C 0.21 1.68
 ve-1 ND ND*

 ve-2C 0.37 3.81
 ve-2 ND ND*

 ve-3C 0.46 4.00
 ve-3 0.52 1.67
 ve-4C 0.10 0.50
 ve-4 0.30 0.32
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of steranes and hopanes follows a pattern, which is charac-
teristic for crude oils. However, their identification by SiM 
method was not possible in samples P8 and P12 because of the 
reduced concentration29.

the observed changes in the alkane fractions’ compo-
sitions may be considered as atypical, referring to the fact 
that during oil biodegradation under natural conditions, 
decomposition of isoprenoids occurs much easier and faster 
than decomposition of polycyclic alkanes of tri-, tetra- and 
pentacyclic terpane, sterane and diasterane types, after the 
decomposition of n-alkanes has been almost completed.

Instead	conclusions
in spite of remarkable advancement of petroleum 

exploitation, transport and refining technologies, petroleum 
and its refining products continue to be one of the most abun-
dant environmental pollutants. Consequently, studies on the 
environmental fate of petroleum-type pollutants remain to be 
an actual scientific interdisciplinary problem.
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the Ministry of Science of the Republic of Serbia for suppor-
ting this research. Also, I thank all my colleagues included 
in presented investigations from Department of Chemistry, 
University of Belgrade, Center of Chemistry, IChTM, Bel-
grade, Serbia, Federal Institute for Geosciences and Natural 
Resources, Hannover, Germany and Institute of Geology and 
Geochemistry of Peteroleum and Coal, Aachen University, 
Aachen, Germany.
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introduction
synthetic polymers belong to attributes of modern life; it 

is hard to imagine contemporary lifestyle without them. 
These materials came into existence before almost 200 

years. in 1811 french pharmacist Henry Braconnot prepared 
the first man-made material by treating of wood and cotton 
by concentrated nitric acid. This material was called “xyloi-
din” and it hasn’t found any practical use. The term “poly-
mer” was proposed later in 1833 by Jöns Jakob Berzelius. 
The first semi-synthetic polymer, vulcanized rubber, was 
synthesized by charles Goodyear in 1839. very popular and 
widely used celluloid was discovered in 1870 by John Wesley 
Hyatt; it was prepared from nitrocellulose and camphor. all 
these polymers were based on raw materials of natural origin. 
The first fully synthetic (and also very popular) polymer was 
bakelite, which was prepared between years 1907–1909 by 
Belgian chemist leo Baekeland.

in our study we focused our attention on polyurethanes. 
Thesse polymers were discovered in 1937 by german chemist 
otto Bayer. Their synthesis is quite simple; by reaction of dii-
socyanate with diol the polymeric chain is formed containing 
both monomer units connected by urethane bonds:

Toluene diisocyanate is most often used raw material; 
if polyols are used instead of diols then 3-dimensional and 
more firm polymer network is formed.

nowadays, polyurethanes are very popular and widely 
used due to their extremely flexible properties, which can 
be “tailored” with respect to their planned use. flexible low 
density foams (6 kg m–3) are used in bedding and upholstery, 
semi-rigid ones serve as packaging foams and rigid are used 
as insulation foams. High density foams (400 kg m–3) in fle-

xible version serve as footwear midsoles and outsoles, rigid 
ones are used as integral skin in vehicle interiors and rigid 
foams are produced as simulated wood. Microcellular foams 
and elastomers (density 800 kg m–3) are used for fabric coa-
tings and synthetic fibers production and also for vehicle facia 
and other exterior parts of cars and also as structural foam. 
solid polyurethane elastomers - riM (density 1,200 kg m–3) 
are used for example in production of printer rolers.

The worldwide production of polyurethane is constantly 
increasing and in 2003 it overcame 10 million of tons. from 
this amount 1/3 is produced in europe, another 1/3 in north 
america and the last 1/3 in the rest of the World1.

The mass flow of polyurethanes in europe in 2000 was 
described by ron Zevenhoven2. The total PU consumption 
was approx. 3 Mt yr–1 (cca 1.8 Mt yr–1 of PU foams, cca 
0.8 Mt yr–1 of rigid foams, cca 0.4 Mt yr–1 of riM and elasto-
mers). from this amount only cca 150 kt yr–1 is recycled and 
approximately the same amount is incinerated. remaining 
cca 90 % of the amount produced end in landfills, where it 
can undergo various decomposition reactions. Therefore, it 
would be useful to enhance biodegradability of these materi-
als; on the other side, the products of decomposition could be 
environmentally dangerous.

in our study we focused our attention on the identifi-
cation of degradation products of polyurethane with enhan-
ced biodegradability. Either natural conditions or simulatend 
ageing were used, both volatile and non-volatile compounds 
were analysed.

Experimental
Polyurethane foams (PuFs) were prepared at the insti-

tute of Material science by reaction of diisocyanate and 
polyol; part of the synthetic polyol (up to 10 %) was replaced 
by biodegradable biomass originated polyol (cellulose ace-
tate, wheat protein, acetylated potato starch, carboxymethyl-
cellulose, 2-hydroxyethylcellulose). in parallel, control PuF 
was prepared by standard procedure (i.e. without addition of 
biomass polyol).

H y d r o l y t i c  d e g r a d a t i o n
3 g of PuFs were refluxed with 150 dm3 of deionized 

water for 8 hours. leachates were analyzed by lc/esi-Ms.

 n a t u r a l  P h o t o d e g r a d a t i o n
Flat pieces of PuFs were placed into flower window box 

on the top of soil layer and fixed by small stone. These pie-
ces were let outside for 2 months. after this period the PuFs 
were extracted by ultrasonication in acetonitrile or n-hexane; 
acetonitrile extracts were analysed by lc/esi-Ms, hexane 
extracts by Gc/Ms.

a c c e l e r a t e d  a g e i n g  –  d e t e c t i o n  o f 
n o n - v o l a t i l e  c o m p o u n d s

Flat pieces of PuF were placed under the uv-discharge tube 
and irradiated for 6 hours. Exposed PUfs were sonicated in n-
hexane, the extract was volume reduced and analyzed by Gc/Ms. 

fig. 1. Polyurethane synthesis
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a c c e l e r a t e d  a g e i n g  –  d e t e c t i o n  o f 
v o l a t i l e  c o m p o u n d s

flat pieces of PUfs were placed into accelerated ageing 
device (Fig. 2.) composed of quartz tube open on one end 
(length 24.5 cm, i.d. 3.5 cm) with input tubing and Teflon 
cover. The device was placed under uv discharge tube. 
Two sPMe devices were inserted into both input and output 
tubing (the first with polydimethylsiloxane fibre, the second 
with polyacrylate fibre) and the ends of the device together 
with sPMe holders were covered by aluminium foil to pro-
tect them against the uv light. The irradiation tooks place 
for 6 hours. after this period, sPMe devices were directly 
analyzed by Gc/Ms. 

H P l c / M s
For HPlc/Ms the esquire-lc instrument (Bruker dal-

tonics, Bremem, Germany) was used. This system consists 
of the agilent HPlc 1100 series with binary gradient pump, 
electrospray ion source and spherical ion trap analyzer. a su-
pelcosil™ lc-18dB column (2.1 × 250 mm, 5 µm particles) 
was used (supelco, usa). Gradient elution from 30 to 100 % 
acetonitrile in water in 30 min was used at constant flow rate 
of 0.25 ml min–1. For the detection both uv-vis detector of 
dad type, and mass spectrometry were used. drying tempe-
rature in electrospray was 350 °c, nebuilizing gas (n2) pres-
sure was 50 psi, and drying gas (n2) flow was 14 dm3 min–1. 
Both positive and negative ions were registered (in separate 
runs).

G c / M s
system agilent 6890n Gc/5973 Msd (agilent Tech-

nologies, Waldbronn, Germany) was employed. The column 
was HP-5Ms 5 m × 0.25 mm × 0.25 µm, helium at a flow of 
1 ml min–1 was used as carrier gas in constant flow mode. 
Temperature program was as follows: 50 °C for 1 min, then 
to 280 °C at 5 °C min–1, final isotherm 5 min. 1 µl of sample 
was injected in splitless mode at a temperature of 280 °C with 

splitless time of 1 min. interface temperature was 260 °c, 
temperature of ion source and quadrupole 230 and 150 °c, 
respectively. electron ionization at 70 ev electron energy 
was used, spectra were registered in scan mode within the 
range of 50–450 amu. nisT 05 spectral library was used for 
the identification of separated compounds.

results
Typical LC chromatogams of PUf extract show only 

two peaks at the beginning. using the lc/Ms/Ms experi-
ments and Msn with direct insfusion of the sample, the proba-
ble structure of main degradation product was proposed (see 
fig. 3.).

This structure is evidently a fragment of polyurethane 
polymer chain.

Fig. 4. shows the chromatogram of hexane extract of 
polyurethane after uv irradiation. using the database search 
several peaks were successfully identified, but in many cases 
the identification was unsuccesfull, in spite of the fact that the 
experimental spectrum was of good quality. The most proba-
ble explanation is that the nisT05 database doesn’t contain 

fig. 2. accelerated ageing device

fig. 3. structure of PUF hydrolytic degradation product

Fig. 4. PUF non-volatile degradation products. Compound 
identification: 1: bis(2-ethylhexyl) ester of hexanedioic acid; 
2: di-tolyl-isocyanate

fig. 5. Volati1e degradation products (PDMS fibre). Com-
pound identification: 1: 2-methyl-1,3-dioxane; 2: 2,6-diisocyana-
totoluene; 3: 6,10-dimethyl-5,9-undecadiene-2-one; 4: 2,5-di-
terc-butyl-1,4-benzochinone; 5: pentadecane; 6: hexadecane; 7: 
2,6-bis(1,1-dimethyethyl)-4-(1-oxopropyl)phenol; 8: dodecanoic 
acid methylester; 9: 4-decyl-morpholine; 10: heptadecane; 11: 
2,6,10,14-tetramethyl-pentadecane; 12: ?? (isoprenoid alkane);
13: tetradecanoic acid isopropylester; 14: 4-undecyl-morpho-
line; 15: N,N-dimethyl-1-hexadecanamine; 16: 4-tetradecyl-
morpholine; 17: squalene; 18: 4-hexadecyl-morpholine
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mass spectra of compounds of this type. The only possibility 
of structure revealing in these cases remains the manual inter-
pretation using the common fragmentation rules3.

fig. 5. shows the chromatogram of volatile degrada-
tion products of PUf with addition of hydroxyethylcellulose 
adsorbed by sPMe on PdMs fibre. various classes of com-
pounds were found – alkanes, esters of fatty acids, morpho-
line derivatives, but also poisonous 2,6-diisocyanatotoluene. 
fig. 6. depicts the same degradation products adsorbed on 
polyacrylate fibre. in this case more polar compounds are 
preferred like morpholine derivatives, but again toxic 2,6-dii-
socyanatotoluene (compound 2) was found.

Composition of the degradation products also depends 
on the type of biodegradable filler. Toluene diisocyanate was 
found only when hydroxyethylcellulose and cellulose acetate 
were applied.

Conclusions
degradation products of polyurethane foams with enhan-

ced biodegradability were studied. Both degradation under 
natural conditions and accelerated ageing were used, both 
non-volatile and volatile compounds were analysed using 
liquid and gas chromatography interfaced to mass spectro-
metry. The composition of degradation products was influen-
ced by the type of biodegradable filler used instead of 5 % of 
polyether polyol in the polyurethane synthesis. When modi-
fied cellulose was used, poisonous toluene diisocyanate was 
identified as volatile degradation product. The identification 
of products separated by Gc by library search was unsucces-
full in many cases; the reason is problably caused by the fact 
that the used Ms library is commonly oriented and doesn’t 
contain the spectra of PUf degradation products.

Following research will be focused on the quantitative 
analysis of PuF degradation products, either using sPMe 
and suitable surrogates, or using adsorption tubes with sui-
table adsorbent.
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fig. 6. Volati1e degradation products (PA fibre). Compound 
identification: 1: 2-(2-ethoxyethoxy)-ethanol; 2: 2-ethyl-
hexanoic acid; 3: 1,3-dioxane; 4: 2-methyl-1,3-dioxolane; 5: 
2-methyl-1,3-diisocyanatobenzene; 6: 2,6-bis(1,1-dimethye-
thyl)-4-(1-oxopropyl)phenol; 7: 4-decyl-morpholine; 8: 4-unde-
cyl-morpholine; 9: N,N-dimethyl-1-hexadecanamine; 10: 4-tet-
radecyl-morpholine; 11: 4-hexadecyl-morpholine
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introduction
The protective properties are the most important para-

meters for selection of well-suited materials for construction 
of individual protective equipment (iPe). These properties 
determine ability of a given iPe against the highly toxic 
agents and industrial harmful substances under short time 
and/or long time contamination in the gaseous and liquid 
phases.

The most frequently used protective materials for iPe 
are polymer barrier materials. Their numerous advantages 
such as easy availability, possibility of mass production, 
relative low cost as well as the broad range of manufactured 
qualities determine their use for different protective purpo-
ses. single-layer or laminated polymers and textile with poly-
meric or elastomeric layer are used as barrier materials. it is 
possible to use metallic film, PeT sheet with layer of siox 
(e.g. material ceraMiX from company alcan) or other 
nanolayers, adsorption textile (e.g. saraToGa with sphe-
rical sorbent or Charcoal Cloth made from activated carbon 
fibres) eventually special membranes (e.g. naFion, Gore-
TeX, PoroTeX, PurTeX etc.) with specific diffusion pro-
perties for toxic agents. 

resistance of polymer barrier materials against harm-
ful substances is defined as parameter called breakthrough 
time (BT)1,2,3,4. Breakthrough time is the most widespread 
way of barrier materials evaluation in term of constructional 
usage of materials, their manufacture and conditions of their 
selection.

Experimental
The procedures for evaluation of protective properties 

are elaborated in accordance with the czech Technical stan-
dard Čsn iso en 6529 (october 2001) which results from 
american standard asTM F 739-99a (august 1999)5,6. The 
above-mentioned standard describes experimental methods 
used for testing of barrier materials resistance against per-
meation of liquid and gaseous substances and, among other 
things (e.g. conditions of measurement for closed-loop or 
open-loop, continual and discontinual measurement, prepa-
ration of samples etc.) recommends suitable analytical tech-
niques for evaluation of permeation toxic vapors. The gas 
chromatography (Gc) is one of these techniques which is 
commonly used for detection and identification of chemical 
warfare agents (cWa) as well as ion mobility spectrome-

try (iMs)7,8,9,10. The 2, 2’-dichlorodiethylsulfide (sulphur 
mustard, Hd) was used for measurement of permeation as 
testing chemical. The double-sided butyl rubber polyamide 
fabric was used as the used tested material.

P e r m e a t i o n  M e t h o d 
The following methods were selected for evaluation of 

barrier properties of polymer materials11,12,14,15. The prin-
ciple of these methods is illustrated by visual demonstration 
on fig. 1. where the scheme of alternative permeation cell 
that is used for measurement at aerodynamics conditions. 
The alternative permeation cell respects requirements of 
standard Čsn en iso 6529. This cell is made from stain-
less steel. The clamping system is solved by the one central 
withdrawal nut (see scheme on fig. 1.) that makes possible 
not only quick clamping and exchange of tested materials but 
also total obturation of samples. The tested material separa-
tes the alternative cell into two parts. Upside of cell contains 
testing chemical (here sulphur mustard) and on the other side 
the permeating gas or vapor is swept away into the carrier gas 
leading to detector. The carrier gas and agent vapors mixture 
is then analyzed by suitable detection techniques.

C o m p o s i t i o n  o f  E x p e r i m e n t a l 
s y s t e m

The experimental system for permeation measurement 
of toxic agents was designed in accordance with the stan-
dard Čsn en iso 6529. The clean air comes through drying 
column (the clean air is represented by blue arrows) washes 
lower part of tested material. The air stream carry away per-
meating vapors of testing chemical to the given detector (the 
air containing vapors of testing chemical is represents by red 
arrow). This system was modified according to the used kind 
of detection (see scheme on fig. 2.).

Gc and iMs detector Gid-3 were used for analysis of 
permeating sulfur mustard vapors. The Gc equipped with 
Fid detector, agilent 6890, was used for separation of gases 
and vapors between mobile and stationary phase. The com-
ponents are separated on the basis of holding ability of the 
stationary phase into the chromatographic column. This ana-
lytical method enables evaluation of taken samples using 

fig. 1. scheme of alternative permeation cell used for measure-
ment at aerodynamics conditions
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thermal desorption from solid phase sorbent (Tenax™ Ta), 
direct solvent liquid extraction (n-hexane) and solid phase 
extraction (sPe) method. The iMs detector Gid-3 operates 
on the basis of the different mobility of ions in gaseous phase 
in the homogeneous electric field.

The investigated barrier material sample was fixed 
inside the alternative permeation cell (see scheme on fig. 1.) 
and contaminated from the upper side with defined amount of 
liquid Hd agent. The permeating agent vapors were sampled 
from the permeation cell space under the material sample 
by the iMs detector. The air-drying column was connected 
at the front end of the permeation cell inlet to protect iMs 
detector against moisture. iMs detector was connected to the 
Pc where the measured data was continually acquired, saved 
and graphically evaluated (see chart on Fig. 3. and Fig. 4.) 
with using the software BarierasW2006 especially designed 
for this purpose.

The scheme of li/Gc and Td/Gc testing system is 
shown on Fig. 2. The same configuration of permeation cell 
including the investigated material sample placing and con-
tamination procedure was used. The special sampling device 
equipped with a controlled air pump and flow meter was used 
for permeating agent sampling by the solid phase extraction 
asseT-32™ tubes, direct solvent liquid extraction (dsle) 
by n-hexane (for Gc, ≥ 99.0 %) and daaMs Tenax™ ther-
mal desorption tubes. air flow of 100 ml/min was set up. 
agilent Gc equipped with Fid detector was used for analysis 
of liquid sample.

results
The results of sulphur mustard permeation through tested 

materials obtained by iMs detector and Gc (thermal desorp-
tion, direct liquid extraction and solid phase extraction) are 
compared in the chart on Fig. 3. and Fig. 4. observed con-
centration shift shown in the chart is probably caused by dif-
ferent sensitivity of used methods. sPE method is more sen-
sitive than direct solvent liquid extraction and direct solvent 
liquid extraction method is more sensitive than iMs method.

Breakthrough time of Hd was determined on the basis 
of graphical analysis of permeation curves called time-lag. 
The permeation curve was interlayed by line13–19. The point 
where the line is crossing the x-axis represents the Hd break-
through time of investigated material (see Table i).

Basically the breakthrough time is dependent also on the 
other factors then the used analytical method. Temperature 
is one of the most important factors, which strongly influen-
ces the permeation process. The following experiments, held 
under the same conditions, have been performed to quantify 
the temperature dependence. The course of permeation was 
monitoring by the iMs detector Gid-3, which is preferable 
for long continual measurement. The measurement was pro-
ceeded in temperature range from 15 °c to 40 °c by 5 °c. The 
lower range limit was defined by freezing point of sulphur 
mustard, which is 14.5 °c. The upper limit was restricted by 

fig. 2. Composition of usable experimental system for measu-
rement of permeation of toxic agent through protection barrier 
materials

fig. 3. he IMS and LI/GC techniques (direct solvent liquid 
extraction and solid phase extraction) results comparison

Fig. 4. The IMS and TD/GC techniques (thermal desorption) 
results comparison

Table i
The values of Hd breakthrough time obtain time-lag method

 The used Breakthorough time of Hd
 techniques minutes hours
 iMs 350 5 : 50
 Td-Gc 310 5 : 10
 li-Gc (sPe) 270 4 : 30
 li-Gc (dsle) 300 5 : 00
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tolerable ness of protection means. The fatal overheating of 
human body can happen at the temperatures over 40 °c.

The charts of all permeation curves are shown on fig. 5. 
The permeation of Hd agent through polymer membrane is 
faster with increasing temperature and permeation will be 
sharper course.

The related values of breakthrough times evaluated with 
using time lag method are presented in Table ii.

The dependence of Hd breakthrough time on tempera-
ture is plotted in chart shown on fig. 6. The points in the 
chart were interlaced by exponential curve and this curve was 
expressed by regression equation. The exponential equation 
can be used for breakthrough time on temperature depen-

dence quantification and the parameters could be used for 
different materials resistance comparison.

Conclusions
The main purpose of this measurement was to compare 

the analytical methods and/or detection techniques used for 
the breakthrough time’s evaluation. on the basis of obtained 
results comparison it is possible to submit that the value of 
Hd breakthrough time is strongly dependent on sensitivity of 
used analytical method. The iMs detector enables to perform 
the continual measurement of permeation Hd in real time. 
The result is permeation curve represented by increase of per-
meating vapors amount in time. The Gc method providing 
an exact determination of kind and amount of permeating 
compound and products of interaction between tested poly-
mer and permeating toxic agent, i.e. qualitative a quantitative 
analysis in contrast to iMs. However, the Gc method does 
not enable to perform the continual measurement and is not 
so suitable for long term measurement. otherwise, the iMs 
method indicates course of permeation vapor through poly-
mer membrane but is not able to determine kind and amount 
of permeated compound.

But simultaneous use of both detection methods used 
simultaneously enable to perform the more exact definition 
of tested polymer barrier material character.
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 20 °C 600 12 : 00
 25 °c 440 7 : 20
 30 °c 285 4 : 45
 35 °C 150 2 : 30
 40 °c 90 1 : 30

fig. 6. The chart of HD breakthrough time dependence on the 
temperature
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introduction
Morphofunctional disturbances of circulation in rat 

embryos intoxicated by derivatives of organophosphates 
(oP), a role of endothelium directly affected by oP under 
acute intoxications1,2, and various data on the role of endothe-
lium in development of peripheral neuropathies of various 
genesis3,4,5 were the basis for consideration of endothelium 
as one of the main targets under chronic intoxication with oP. 
in this research work, an attempt has been undertaken to cla-
rify an impact of circulatory disturbances, the cellular com-
ponent of haemostasis, and neuropathy target esterase (nTe) 
activity upon reaction of rat organism under intoxication with 
low doses of oP.

materials and methods
in these experiments diisopropylfluorophosphate (dFP), 

which can induce the delayed polyneuropathy, and paraoxon 

which has no such effect, were applied with drinking water 
at doses 10–2 mg kg–1 (1/100 ld50) and 10–4 mg kg–1 (1/10,000 
ld50). The intoxication was conducted daily 5 times in a week 
for 3 months. esterases of choline and non-choline substrate spe-
cificity6,7,8,9 were studied; for rat brain, the enzyme activity was 
calculated per mg of protein10. To investigate the oP effects upon 
nadPH-oxidase system, we used the functional state of perito-
neal macrophages with fluorescent microscope and fluorescent 
probe dichlorfluorescein diacetate (dcF)11. kinetic parameters 
of platelet aggregation were studied by low angle light scattering 
technique12. The functional activity of endothelium under oP 
intoxication was studied with rat aorta by method of endothelium-
dependent relaxation13,14. The results obtained were processed by 
variation statistics and Ms exсel software. 

results and Discussion
Comparing the level of inhibition of esterases in blood 

plasma after 3 months’ intoxication with the oP, we have 
found that the residual activity of nTe was much lower than 
that of red blood cells’ acetylcholine esterase (ache). inhi-
bition of nTe activity in rat brain 2 months after stopping 
intoxication with dFP gives an indirect evidence for develo-
pment of neurotoxic effects. activity of esterases after chro-
nic intoxication demonstrates a switch of inhibition from one 
enzyme to another, embracing both choline specific and non-
specific esterases. it is noticeable that the most prolonged 
neurotoxic effect (20–30 % reduction of nTe activity after 
6 months’ period of the post-intoxication recovery) remained 
in the platelet-rich plasma (PrP). 

The next method demonstrating its efficacy for dia-
gnostics of the low dose intoxication with oP was estima-
tion of the level of generation of reactive oxygen species 
(ros) during “respiratory burst” by professional phagocytes 
(macrophages). it is a widely known fact that macrophages 

fig. 1. Generation of roS by mice macrophages after 3 months’ chronic intoxication and 2 and 4 months after cessation of the in-
toxication with paraoxon and DFP at doses 10–4 mg kg–1 (min) and 10–2 mg kg–1 (max)
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are not only scavengers and alarm cells but they also have 
important functions to occupy key positions in every kind of 
immune response: production of antibodies, induction of cell 
immune reactions, development of immunologic memory 
and tolerability, thus correctly being named “dispatcher 
cells”. in our experiments, the functional activity of mouse 
macrophages was activated under intoxication with oP at 
10–4 mg kg–1 (Fig. 1.). activation of phagocytes affected by 
low doses of oP leads to production of ros (hydrogen pero-
xide, superoxide anion, singlet oxygen and hydroxyl anions), 
which cause modification of tissue and serum proteins and 
lipids to further cause their obtaining of antigenic properties. 
Thus, activation of phagocytes is an autocatalytic process and 
can lead to formation of the vicious circle. on the other hand, 
absence of macrophages’ activation under exposure to large 
doses of oP indicates a suppression of antigen-presenting 
function of these cells; it is also known that chemical agents 
inhibiting this function in most cases cause suppression of 
immune response16.

The animals’ immune status was further tested with low 
angle light scattering technique and studies of functional acti-
vity of blood platelets. Besides of a leading role in haemo-
stasis, blood platelets play also an important role in immune 
reactions being a mediator between these two physiologic 
systems17,18. For the expense of binding with c1q receptor, 
the platelets can adhere to endothelium of capillaries, where 
local interaction of platelets with activating agents can take 
place19,20.

Peroral chronic administration of dFP and paraoxon to 
laboratory animals for 3 months with the following examina-
tion at 2, 4 and 5 months after cessation of the intoxication 
demonstrated that in both cases a pronounced disturbance of 
the functional activity of platelets was observed, followed by 
a prolonged period of recovery of kinetic parameters of plate-
let aggregation (Fig. 2.). in 3 months of chronic intoxication 
with dFP a marked increase of ec50 was registered, similar 
to the case with russian vX21. in contrast to dFP and rvX, 
paraoxon did not have a visible effect on sensitivity of plate-
lets, but affected the maximal velocity of aggregation to the 
greater extent.

investigation of blood vessel endothelium revealed that 

under chronic intoxication with oP an inhibition of endothe-
lium-dependent relaxation occurs with both dFP and para-
oxon, though the former was more potent at the same doses 
(Fig. 3.). Moreover, the level of pre-constriction with epi-
nephrine under exposure to dFP was significantly different 
from that observed under exposure to paraoxon. so not only 
the level of relaxation following pre-constriction did change 
but also the background tonus of blood vessels and dynamics 
of the pre-constriction per se. in 2 months after cessation of 
the intoxication, inhibition of the endothelial function was 
nevertheless rather pronounced in both groups of rats that were 
exposed to dFP and paraoxon at 10–2 mg kg–1. in 5 months, 
there were significant changes only in rats exposed to dFP, 
being at the same level in both groups of intoxicated rats 
administered to dFP at doses 10–4 and 10–2 mg kg–1.

Conclusions
esterases of various geneses, localization and functional 

specialization should be molecular targets for oP.

fig. 2. relative changes of the medium effective concentration of activator (eC50) and maximal velocity of platelet aggregation 
(umax) after peroral administration of DfP (A) and paraoxon (B) at doses 1 × 10–2 (max) and 1 × 10–4 (min) mg kg–1: after 3 months of 
intoxication, then at 2, 4 and 5 months of the “recovery period”; (# – Р < 0.1; *Р < 0.05)

fig. 3. relative excess over control (100 %) of the blood ves-
sel contracting force in 3 months of intoxication with DfP and 
paraoxon at doses 10–2 and 10–4 mg kg–1 (carbachol was admin-
istered at the background of pre-constriction with norepine-
phrine)
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Changes in activity of esterases under prolonged expo-
sure have a phase character with predominant inhibition of 
nTe as a delayed effect.

Endothelium should be one of the main tissue targets in 
case of chronic low dose intoxication with oP. 

Blood platelets and phagocytes could be sensitive testing 
models to estimating effects of the low level exposure to oP. 

The pathogenesis of low dose chronic intoxication with 
oP is probably based upon the two complementary factors: 
development of immunoreactivity and tissue/circulatory 
hypoxia.
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introduction
The understanding of health as a main component of 

environment quality accrues from the agenda 21 concerning 
the right of human beings to healthy and productive life1. air, 
one of the components of environment, is polluted primarily 
by anthropogenic factors. Generally, the countryside is con-
sidered a healthy environment2. However, there are very few 
studies to prove this assumption since the air monitoring is 
a long-term and expensive method and therefore carried out 
only on a few monitoring points3.

The aim of the study was to assess the state of climatic 
conditions and state of air quality in relation to the rate of 
diseases among the inhabitants of královce-krnišov village 
by a simple method, based on a comparison of potential con-
ditions of contamination with real state of population health. 
The southern sitno micro region is important for tourism 
development and geographical conditions.

Experiment and methods
Using the reconnaissance of the place was carried out 

terrain research. information and sources of contaminants 
were observed together with the perception of problems 
related to air quality and environmental health. The obtained 
data were further processed by the statistical method of con-
tingential tables, on the basis of which the individual mutual 
relations were evaluated, at the free scope degree of 1 and the 
level of importance 0.01 (χ quadrate). an assessment of the 
state and movement of air required the analysis of the relief 
as well as sunshine input as well as the regional state and 
movement of air for which Gis tools (geomedia) were used. 
Contamination was interpreted from the map of the secon-
dary landscape structure and sources of contaminants. The 
relation between movement and quality of air and environ-
mental health was worked out on the basis of the basic data 
parametric analysis with the subsequent table synthesis and 
mathematic statistics

results and Discussion
on the territory of the kráľovce–krnišov village (the 

štiavnické Mountains) cold, mild warm and warm mountain 
climate prevails. The average yearly temperature spans are 
from 5.5 °C to 8 °C. The average cloud amount is around 
62 %. The number of sunny days is around 48 a year and 

the number of cloudy days is around 125. The territory is 
characterized by regional northern, north-west air circulation 
with a low year and day amplitudes prevailing all the year 
round. There are frequent temperature inversions during the 
radiation weather with a depression circulation. There is also 
an intensive effect of a “temperature island” with a distinctive 
increase of day amplitudes supported by the effect of winds 
of low intensity. negative influences on environmental health 
are diseases caused by contamination from regional emissi-
ons resulting from the type of climate and skin diseases as a 
consequence of contamination of anthropogenic and natural 
factors – frequent and concentrated air circulation especially 
in winter time. Frequent skin diseases and flu are typical for 
inversion type of weather. respiratory diseases and diseases 
related to increased stress conditions due to the amplitudes 
changes, such as blood pressure disorders, stress and cardi-
ovascular diseases, were confirmed. The increase of the all 
above diseases was statistically confirmed.

The territory of the southern sitno micro region is expo-
sed to the influence of industry confirmed by the considerable 
damage of the environment by pollutants distributed in con-
ditions of mesoclimate. The contamination of the regional 
type concerns mainly average annual no2 and so2 concen-
trations. The contamination in the settlement is therefore of 
integrated character from the following sources:

transport related emissions – the contamination inten-
sity is lower in winter and spring season, no statistical 
importance with any disease was shown;
heating related emissions – at inversion type of weather 
there is an increased intensity of contamination espe-
cially during the winter season (most inhabitants use 
wood for heating, some of them waste and electricity), 
an influence on the occurrence of blood pressure disor-
ders was confirmed;
radiation (high volume activity of radon from the geolo-
gical background, radon is considered the carcinogenic 
element causing lung cancer and respiratory diseases);
emissions from rural zone (agriculture – a smell from 
the animal husbandry, excrements of animals, liquid 
manure).

a demographic structure of kráľovce – krnišov village 
population represents a regressive type, lift the biggest age 
groups in the village between 20–40 and 40–60. Based on 
the analysis of microclimate, mesoclimate and macroclimate, 
contamination and illness rate considering the statistic impor-
tance, the population group and factors originating from the 
environment. The occurrence of health problems (statisti-
cally important relations illustrated in Tables i, ii, iii, iv) 
could be specified as follow:

an increased occurrence of the blood pressure disorders 
in the local population: people using electricity for hea-
ting, people using electric appliances at home, women 
and children, age group over 60, inhabitants suffering 
from obesity, cardiovascular diseases, occupational 
diseases and people living mainly on the slopes exposed 

•

•

•

•

•



Chem. Listy, 102, s265–s1311 (2008) Environmental Chemistry & Technology

s301

 
st

re
ss

 
in

fl u
en

za

 
Ec

ze
m

a

 B
ro

nc
hi

tis

 
a

ffe
ct

io
n

C
ar

di
ov

as
cu

l-

 
a

st
hm

a

 
a

lle
rg

ie
s

 fr
om

 w
or

k

 a
r d

is
ea

se

Table ii
The relation of the diseases occurrence in kráľovce – krnišov village (χ quadrant)

 affections

 
B

lo
od

 
pr

es
su

re
 

di
so

rd
er

s

 Blood pressure disorders – 0.09 1.81 1.66 1.33 8.84d 19.44d 0.28 0.28
 stress 0.03 – 0.07 0.99 1.65 0.33 0.00 3.99e 0.28
 influenza 1.81 0.07 – 0.00 2.46 0.34 1.14 0.22 0.21
 eczema 1.66 0.99 0.00 – 1.56 8.75d 2.67 0.18 0.18
 Bronchitis 1.33 1.64 2.46 1.57 – 1.09 0.47 8.36d 8.36d

 affection from work 8.84d 0.33 0.34 8.75d 1.09 – 13.45d 0.12 0.12
 cardiovascular disease 19.44d 0.00 1.14 2.68 0.47 13.45d – 0.07 0.07
 asthma 0.28 3.99e 0.22 0.18 8.36d 0.12 0.07 – 0.01
 allergies 0.28 0.28 0.22 0.18 8.36d 0.12 0.07 0.01 –

Table i
The relation of the diseases occurrence to the sex and age of kráľovce – krnišov village population (χ quadrant)

 age/sex/affections  Man/age [years] Woman/age [years] child/age [years]
  20–40 41–60 over 60 20–40  41–60 over 60  0–0.5 0.5–12  13–19
 Blood pressure disorders 0.76 0.08 0.76 6.17d 0.11 10.05c 0 0 0
 stress 0.08 0.08 0.76 4.16e 0.03 0.50 0.05 0.05 20c

 influenza 0.04 0.04 0.33 1.39 0.06 1.08 0.45 0.16 0.01
 eczema 0.04 0.04 0.33 0.67 0.33 2.49 0.19 0.06 0.01
 Bronchitis 0 1.37 0.52 0.01 2.27 3.40 0.12 0.09 0.22
 affection from work 0.08 0.08 0.76 1.22 3.26 0.69 0 0 0
 Cardiovascular disease 0.83 1.37 0.15 2.67 0.20 1.76 0 0 0
 asthma 0.83 1.37 0.15 0 0 0 0 0 0
 allergies 0 0 0 0 0 0 0.05 0.70 0.57
crelation is at statistically high level of significance (degrees of free1), χ quadrant  =  6.63 <
drelation is at statistically medium level of significance (degrees of free1), χ quadrant  =  5.02–6.63
erelation is at statistically low level of significance (degrees of free1), χ quadrant  =  3.84–5.02

 Blood pressure 0.09 1.74 4.61e 0.30 10.78c 12.86c 5.07d 4.08e 0.09 2.25
 disorders
 stress 4.06e 3.13 5.78d 4.80e 1.36 1.84 2.30 0 0.39 0.27
 influenza 0.00 6.09d 4.80e 6.09d 1.14 3.68 0.03 7.06c 0.64 1.54
 eczema 0.04 0.09 0.04 2.12 2.67 0.58 0.47 0.09 0.11 0.39
 Bronchitis 1.74 4.30e 1.05 2.32 0.65 0.24 0 0.89 0.73 0.90
 affection from work 7.53c 4.30e 0.05 0.62 13.45c 11.11c 0.51 0.33 0.04 0.99
 cardiovascular disease 0.06 0.37 0.09 0.01 1.49 5.90d 0.03 0.94 0.94 0.08
 asthma 0.20 0.48 1.59 1.66 0.07 0.24 1.76 0.69 5.81d 1.19
 allergies 0.19 0.48 0.51 0.62 0.07 0.24 0.58 0.69 0. 18 1.19
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Table iii
The relation of the diseases occurrence to type of dwelling of kráľovce – krnišov village pollution (χ quadrant)
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to the south and on the territory of the “thermal island“ 
effect;
an increased occurrence of frequent flu in the local popu-
lation: people living on the slopes exposed, to the age 
group of children 0–5 months, store-bought meat and 
house produced eggs consumers;
an increased occurrence of skin diseases in the local 
population: the age group of children 0–5 months, adults 
of the age group 20–40, people living on the places with 
frequent valley circulation, and people living on the ter-
ritory with the top climate as a result of the regional air 
pollution; - an increased occurrence of respiratory disea-
ses in thelocal population: people living on the slopes 
exposed to the north, on the places with valley climate 
with important changes of amplitudes and places expo-
sed to the transport emissions, especially with regard to 
people suffering from allergies, asthma, frequent inj-
uries, radon radiation from the geological background;
an increased occurrence of cardiovascular diseases in the 
local population: people living on the slopes exposed to 
the south, on the territory of “the thermal island “effect, 
on the territory with the strong changes of amplitudes in 
the valley climate, people suffering from blood pressure 
disorders and occupational diseases;
an increased occurrence of occupational diseases in the 
local population: people who are in contact with toxic 
stuff at their workplace and people suffering from blood 
pressure disorders, skin diseases and cardiovascular 
diseases.

•

•

•

•

Conclusions
To determine the relation between climatic conditions 

and environmental health of the inhabitants of the královce 
- krnišov model village in the štiavnické Mountains, a new 
method based on confrontation of potential conditions of 
selected factors of an environment – climate and real state of 
the environmental health – was used. statistical results have 
shown the relation, which had been theoretically assumed.

after the additional implementation and verification, 
the model can be considered as a good, quick, cheap and 
informative method for the assessment of the environmental 
health in rural settlements.

This work has been supported by grant VEGA 
1/3276/06
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Table iv
The relation of the diseases occurrence to the nutrition and physical work of kráľovce – krnišov village population  
(χ quadrant)

 various/affections Finish food  finish food Medicine (ache) Physicalwork sucklening   smoke   
 Blood pressure disorders 4.47e 1.17 5.57d 0.67 3.16
 stress 0.00 16.63c 0.16 2.28 0.99
 influenza 1.08 0.90 0.00 0.34 6.60d

 eczema 0.00 0.74 4.54e 0.73 0.32
 Bronchitis 2.40 0.51 2.45 1.09 0.56
 affection from work 0.96 0.51 2.45 0.03 0.63
 cardiovascular disease 0.13 0.30 3.26 0.47 0.72
 asthma 2.74 0.06 0.62 0.12 0.62
 allergies 0.37 0.06 1.66 0.12 1.66
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introduction
Metallomics is one of most recent -omics whose impor-

tance is associated to the presence of metals or any other 
heteroelement (e.g. elements different of c, H, n, or o) in 
biomolecules. These metal-linked molecules play important 
roles in the cells and by extension in the biological behaviour 
of the organisms.

some of these elements are essential for life, marked in 
green in the Fig. 1, other are non-essential or toxic, marked 
in red. This is the case of transition elements, such as fe in 
cytochrome P450, a superfamily of enzymes that regulate the 
metabolism of pollutants, drugs and steroids. as well as Fe in 
transferrin, that transport and deliver this element. Cobalt is 
the key-element of B12 vitamin and ni in urease (the enzyme 
for urea hydrolysis into carbon hydroxide and ammonia). 
other transition elements such as cu and Zn are responsible 
for the activity of the superoxide dismutase, which is invol-
ved in the elimination of superoxide radical.

Together with elements linked to these proteinous 
molecules other non-proteinous molecules of high molecular 
weigh, such as dna is characterized by the presence of phos-
phorus, or boron in polysaccharides from vegetal cell walls.

Therefore, the chemistry of a cell and by extension of 
living tissues and biological fluids can be characterized, not 
only by its typical genome and proteome, but also by the 
metallome, the distribution of metals and metalloids among 
the different biomolecules. The metallome describes, per 
analogy with genome and proteome, the entirety of metal and 
metalloid species within a cell or tissue type.1–4 The scope of 
metallomics is very broad, focusing on developments of new 
analytical techniques and instruments, as well as innovative 
applications focused on environmental, food or health issues. 

i n s t r u m e n t a l  a p p r o a c h e s  i n  M e t a l -
l o m i c s

Three-dimensional systems should be at least used 
in Metallomics: (i) a separation component by gel electro-
phoresis or HPlc; (ii) an very sensitive elemental monito-
ring system, for metal or non-metal quantification, mainly 
icP-Ms; and (iii) a component for the structural characte-
rization of the molecules, generally based on mass spectro-
metry. Therefore, the metal or heteroelement act as tag of the 
experiment, heteroatom-tagged proteomics5.

i n t e r e s t  o f  – o m i c s  i n t e g r a t i o n
The benefit that Metallomics produces due to the simpli-

fication introduced by the metal tag can be insufficient when 
an overall appraisal of complex real problems, such as those 
related to environmental, food or health issues is considered.

if we consider a contamination problem, genetic respon-
ses to stress conditions are often regulated at transcriptional 
level that can be checked by using the microarray technology 
to generate genome-wide transcriptional profiles. The chan-
ges detected by microarrays can be confirmed by rT-Pcr 
(reverse transcription–Pcr). in addition, modifications in 
the proteome can also used as markers of pollution as con-
sequence of protein expression alteration triggered by con-
tamination. However, these changes in proteins profiles can 
not necessarily reflect alterations in gene expression at the 
transcript level, but changes from post –transductional modi-
fications. 

Therefore, the three -omics are complementary and inte-
gration among them is advisable. However, the difficulties in 
integrating data from different -omics technologies in non-
laboratory strains should not be under-estimated, and the use 
of non-inbred strains/species induce a variety of confusing 
factors can complicate interpretation. To avoid these pro-
blems in environmental studies we propose the use in parallel 
of sequenced model species and proved bioindicators with 
gentic sequence homologous to the model. in the present 
study we have selected two mouse species: (i) a model orga-
nism used in many studies in the laboratory, whose genetic 
sequence can be easily obtaine from database, Mus musculus, 
and (ii) an aboriginal species checked as useful sentinel orga-
nism in monitoring programs, Mus spretus6.

in the present work a combined application of transcrip-
tomics, proteomics and metallomics approaches has been 
performed in doñana natural Park, one of the most important 
European biological reserves, in which millions of migrating 
birds land each year in their way to/from africa. The couple 
M. musculus/M. Spretus was used for this integration.

Experimental
s a m p l i n g  a r e a s

Mice were collected in February 2004 at six sites from 
doñana surroundings and the domingo rubio stream, both 
at Huelva province (Fig. 2.). animals were captured with live 
traps and taken alive to the nearest laboratory (Huelva uni-
versity or doñana Biological reserve-csic). Their sex and 

fig. 1. essential (green) and non-essential (red) elements



Chem. Listy, 102, s265–s1311 (2008) Environmental Chemistry & Technology

s304

weight were determined and those of 11–12 g were killed by 
cervical dislocation and dissected. individual livers and kid-
neys were frozen in liquid nitrogen and stored at –80 °c.

T r a n s c r i p t  Q u a n t i f i c a t i o n s
Primer design, rna preparation, reverse transcription, 

and absolute quantification by real-time Pcr. Briefly, Pcr 
reactions were performed in quadruplicate. no primer dimers 
were detected. Primers showed optimal (~ 100%) Pcr effi-
ciencies in the range of 20 to 2 × 105 pg of total rna input 
with high linearity (r > 0.99). an absolute calibration curve 
was constructed with an external standard in the range  
of 102 to 109 rna molecules. The number of mrna 
molecules was calculated from the linear regression of the 
calibration curve (y = –3.326x + 39.693; r = 0.998). 

Microarray-based transcript quantification was per-
formed by using the “Whole Mouse Genome oligo Micro-
array kit” (agilent), which includes 60-mer oligonucleo-
tide probes representing all known genes and transcripts 
(~ 41,000) of the model M. musculus species. approxima-
tely, 20 μg of total rna were converted to fluorescently 
labelled cdna (with cy3-dcTP or cy5-dcTP) following the 
“agilent Fluorescent direct label kit” instructions. Hybri-
dization was carried out in agilent’s sureHyb Hybridization 
chambers at 65 °c for 17 hours using the agilent’s “Gene 
expression Hybridization kit”. The hybridized microar-
rays were then disassembled and washed at room tempe-
rature, as described in the agilent Microarray Based Gene 
expression analysis protocol. To eliminate dye-bias, dye 
swap replicates were performed. Microarrays were scanned 
at 532 and 635 nm using a confocal scanner (axon 4000B). 
The ratio of cy5 to cy3 was adjusted to 1 varying PMT gain  
as a global normalization of each array. The images were ana-
lysed using GenePix Pro v4.1 software (axon) and data were 
subsequently input to Genespring v7.3 software (agilent) for 
further analysis.

2 - d e  a n a l y s i s  a n d  P r o t e i n 
i d e n t i f i c a t i o n

around 50 mg of livers from four male mice/site were 
pooled and homogenized in 20 mM Tris-Hcl, pH 7.6, with 
0.5 M sucrose, 0.15 M kcl, 20 mM dTT (dithiothreitol), 
1 mM PMsF (phenylmethanesulfonyl fluoride), and protease 
inhibitors, at a ratio of 3 ml g–1. Cell debris was cleared by 
centrifugation, and the supernatant treated with benzonase 
and ultracentrifuged. Protein extract (115 µg) was incubated 
30 min in 450 µl rehydration buffer (7M urea, 2% cHaPs, 
20 mM dTT, 0.5% Pharmalyte 3–10, bromophenol blue tra-
ces), spun and loaded on 24 cm (pH 4–7) amersham immobi-
line dry-strips®. after 6 h passive and 6 h active (50 v) rehyd-
ration in a Biorad Protean ieF cell (20 °c, 50 ma strip–1),  
the voltage was raised until obtain ootimum separation. after 
freezing at –80 °c, the strips were soaked 20 min in equili-
bration mix (50 mM Tris-Hcl, pH 8.8, 6M urea, 30% glyce-
rol, 2% sds, bromophenol blue traces) with 65 mM dTT, 
drained and again soaked 20 min in this mix with 25 mM 

iodoacetamide. sds-PaGe was done in 12.5% gels using 
the Biorad Protean® Plus dodeca cell (20 °c) at 2.5 W gel–1, 
10 min, and 10 W gel–1 until separation was finished. Gels 
were silver-stained following a standard protocol compatible 
with Ms analysis. analytical quality chemicals and Milli-Q 
water (Millipore®) were used throughout.

Gel images of three replicates/sample were obtained 
with a Biorad Gs-800 densitometer. spot volumes were 
quantitated using the PdQuest software (v7.1, Biorad). ini-
tially, only spots exhibiting in “santa olalla” lagoon (soL)  
an over/underexpression ratio of at least threefold with 
respect to any other sampling site were considered. one-way 
analysis of variance followed by the student–newman–keuls 
post-test was then used for a definitive selection of the spots 
showing altered expression patterns between the different 
animal groups. differentially expressed spots were manually 
excised, reduced (10 mM dTT), alkylated (55 mM iodoace-
tamide), digested overnight at 30 °C with trypsin (Promega) 
and the peptides extracted with acn/TFa (acetonitrile/
Trifluoroacetic acid). aliquots of 0.5 µl were analyzed by 
Maldi-ToF-PMF (Matrix assisted laser desorption- Time 
of Flight-Peptide Mass Fingerprint) in a voyager de-Pro 
instrument (applied Biosystems) in reflectron mode. PMF 
data were contrasted against mammalian sequences included 
at swiss-Prot (eBi, Heidelberg, Germany) and nonredundant 
ncBi (Bethesda, Md, usa) databases using ProteinPro-
spector (california university, san Francisco, ca, usa) and 
MascoT (Matrix science, london, uk) softwares.

a n a l y s i s  o f  e x t r a c t s  b y  s e c 
c o u p l e d  w i t h  i c P - M s

Extracts were twofold diluted with the mobile phase and 
centrifuged at (11,000 rpm) 15.5572 × 1g for 1 h at 4 °c, and 
latterly filtered through iso-disc poly(vinylidene difluoride) 
filters (25-mm diameter, 0.2-μm pore size) to avoid column 
overloading or clogging. elemental fractionation profiles 
were obtained by size exclusion chromatography (sec) 
coupled to icP-Ms as detector. Two columns were used in 
the experiment: Hiload 26/60 superdex 30 Prep column for a 
separation range below 10 kda (low molecular mass, lMM) 
and a superdex 75 Prep column for a separation range of 
3–70 kda (high molecular mass, HMM), both from amer-
sham Biosciences (uppsala, sweden). These columns were 
calibrated using standards of known molecular mass, such as 
bovine serum albumin (67 kda), metallothionein i (7 kda), 
gastrin rat i (2,126 da) and Gly6 (360 da) for lMW column, 
and bovine serum albumin (67 kda), chymotrypsinogen a 
(25 kda), ribonuclease a (13.7 kda) and metallothionein i 
(7 kda) for HMW column. The void retention time was esti-
mated with bovine serum albumin (67 kda) and blue dextran 
(2,000 kda), for lMW and HMW, respectively.

results
The three -omics approaches (transcriptomics, pro-

teomics and metallomics) have been applied to doñana  
natural Park and the surrounding areas. doñana is an impor-
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tant ecological area, which covers 543 km2 with a great vari-
ety of ecosystems and shelters wildlife including thousands of 
european and african migratory birds, fallow deer, spanish 
red deer, wild boar, European badger, Egyptian mongoose, 
and endangered species such as the spanish imperial eagle 
and iberian lynx. This non-contaminated area was used as 

negative reference (soL) in comparison to the neighbouring 
“domingo rubio” stream (dr1 to dr6) and the positive 
references (Ps and arZ). These areas are contaminated by 
mining, agricultural and industrial effluents (dr1 to dr6 and 
Ps) and by pesticides and fertilizers (arZ) (Fig. 2.).

The mouse Mus spretus is an aboriginal species that 
has been commonly used for environmental assessment  
of this area (x) by means of classical biomarkers, but new 
tools based on recent –omics, such as transcriptomimcs and 
proteomics constitute a promising alternative. However, the 
molecular biology methodologies present problems by the 
fact of poor inclusion of typical bioindicators in gene/pro-
tein sequences database. For this reason we use species close  
to model organisms that are well covered in public databases. 
This is the case of M. musculus, which is studied compara-
telly with M. spretus. These comparisons are only possible  
if genetic homology between both species is proved.

G e n e t i c  H o m o l o g y  B e t w e e n  M . 
m u s c u l u s  a n d  M .  s p r e t u s

a crucial start-point in quantitative rT-Pcr is primer 
design. For absolute transcript quantification it is necessarily 
to design primers that amplify the targets and the calibrator 
with optimal (100 %) Pcr efficiencies. This fact requires  
a great genetic homology between target and calibrant 
species. Primers for rT-Pcr quantification of M. spretus 
cyp and Gst mrnas were designed based on known gene 
sequences from M. musculus. remarkably, these primers, 
when amplified in M. spretus, gave single products exhibiting 
in most cases 100% nucleotide sequence identity. Therefore, 
most designed primers were exactly complementary to the 
desired M. spretus templates and amplified them with 100% 
efficiency. in few cases, however, primers should be redesi-
gned based on nucleotide sequences of Pcr fragments from 
M. spretus. fig. 3 ref.8. 

Therefore, genetic homology between model and bioin-
dicator species was clearly proved.

fig. 2. sampling area

fig. 3. efficiency curves in genetic correlation between M. 
musculus and M. spretus for Gsta3 transcript. ● specific prim-
ers, ○ non-specific primers. x-axis, log total mNrA (pg); Y-axis, 
threshold cycle (Ct)

Fig. 4. sampling area-associated differences in M. spretus he-
patic mrNA levels. Y-axis, nrNA molecules/pg total rNA. White 
bar, SoL non-polluted area; red bar, polluted area
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M u s  S p r e t u s  T r a n s c r i p t  E x p r e s s i o n 
s i g n a t u r e s  i n  c o n t a m i n a e d  a r e a s

We have used the absolute measurement of mrna 
levels from selected key genes (cYPs and GsTs) to biomo-
nitoring the exposure and biological effects of pollutants on 
free-living nonmodel M. spretus. For this purpose the mrna 
molecules of genes coding for different cytochrome P450 and 
glutathione transferases were quantified in mice dwelling at 
both the non-contaminated point sol and contaminated area 
Ps.

as an example, Fig. 4. shows the concomitant up-regu-
lation of some Cyp transcripts in M. spretus Ps population, as 
compared to that at sol in the doñana Biological reserve. 
The possibilities of transcription quantification to assess the 
level of contamination are clearly demonstrated. in addition, 
the absolute Cyp transcript expression signature is depending 
on the type of contaminant (fig. 5.), which can use to identify 
the nature of contamination under consideration.

P r o t e o m i c s  s t u d y  o f  M u s  s p r e t u s
The homology between M. musculus and M. spretus, 

at dna sequence level allows the proteomics evaluation of 

protein expression differences caused by contamination epi-
sodes in Mus spretus, but usinf the gnetinc sequence of Mus 
musculus in protein identificacion by Maldi-ToF-PMF. a 
comparative study at proteomic level of cytosolic fractions 
of liver from M. spretus sampled in doñana and domingo 
rubio stream were performed analysing the extracts by 2-de  
and searching the protein expression differences. over 2500 
spots were resolved in the pH range 4–7 and 14–70 kda Mr. 
image analysis of the gels yielded 36 spots with significantly 
altered expression. of them, 16 proteins were identified by 
Maldi-ToF-PMF and heterologous search against Mus 
musculus databases. When this approach is applied to con-
taminated and non-contaminated points a clear diference in 
spots intensities corresponding to differentially expressed 
protreins was observed, which can be used for the environ-
mental pollution assessment of proteomics. 

M e t a l l o m i c s  a p p r o x i m a t i o n  t o  t h e 
M o u s e  M u s  m u s c u l u s

in this study the presence of unknown metallobiomo-
lecules in M. musculus was studied for the first time. Firstable, 
a general evaluation of the presence of total concentration of 
metal in different organs of the mouse (lung, liver, spleen, 
kidney, brain, testicle, heart and muscle) was performed.The 
experiments were carried out on inbred M. musculus speci-
mens. an you can see the elements considered. Fe is the ele-
ment most abundant in the different organs with an averaged 
concentration of 7,500 µg dm–3 in thecytosolic extracts. other 
elements are Zn (about 2,300 µg dm–3), cu (550 µg dm–3),  
ni (165 µg dm–3), se (145 µg dm–3), and a toxic element such 
as Pb (26 µg dm–3). These elements are differentially distri-
buted in the organs, for example, cu and Zn are mainly pre-
sent in the liver, but Pb in the muscle. an similar comments 
can be addressed to the other elements. 

Metal-biomolecules profiles was obtained with icP-Ms 
as metal tracer, using couplings with size exclusion chroma-

fig. 5. transcripts expression signature related to the type of 
contaminants. Y-axis, nrNA molecules/pg total rNA

fig. 6. Protein expression of liver cytosolic extract from Mus 
spretus

fig. 7. SeC-ICP-MS metal profiles in Mus musculus corre-
sponding to Cu and Pb. HMM size exclusion column for 3,000 to 
70,000 Da; LMM, size exclusion column for 300 to 10,000 Da
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tography to characterize metalbiomolecules molecular mass 
profile, and subsequently in series, on the fractions isolated in 
the previous separation, reverse phase chromatography for a 
further purification of the extracts and biomolecule isolation. 
Two sEC columns were used to discriminate molecules with 
molecular mass range under 10,000 (360 to 10,000 da) and 
between 3,000 and 70,000 da. The results for cu and Pb, this 
latter as example of toxic are shown as examples in fig. 7.

The results obtained for cu and Pb can be summarized 
in the following items:

all extracts showed peaks in the range of 300 and 
2,000 da whatever metal or organ considered. 
a peak was observed in the void volume of the lMM 
column (Mr < 10 kda) for all profiles, although they 
showed low intensities except for Cu that was studied 
in more detail. 
a cu-containing fraction (7–10 kda) was found in the 
brain which was absent in all other M. musculus organs. 
other elements, e.g. Pb, do not have peaks equivalent in 
that range of masses. Therefore, further studies invol-
ving subsequent purification by another chromatography 
technique and isolation of this cu-bound biomolecule 
for Ms identification is being considered. 
The cu and Pb fractions resolved in the HMM column 
were mainly associated with molecules with molecular 
masses from 25 to 67 kda, which are present in all the 
organs for Cu and only in liver for Pb. 
a chromatographic peak associated to cu was detected 
in the molecular mass range 67 to 70 kda for the lung 
extract, and in liver and kidneys for Pb. 
a cu-peak can be observed in liver extract at the void 
volume of the HMM column. 

in Fig. 8. is shown the chromatograms correponding to 
the cytosolic extracts. The main fraction is associated to liver 
and is eluted in the void volume of HMM column. additio-
nal experiments with reverse phase chromatography of this 
isolated fraction and icP-Ms detection reveal that tow peaks 
can result from additional purification of this fraction. 

•

•

•

•

•

•

i n t e g r a t i o n  o f  M e t a l l o m i c s  w i t h 
P r o t e o m i c s  a n d  T r a n s c r i p t o m i c s

The complementary character of the different appro-
aches presented in relation to Mus musculus/Mus spretus and 
the environmental assessment considered prevously claims 
for the integration of these three -omics.

The availability of the complete sequence of an increa-
sing number of genomes allows the developments in proteo-
mics, which can be achieved by electrospray and Maldi-
ToF mass spectrometry. However, many proteins can be 
sensitively detected by icP-Ms due to the presence of icP-
ionizable elements (heteroelements). Therefore the three -
omics are complementary, and in this context the combina-
tion of validated metallomic data with the transcriptome and 
proteome knowledge of a cell is one of the largest challenges 
for future research in this topic.

a crucial question is that better established -omics (tran-
scriptomics and proteomics) support their studies on model 
organisms whose gene/protein sequence are well collected 
in databases. on the contrary, bioindicators currently used in 
environmental studies are non-model organisms absent from 
public databases. The design of primers that allows the con-
firmation of homology in gene expression at the transcript 
level between bioindicators used in environmental studies 
and sequenced model specimens is a very good tool to per-
form environmental metallomics and proteomics. 

This new triple-omics approach (MeProTrans-tri-
ple-oMics) is being applied to the M. musculus-M. spretus 
couple in doñana natural Park for environmental assessment, 
following the steps listed below:

extraction of rna for transcriptomic and of proteins for 
proteomic and metallomic analyses.
Quantification of changes at the transcriptome level by 
means of commercially available microarrays and fur-
ther validation of selected microarray results by absolute 
quantification using real-time rT-Pcr. 
Quantification of changes at the proteome level  
by 2-de analysis and subsequent protein identification 
by Maldi-ToF-PMF.
integration of transcriptomic and proteomic results to 
distinguish transcriptional from post-transcriptional 
changes.
isolation of heteroatom-tagged molecules by size exc-
lusion chromatography fractionation of tissue extracts 
guided by icP-Ms (First dimension) and further purifi-
cation by reverse phase and/or ion exchange chromato-
graphy with icP-Ms on the previous selected fractions 
(second dimension). This metallomic scheme will be 
assisted by 2-de analysis to reveal the complexity of 
the successive sub-proteomes. The purification steps 
involving metallomics and proteomics will be repeated 
until the final isolation of target metal-biomolecules for 
identification by tandem mass spectrometry.

•

•

•

•

•

fig. 8. Chromatographic profiles with HMM column (3,000 to 
70,000 Da)
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validation of metallomic results by Western hybridiza-
tion and/or enzymatic assays, and by absolute quantifica-
tion of transcripts coding the identified metalloproteins.
integrative multidisplinary decision on the optimal 
assay (high sensitivity, low cost and easy to perform) 
to be recommend for routine assessment of differenti-
ally expressed metalloproteins as novel biomarker in 
ecotoxicological studies.

Conclusions
The study of complex systems related with living orga-

nisms, such as the environment or health, in which many 
variables are involved, requires multidisciplinary tools for  
a comprehensive assessment of these issues. 

several –omics, such as transcriptomics, proteomics and 
metallomics, offer a valuable alternative in environmental 
studies since they provide massive information about biomo-
lecules in cells and organisms that help to overcome these 
problems. an overall evaluation of changes that contaminants 
induce in cells is only possible by integration of -omics:

Transcripts induced by pollutants (transcriptomics) 
encode proteins with altered expression profiles, which 
undergo post-traductional modifications (proteomics).
Many proteins related to enviromental issues are bound 
to metals (i.e. cYPs, sods, GPXs, metallothioneins) 
that make advisable the use of metal-tagged techniques 
(metallomics) as preliminary step to simplify proteomic 
and transcriptomic approaches.
 
Proteomics can guide metallomics by checking the pre-

sence of molecules in extracts obtained with the chromato-
graphy-icPMs couplings:

This assists metal biomolecules isolation for mass 
spectrometry identification.
2d analysis provide an image of the number of molecules 
in the extract and their molecular mass 

•

•

•

•

•

•

This triple -omic approach (MeProTran-triple-
oMics) is a very useful and comprehensive alternative in 
the study of environmental issues and the diagnosis of con-
tamination problems. in addition, MeProTrans-triple-
oMics can assist in the validation of traditional biomarkers 
and a more simple cheap and fast assessment of environmen-
tal issues.
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introduction
The content of hazardous substances in atmosphe-

ric deposition significantly contributes to the pollution of 
environment. a lot of studies deals with the research of 
atmospheric deposition, mostly using methods monitoring 
wet deposition, wet and dry deposition (bulk deposition), 
but also methods using fog and low cloud sampling1. The 
solid emissions from the technologies of ores and industrial 
minerals processing by their specific composition influence 
constitution of atmospheric deposition, especially in the areas 
of processing plants. The main emission source in the area 
of nižná slaná is iron-ore mining and processing plant. The 
plant exploits the siderite ore. The run-off-mine ore is through 
several technological centres processed into the blast furnace 
pellets as a final product of the plant. The contribution deals 
with the evaluation of results obtained from monitoring of 
atmospheric deposition in the form of dust fallout (modified 
method bulk deposition). The research was carried out by the 
institute of Geotechnics of the sas in the area of the side-
rite, Ltd. from 2001 to 2007, predominantly from viewpoint 
of heavy metals deposition (Fe, Mn, Zn, Pb, cu, cr, cd, and 
as).

Characteristics of the Plant 
The plant is situated in the slaná river valley in the slo-

vak republic. The valley has an orientation of north-south 
and northwest-southeast, respectively. The wind circs are 
influencing by an orography of given territory. distribution 
of wind directions and the occurrence of calm in the near-by 
rožňava town are shown in Table i. 

exploited deposit is located in the revúca upland Mts., 
the dobšiná foothill belt Mts. of the slovak ore Mts. uti-
lity mineral is siderite. The average content of iron and man-
ganese in ore is 33.5 % and 2.8 %, respectively. Manganese 
is bonded isomorfically in the siderite lattice. There are also 
unfavourable elements (as, s, Pb, Zn) that occur as, sulphi-
des, sulphates, sulphosalts and oxides. The most significant 
unacceptable impurity is arsenic that is present in the form of 
arsenopyrite. The average content of as in the run-off-mine 
ore is approximately of 0.01–0.1 %. ore processing consists 
of crushing, magnetizing roasting, wet milling, magnetic 
separation and pelletizing. Primarily, thermal technologies, 
i.e. pelletizing and magnetizing roasting are responsible for 
the amount of dust outlet. flue gases are exhausted to the 
environmental air through 120-meter high chimney after 

several stages of dedusting. Table ii presents the average con-
centrations of the selected elements in the dust outlet from 
pelletizing plant and rotary furnaces. The emissions of solid 
pollutants from 1998 to 2007 are shown in the Table iii.

material and methods
The samples of dust fallout were taken in the 30 days 

( ± 3 days) intervals from the seventeen sampling stations. 
The cylindrical plastic sedimentation containers (inside dia-
meter – 12.5 cm), put in two support stands in the height of 
2.5 to 3 m, were used for the sampling. The containers were 
filled with 250 ml of pure water with addition of isopropanol. 
after sampling, the content of containers was quantitatively 
located to evaporating dishes and evaporated. The organic 
mass was removed by annealing of dry matter at 450 °c. The 
chosen temperature prevented carbonate degradation and in 
such way enables to avoid the misinterpretation of dust fallout 
gravimetry results. The samples were gravimetrically eva-
luated before and after annealing, in the mass units recalcu-
lated for the area and the respective time period. inorganic 
portion determined by annealing from twelve month period 
was cumulated to the one sample and after mineralization it 
was analysed using aas (spectraa – 30 varian). on the 
basis of these chemical analyses and mass yield of the dust 
fallout, the average annual depositions by observed heavy 
metals were calculated for each of the seventeen sampling 
points. The localization of sampling stations is illustrated in 
fig. 1.

results and Discussion
The average year values of total deposition for whole 

monitored period determined for individual sampling points 

fig. 1. Sampling locations in the area of Nižná Slaná
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were in the interval 8.6–32.5 g m–2 y–1. in most of sampling 
points a significant increase of solid pollutant emissions in 
2005 till 2007 comparing with previous years was not de-
tected (total dust fallout). on the other hand, the significant 
increases of Fe, Mn and as deposition values were recorded 
using dust fallout analysis in the most of sampling stations. 
The samples of dust fallout were also subjected to X-ray 
diffraction (Xrd) analysis. Thus, minerals such as quartz, 
chlorite, siderite, ankerite were detected. These minerals 
come from raw ore handling but also as a result of aeolation 
from surrounding environment. on the other side hand there 
are minerals, namely hematite, maghemite, magnetite and 
wüstite coming from the thermal technologies of the plant2.

Table iv presents average values of deposition of 
selected heavy metals and basic statistic parameters for the 
whole monitored period and all sampling points. Qualitative 
composition of dust fallout unlike of its quantity significantly 
contributed to the ecological load of the individual sampling 
points that was caused by plant activities. Between various 
sampling points high differences in the deposition were 
determined mainly for Fe, Mn and as. There were not so high 
differences in the deposition with others elements. The most 

ecological load was situated in the south of the plant, in the 
central part of the valley. The statistical dependence between 
emissions of solid pollutants and deposition of observed 
metals (annual median) in the individual years by correla-
tion analysis was evaluated. relatively high positive values 
of correlation coefficient were calculated for manganese, iron 
and arsenic, namely 0.794, 0.764 and 0.749, respectively. 
correlation coefficients for other elements were relatively 
low. The development of selected metal deposition (median) 
and the emissions of solid pollutants for the whole monito-
ring period is showed in fig. 2.

in the slovak republic there are not determined allo-
wable limits for heavy metals deposition from dust fallout. 
That is the reason why relative comparison of heavy metal 
depositions for different localities is used for assessment of 
immission load. 

in the nižná slaná locality, Fe deposition achieves high 
values because of solid pollutants emissions consist mainly 
of iron minerals. fe depositions monitored in the individual 
stations were in the range from 1.221 to 9.636 mg m–2 y–1. 
in košice town with metallurgy industry, the values varied 
from 232 to 7.568 mg m–2 y–1(ref.3). in the czech republic 

Table i
Percentage of the wind directions and calm in the rožňava town [%]

 n n-e e s-e s s-W W n-W calm
 38 8 6 2 25 2 3 6 10

Table ii
The content of the selected elements in the solid dust outlets from thermal technologies

 Technologies Fe Mn Zn Pb cu cr cd as
 [%] [ppm]
 Pelletizing 30.4 3.48 94 32.6 99 39 25 636
 rotary furnaces 27.8 2.12 200 127 170 63 24 176

Table iii
The emissions of solid pollutants from the plant (1998–2007) [t year–1]

 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
 156.4 116.3 116.9 86.7 32.9 63.3 63.8 121.5 155.8 148.4

Table iv
The average deposition of selected heavy metals and total deposition in the area of nižná slaná (2001–2007)

 Parameter Total dep. Fe Mn Zn Pb cu cr cd as
      [mg m–2 year–1]
 Minimum 8,621.0 1,221.0 60.9 9.54 0.35 1.67 1.09 0.033 1.49
 Maximum 32,537.0 9,636.0 631.3 63.12 2.81 5.73 4.36 0.078 28.84
 average (n  =  17) 18,155.0 4,543.0 272.7 23.34 0.93 3.38 2.58 0.050 11.07
 Median 17,173.0 4,423.0 265.0 17.68 0.68 3.27 2.59 0.048 8.77
 sd  6,996.0 2,288.0 160.6 16.59 0.65 1.05 1.05 0.012 7.50
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in 2005 (measured for subsystems of basic and contaminated 
areas), ten times lower fe deposition was determined in 
comparison with area of nižná slaná (69–1,002 mg m–2 y–1) 
(ref.4).

The highest contents of manganese in dust fallout were 
detected in the area of nižná slaná and Jelšava with maxi-
mum deposition values of Mn 631.3 and 406.4 mg m–2 y–1, 
respectively3. average values exceeded 200 mg m–2 y–1. 
in past, the most manganese loaded territory was the loca-
lity dolný kubín that is located nearby iron-alloy factories 
istebné, where the maximum deposition Mn value from dust 
fallout was 668 mg m–2 y–1(ref.5). in other parts of slovakia, 
average deposition of Mn from dust fallout were 3.6 and 
34.4 mg m–2 y–1 in the slovak Paradise and košice, respecti-
vely3. in the case of nižná slaná and Jelšava, the main man-
ganese sources were iron-ore mining factories, magnesite 
factories and raw materials (siderite, magnesite) treated in 
these factories. in the czech republic in the monitored terri-
tories the average deposition of Mn was 13.6 mg m–2 y–1 and 
the maximum deposition was 68.3 mg m–2 per year4.

The deposition values of Zn in the nižná slaná area 
were in the interval 9.5–63.1 mg m–2 y–1 with the average 
value of 23.3 mg m–2 y–1. in general, these values are not very 
high. in the czech republic, the average atmospheric deposi-
tions of Zn were 50.6 and 54.3 mg m–2 y–1 and the maximum 
was 206 mg m–2 y–1(ref.4). in the agricultural area austria 
and england, the measured values of zinc deposition were 

in range from 21.4 to 48.9 mg m–2 y–1 respectively 22.1 to  
35.6 mg m–2 y–1(refs.6,7).

The deposition of Pb was relatively low (0.11–
2.44 mg m–2 y–1) in the locality of nižná slaná. The maxi-
mum content of Pb (21.89 mg m–2 y–1) from dust fallout was 
measured in krompachy, while the main source of solid 
pollutions was cooper smeltery3. in past, in slovakia, there 
was determined the maximum content of Pb in dust fallout 
(380 mg m–2 y–1) in the locality of Prievidza, that was caused 
by steam brown coal combustion5. The deposition of Pb was 
5.4 to 13.9 mg m–2 y–1 in England and Wales6. in austria, the 
measured values were 1.90–5.44 mg m–2 y–1(ref.7).

The deposition of cu achieved low values in nižná 
slaná (1.74-5.68 mg m–2 y–1). High copper deposition 
(128.26 mg m–2 y–1) was measured in krompachy3. The 
values in austria and england were in range from 6.24 up to 
14.70 respectively 22.1 to 35.6 mg m–2 y–1(refs.6,7) .

The average depositions of chromium in nižná slaná 
were in the interval from 1.19 to 4.77 mg m–2 y–1. The average 
depositions of chromium from dust fallout in the slovak Para-
dise and Jelšava were 0.64 and 10.52 mg m–2 y–1, respecti-
vely. The maximum measured value was detected in košice 
(14.62 mg m–2 y–1)(ref.3). in the czech republic, atmospheric 
deposition monitoring revealed values in the range from 0.21 
to 2.81 mg m–2 y–1 and in austria in the interval from 0.72 to 
1.95 mg m–2 y–1(refs.4,7). in england and Wales, the cr values 
were in range from 0.75 to 2 mg m–2 y–1(ref.6).

The deposition values of cadmium in the nižná slaná 
were in the range from 0.033 to 0.084 mg m–2 y–1. This is rela-
tively low value. in košice and Jelšava, the measured average 
values were 0.678 and 0.742 mg m–2 y–1, respectively3. in the 
czech republic, the atmospheric deposition monitoring de-
tected values in the range from 0.025 to 1.230 mg m–2 y–1 
and  n austria in the interval 0.146–0.325 mg m–2 y–1(refs.4,7). 
The deposition of Cd was 0.19 to 0.61 mg m–2 y–1 in England 
and Wales6.

relatively high values of arsenic deposition were regis-
tered in the locality of nižná slaná. The average values in 
the monitored areas were in the interval of 1.28–29.28 mg m–

2 y–1. The source of arsenic is arsenopyrite that is present 
in siderite batch. The maximum arsenic value was detected 
from sampling station no.5 that is close to the factory. This 
value is two fold times higher that the maximum value from 
krompachy, where the measured value was 14.588 mg m–

2 y–1(ref.3). in the relative pure area of slovak Paradise, the 
recorded values of arsenic deposition were from 0.044 to 
0.155 mg m–2 y–1(ref.3). The atmospheric deposition moni-
toring in the czech republic registered values from 0.21 
to 2.81 mg m–2 y–1(ref.4). in past, in the slovak republic, 
maximum content of as in dust fallout was 35 mg m–2 y–1 in 
the locality of Prievidza (effect of steam brown coal com-
bustion with high concentration of as)5. The average values 
for atmospheric deposition in the czech republic were  
0.50–0.67 mg m–2 y–1 and maximum arsenic value was  
2.11 mg m–2 y–1 in 2005(ref.4). in england and Wales, the as 
values were in range from 0.31 to 1 mg m–2 y–1(ref.6).

fig. 2. Development of selected metal deposition (median) and 
the emissions of solid pollutants (2001–2007)
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Conclusions
The detailed analysis of dust fallout from the locality of 

siderite, Ltd. factory revealed the extent of ecological load. 
in comparison with others localities, this area is the most 
influenced with heavy metals (iron, manganese and arsenic). 
This fact reflects the composition of siderite and applied tech-
nological treatments of siderite ore in the factory. although 
relatively small territory was monitored, the significant dif-
ferences are detected. There are many different factors, for 
example: meteorological, orographic, emissive, binding and 
particle sedimentation mechanisms with linkage to impurities 
and also others factors. although the method of measuring 
of dust fallout is laborious with some mistakes, the relative 
evaluation of individual localities imission load provides 
applicable results.

This work has been supported by Slovak grant agency VEGA 
project No. 2/0131/08.
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introduction
agricultural soils represent complex multiphase mul-

ticomponent material which requires adequate methods of 
chemical analysis. Content of elements represents important 
parametre which relates to nutrition of plants on one side and 
a contamination with toxic elements on the other side. for 
intake of elements by plants only selected elemental forms 
(species) are bioavailable. speciation or fractionation based 
on selective leaching of particular species followed by ato-
mic absorption spectrometry or inductively coupled plasma 
optical/mass spectrometry (icP-oes, icP-Ms) analyses of 
resulting solutions are employed for this purpose. neverthe-
less, total elemental contents, which comprise also elemental 
forms that are insoluble in leaching media or by the action of 
plants, might be interesting for overall characterisation of a 
particular soil. in this case, total sample decomposition pro-
cedures based on the action of a mixture of mineral acids or 
a sample fusion with a suitable melt are applied to dissolve 
resistant minerals and desintegrate possibly present silicate 
lattice.

However, some methods for direct analysis of solids 
are more advantageous because of elimination of possible 
analytes losses and minimization of risk of contamination. 
For this purpose, X-ray fluorescence (XrF) spectrometry1 is 
frequently and routinely used. laser-assised plasma spectro-
metry techniques, such as laser induced breakdown spectros-
copy2, and icP-oes or icP-Ms in connection with laser 
ablation (la) seem to be promising tool for soil analysis.3–7

The aim of this work consists in establishing new 
methods of soil elemental analysis using la-icP-oes/Ms. 
artificially intentionally contaminated archive soil samples 
were employed. Toxic metals cr, ni, cu, Zn and Pb were 
considered in the method developement. for the method 
validation, these soil samples were subjected to icP-oes 
analysis of solutions obtained by total decomposition using 
mineral acids. seleted soil standard reference materials were 

also analyzed. independent results acquired by XrF analysis 
of soil sample pellets were used for confirmation of accuracy 
of solution analysis by icP-oes.

Besides the total elemental content determination, 
selected soils were characterized by means of the five-step 
extraction procedure to asses elemental fractions bound to 
particular soil phases. This information might be important 
for explanation of possible matrix effects associated with 
processes of la.

a selection and preparation of a suitable binder repre-
sents the indispensable step in the development of ablation 
– based methods. in our work we investigated a silica sol-
gel matter preparation and its mixing with soil samples. The 
binder was then successfully applied in la-icP-oes/Ms 
methods. The accuracy of the developed methods was con-
firmed by analysis of certified reference materials of soils 
(GBW07405 – 07).

Experimental
s o i l  s a m p l e s 

Experimentally contaminated agricultural soils repre-
senting various soil types belong to archived materials of the 
central institute for supervising and Testing in agriculture 
(ukZuZ), Brno, czech republic.

studied trace elements cr, ni, cu, Zn, Pb occur in the 
concentration ranges as shown in Table i.

The soil samples were ground in a ball mill and dried 
to constant weight. The particle size of ground samples was 
measured by laser diffractometry and the particle diameter 
did not exceed 30 µm.

The solution analysis by icP with pneumatic nebuliza-
tion, (Pn-icP-oes) was carried out after the sample decom-
position with a mixture of HF and Hclo4(ref.5) The soil-wax 
pellets for XrF analysis were prepared as a mixture of 4 g 
of a soil powder and 0.9 g of wax. The mixture was homo-
genized in a ball mill and then pressed by a hydraulic press 
to a pellet with a diameter of 32 mm. sequential extraction 
was performed using five reagents with a different strength 
(Table ii)8,9. The sol-gel method, allowing homogenous dis-
persion of internal standard (sc) and analytes in calibration 
pellets, was applied for analysis of tested soils by la-icP-
Ms10.

Table i
concentration range of tested soils and rsd values for 
Pn-icP-oes

 Element C range [mg kg–1] rsd [%]
 Cr 21–590 3.7–1.7
 ni 3.5–262 14–0.9
 cu 11–242 2.5–3.2
 Zn 51–1355 2.7–0.5
 Pb 22–1015 2.7–1.6
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s o l - G e l  T e c h n i q u e
sol-gel is an amorphous solid prepared via sol-gel pro-

cessing, in which a colloidal suspension (sol) is first formed 
by mixing a silicon (e.g. tetraethoxysilane-Teos) alkoxide 
precursor, water, a co-solvent and an acid or base catalyst. 
alkoxyl groups are removed by acid- or base-catalysed hyd-
rolysis reactions (eq. (1)), and networks of o – si – o linkages 
(gel) are formed in subsequent condensation reactions, which 
can produce either water or alcohol as shown in equations 
(2) and (3), involving hydroxyl groups11. internal standard is 
integrated with the sample during gelation process.

Hydrolysis:

si(or)4 + H2o  →  si(or)3oH + roH (1)

Condensation:

X3sioH + HosiX’3  →  X3si – o – siX’3 + H2o (2)

X3sior + HosiX’3  →  X3si – o – siX’3 + roH (3)

an archive soil sample with the lowest content of cr, ni, 
cu, Zn and Pb spiked with solutions of elements of interest 
was used for the preparation of calibration samples. Twenty-
two soil samples and three certified reference material of soils 
(GBW07405 – 07) were analyzed by developed la-icP-Ms 
method and the obtained contents were compared with results 
of independent methods (XrF, icP-oes). 

The real soil samples were treated by the following 
procedure: 1.2 g of soil was weighed into a 50 ml beaker 
and 3 ml of Teos, 6 ml of ethanol, 1.5 ml of water, 20 µl 
of the sc standard solution (100 mg ml–1) and two drops of 
0.01 mol dm–3 Hno3 were added. The beakers were put into 
a thermostated water bath maintained at ~  75 °C under ultra-
sonic stirring for ~  1.5 h to reach the complete gelation. after 
20 min., 5 ml of water was added. The gelled materials were 
dried overnight in an oven at 110 °c. The sol-gel samples 
were manually ground and pressed into pellets with 12 mm 
in diameter and 1 mm thickness10.

i n s t r u m e n t a t i o n
a Jobin Yvon 170 ultrace with laterally viewed icP 

was used for solution analysis. The icP system combines a 

monochromator and a polychromator. The monochromator 
was set on the Pb ii 220.353 nm line and other four studied 
analytes were measured with the polychromator of a Pas-
chen runge montage using analytical lines cr ii 267.720 nm, 
ni ii 231.608 nm, cu ii 324.759 nm and Zn i 213.860 nm.

The XrF analysis was performed on an energy-disper-
sive XrF spectrometer (sPecTro XePos) by polarized 
radiation, equipped with a Pd X-ray tube and a si-detec-
tor. The real unknown samples were analyzed by the Tur-
BoQuanT method, which is able to analyze the elements 
na-u.

The la-icP-Ms was performed with a laser ablation 
system uP 213 (new Wave, usa) and an icP-Ms spectro-
meter agilent 7500 ce (agilent, Japan). a commercial Q-
switched nd:YaG laser, operated at the wavelength of 213 
nm with the 5th harmonic frequency, was used for ablation. 
The ablation device is equipped with programmable XYZ-
stages that allowed sample movements during the ablation 
process. The samples were placed into the supercell (new 
Wave, usa) and were ablated by the laser beam, which was 
focused onto the sample surface through a quartz window. 
The ablated material was transported by flowing He to the 
icP.

results
The total contents of trace elements were determined 

using icP-oes after total decomposition. XrF spectrometry 
was chosen for result comparison. relative standard deviation 
of the total decomposition method and concentration range 
of tested soils can be found in Table i. Higher rsd value 
might be due to sample inhomogeneity and uncertainty of 
the measurement at low element concentration. satisfactory 
agreement was found for icP-oes solution analysis and 
XrF spectrometry. correlation coefficient r values exceeded 
0.994. comparison of Pn-icP-oes and XrF determination 
of zinc as an easily leachable element is presented in Fig. 1.

a five-stage sequential extraction procedure was used 
for the determination of the speciation of extractable heavy 

Table ii
sequential extraction procedure

 step Metal phase reagent
 1 exchangeable 1 M naoac (pH  =  8.2)
 2 carbonate 1 M naoac (pH  =  5)
 3 Mn-Fe oxides 0.04 M nH2oH . Hcl 
   in 25 % Hoac
 4 organic 0.02 M Hno3, 30% H2o2(pH  =  2),
   3.2 M nH4oac in 20% Hno3
 5 residual conc. HF, Hclo4, Hcl

fig. 1. Comparison of results obtained by xrf analysis and 
PN-ICP-oeS of soil extracts for Zn I 213.860 nm
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metals by Pn-icP-oes. The results as a sum of the five 
extraction steps were compared with those obtained after 
total decomposition and by XrF spectrometry. efficiency 
of soil extracts to pressed pellets together with correlation 
coefficients are presented in Table iii. The best efficienty of 
extraction can be observed for lead and zinc. efficiency of 
extraction depends on the binding to minerals with different 
solubility. low efficiency of chromium can be explained by 
binding to poorly soluble chromspinels and chromite12,13. 

The soil samples were analysed to evaluate the possibi-
lity of quantitative elemental analysis by laser ablation. The 
results for la-icP-Ms were compared with the results of 
XrF as a method representing another type of direct analysis 
and with the results of solution analysis by icP-oes as an 
ordinary method. in the case of cr, slightly lower concent-
ration values were yielded for the total decomposition using 
Pn-icP-oes than for both direct analysis methods, which 
can be caused by the incomplete decomposition of Cr in acids 
(fig. 2.).

The calibration was performed using spiked sample pel-
lets. The soil with a low content of elements of interest was 
spiked with seven concentration levels to obtain a calibrated 
range from 24 to 965 mg kg–1. The calibration curves were 
fitted by a computer program Winstat. all calibration plots 
were linear over the whole concentration range. intercepts of 
the regression lines were tested by t-test and were statistically 
insignificant (ta  <  t0.05;n-2) for all studied elements. Correla-

tion coefficient r values were in the range of 0.997–0.999. 
Calibration line for copper with scandium as internal stan-
dard is presented in fig. 3. 

repeatability of ablation was described as rsd % which 
was calculated from three measurements of ablation signal on 
the different locations of each pellet. The rsd values did not 
exceed 8%. 

The accuracy of the method was confirmed by analysis 
of three crM soils. results of crM GBW 7407 by la-icP-
Ms and certified values are given in Table iv.

Conclusions
Monitoring of the heavy metals in agricultural soils is gai-

ning the importance because these elements can be accumu-
lated by plants and thus enter the food chain. To obtain total 
elemental content of cr, ni, cu, Zn, Pb the decomposition 
with HF and Hclo4 by icP-oes was used. The sequential 
extraction procedure providing more information than total 
concentration determination was used to study bioavailabi-
lity of metals. Methods of total decomposition are very leng-
thy and sometimes even not fully efficient therefore direct 
methods are more convenient in such a case. XrF analysis 
of soil pellets prepared with a wax binder and la-icP-Ms 
of perfectly homogenized pellets using sol-gel method repre-
sented the direct methods.

The results of direct methods were compared with those 
obtained by Pn-icP-oes. a satisfactory agreement was 

Table iii
comparison of efficiency of extraction by Pn-icP-oes to 
XrF analysis

 element efficiency [%]
 Cr 63
 ni 82
 Cu  80
 Zn 102
 Pb 96

fig. 2. Comparison of la-iCP-ms and Pn-iCP-oEs after to-
tal decomposition results for Cr as a barely leachable element

Table iv
comparison of crM GBW07407 soil analysis results by 
la-icP-Ms and certified values; the uncertainty intervals 
are calculated on a 95 % confidence level

 Method [mg kg–1] la-icP-Ms  certified value
 cr 432 ± 28 410 ± 23
 ni 269 ± 27 276 ± 15
 cu  84 ± 8 97 ± 6
 Zn 139 ± 15 142 ± 11
 Pb 15 ± 3 14 ± 3

fig. 3. Calibration graph for Cu with internal standardization 
by Sc
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found for all three methods applied to the studied elements, 
except for chromium as was mentioned. 
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introduction
organochlorine compounds such as polychlorinated 

biphenyls (PcBs) or organochlorine pesticides (ocPs) are 
known as persistent organic pollutants (PoPs). despite the 
ban on production or restrictions on use many years ago the 
PoPs still continue to be found in various samples from the 
environment and accumulate through the food chains. for 
their top position within the food chain and the sensitivity 
to environmental changes birds of prey are very suitable bio-
accumulation markers. The amount of pollutants accumula-
ting in the raptors’ tissues is related not only to their diet and 
corresponding trophic position, but also to the differences in 
accumulation among habitats and ecosystems (aquatic vs. 
terrestrial)1. Moreover, sensitivity also varies greatly between 
compound and species2.

However, it is difficult to use birds for the assessment 
of pollutant transfers within the food web, except for those 
species partly associated with the aquatic habitats where the 
transfer can be documented in some measure. for instance 
the cormorant or heron are fish feeders and top predators in 
aquatic ecosystems, have relatively high levels of PoPs in the 
adipose tissue, and hence are suitable bioindication species3. 

Because practical and ethical reasons, low numbers and 
often legal protection inhibit the sacrifice of free-living ani-
mals, methods for non-destructive biomonitoring have been 
developed. Whereas many studies have previously focused 
on the use of eggs or hair, feathers, on the other hand, have an 
advantage that they can be collected irrespective of season, 
age or sex4. another simple approach consists in the use of 
specimens found dead.

in the czech republic, the levels of PcBs in unhatched 
eggs from raptors were monitored. no intra- or interspecies 
differences were found and the findings corresponded to 
those from Germany, canda or the usa, where the cB 153 
was the most abundant congener5.

This study deals with the levels of organochlorine pol-
lutants in various tissues of raptor species from the czech 
republic and compares the results with those from foreign 
surveys.

Experimental
The sampling area as well as the raptor and fish species 

and their detailed description have already been published6. 
selected tissue samples of investigated specimens were 

homogenized and dessicated by activated anhydrous sodium 
sulphate. Two different extraction techniques were employed 
for the isolation of lipids from the tissues. The samples of 
muscles, kidneys and liver were extracted by petrolether 
(suprasolv, Merck) by means of accelerated solvent extrac-
tion (140 °c, 12 MPa, 3 × 5 min static extraction + n2 purge). 
The samples of brain, skin, feathers and intestinal content 
were extracted by petrolether:acetone (1 : 1, v/v) for 6 h in 
a soxtec apparatus. The removal of lipids from raw extracts 
was carried out on an adsorption column packed with flori-
sil (5 g; 60/100 mesh, sigma-aldrich, activated at 600 °c for 
6 h). The samples were then eluted with 90 ml of n-hexane:
diethylethere (94 : 6, v/v), evaporated to dryness using a 
rotary evaporator, and dissolved in 1 ml of n-hexane.

The quanification of target analytes was carried out 
by HP 6890n high resolution gas chromatograph with two 
micro-electron capture detectors (63 ni m-ecd) and two 
capillary columns (HT-8 and dB-17ms) operated in parallel 
(H2 as the carrier gas). nine-point calibration curves in a 
linear range from 0.5 to 1,000 ng ml–1 were used and the limit 
of quantification (loQ) for all analytes was calculated as 
2.5 ng g–1 of lipids (i.e. about 0.13 ng g–1 d.w. for 4% lipid 
content in a tissue).

results
The levels of organochlorine pollutants found in the 

muscle tissue of cormorants from the Záhlinice area (2007) 

fig. 1. organochlorine pollutants in muscle tissue of common 
cormorant from the Záhlinice area (n  =  8). Horizontal lines rep-
resent median, rectangles delimit the 1st and 3rd quartiles, and 
error bars represent the min/max values. outlying values are 
marked as “+” (2007).
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are presented in Fig. 1. PcB congeners 138, 153 and 180, 
and the p,p’-dde were the most abundant compounds. as 
can be read in this graph, there are significant differences in 
the levels of organochlorines in samples of different speci-
mens. due to its higher content of lipids, compared with the 
other tissues, skin was by far “the most contaminated” tis-
sue (approx. five times higher levels of PcBs and ocPs). 
Extreme values exceeded 5,000 ng g–1 w.w. for the sum of 
7 PcB congeners, and ddT and its metabolites reached even 
higher levels. interspecies differences in the concentrations 
of PoPs are shown in fig. 2.

comparison of fish and raptors’ tissues from the Záhli-
nice area showed an increase in the concentrations of PoPs 
towards higher levels of the food chain and the process of 
accumulation of PoPs was clearly illustrated.

Conclusions
investigated raptor species including cormorant, grey 

heron and buzzard lived up to their reputation of being the 
most contaminated members of food chains. Cormorants and 
grey heron top the aquatic food chain and hence the levels of 
organochlorines found in their tissues were significantly hi-
gher than those in their fish prey. The results can be well com-
pared with other findings not only within the czech republic 
a prove fish and birds of prey to be suitable bioaccumulation 
markers.
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introduction
in oceanography, aluminium is used as a tracer to finger-

print the location and magnitude of atmospheric dust depo-
sition. aluminium is particularly suitable as a tracer because 
of its short residence time in surface seawater, its relatively 
simple seawater chemistry and the fact that primary input to 
the open ocean is by atmospheric deposition. The informa-
tion supplied by surface aluminium concentrations is vitally 
important to understanding the role that aeolian deposition 
plays in supplying trace elements to the surface ocean and 
subsequent effects on biological processes. The information 
is especially important for furthering knowledge of the bio-
geochemistry of iron. iron is of particular interest because 
it is an essential element for the growth and metabolism of 
all marine organisms despite only being available in extre-
mely low concentrations (0.1–0.5 nM)1. iron has been shown 
to limit phytoplankton growth, which in turn may have 
implications on global climate through drawdown of gases 
used in photosynthesis, such as carbon dioxide. an accu-
rate and robust method for determining aluminium is thus 
vital for continuing studies into atmospheric deposition and 
subsequently climate control.

Flow injection analysis (Fia), has typically been used 
for the quantification of aluminium in seawater, due to its 
portability for shipboard use, suitable limit of detection and 
relative ease of use. However, this technique still requires 
preconcentration of as much as 10 ml of seawater in order to 
achieve the required sensitivity2. other common techniques 
for the determination of trace concentrations of aluminium, 
such as icP-Ms, are unsuitable for use at sea due to the size 
of the instrumentation as well as the amount of sample pretre-
atment required. 

chromatographic techniques have become increasingly 
popular for the quantification of aluminium in recent years. 
ion chromatography has successfully been used for the sepa-
ration of aluminium in a selection of matrices including natu-
ral waters3–6 and biological samples7. The technique is rela-
tively simple and can be coupled with a variety of detection 
methods such as uv-vis and mass spectrometry, allowing 
for both high selectivity and sensitivity.

chelation ion chromatography (cic) offers an alterna-
tive to traditional ion-exchange ic, particularly for samples 
of high ionic strength. cic functions by retaining metal ions 

according to the stability of the corresponding complexes and 
allows for the separation and preconcentration of aluminium 
in complex samples. in addition, cic also offers the advanta-
ges of using only one type of material for both preconcent-
ration/matrix elimination and separation and also the ability 
to acquire a simplified chromatogram identifying only kine-
tically-labile and chemically inert species8,9. ion-exchange 
interactions are likely to occur simultaneously; however, high 
ionic strength eluents are typically used to ensure chelation is 
the dominant mechanism.

The iminodiacetic acid functional group has been shown 
to be a highly promising ligand for the separation of metal 
ions by cic10. our previous work has shown the applica-
bility of iminodiacetic acid functionalised silica (idas) to 
the determination of aluminium in paper mill process water11. 
This work detailed the optimised separation conditions of an 
idas packed column including eluent composition, flow-
rate and column temperature. Good separation in a complex 
matrix was achieved, with high column efficiency.

The most commonly used method for the detection of 
aluminium at low concentrations is the highly sensitive fluo-
rescent detection of its lumogallion complex. This approach 
has been applied successfully to the determination of alumi-
nium in a wide range of samples, including those with a high 
salt content, e.g. saline water and body fluids. nishikawa 
and co-workers were the first to describe application of the 
technique to seawater and the batch method has since been 
incorporated into Fia systems 12. The limit of detection for 
the technique has been improved through the addition of sur-
factants and through optimisation of conditions such as pH 
and temperature.

This paper is a continuation of our work with idas but 
for the specific purpose of the direct determination of alumi-
nium in seawater. The determination of al in seawater poses 
a myriad of potential problems including sample matrix inter-
ferences and extremely low concentrations. We have develo-
ped a HPcic method coupled with fluorescent detection of 
the aluminium-lumogallion complex. The system has been 
successfully applied to seawater samples obtained in the ross 
sea, antarctica.

Experimental
a p p a r a t u s

a Metrohm 844 uv/vis compact ic was used for all 
analyses. The system delivered the eluent at 0.3 ml min–1 and 
was set up with a post-column reactor, consisting of a 2 m 
PTFe reaction coil (1/16” × 0.02”). This reactor was immer-
sed in a water bath for heating above room temperature. Peri-
staltic pump tubing delivered the Pcr reagent at a constant 
flow-rate of 0.36 ml min–1. a 20 µl sample loop was used 
unless specified.

a column heater set to 71 °c housed a 200 × 4 mm i.d. 
column packed with 5 µm idas (JPP chromatography ltd, 
uk). detection was carried out using a varian Prostar 363 
fluorescence detector fitted with a xenon lamp. The excita-
tion and emission wavelengths were set to 500 and 550 nm 
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respectively. The detector and compact ic were connected 
through a Metrohm 830 ic interface.

r e a g e n t s
all reagents were of an analytical grade. a nacl-Hno3 

eluent (unless otherwise indicated) was made from stock 
2M and 1M solutions respectively. all solutions were pre-
pared from a Milli-Q element purification system, (Mil-
lipore, north ryde, nsW, australia). a stock 1M Mes 
(sigma, castle Hill, nsW, australia) buffer was made and 
pH adjusted to 6.05 (unless otherwise stated) with concent-
rated naoH. a stock 2M nH4oac buffer was prepared from 
trace metal grade concentrated acetic acid (GFs chemicals, 
Powell, ohio, usa) and ammonia solution (isopiestic dis-
tilled concentrated nH4oH) and pH adjusted to 6.8. a stock 
3mM lumogallion (Pfaltz and Bauer, Waterbury, cT, usa) 
solution was prepared and refrigerated in dark conditions for 
up to 2 months. Working lumogallion buffers were prepared 
daily as were aluminium standards.

s a m p l e s
surface seawater was collected aboard the research 

vessel nathaniel B Palmer (usa) by means of a towed fish. 
samples were collected at a depth of approximately 7 m 
using trace metal clean procedures. The seawater was filtered 
(0.25 µm) and acidified to pH 2 using trace metal clean Hcl.

results
s e p a r a t i o n  C o n d i t i o n s

optimum operating conditions for the separation of alu-
minium in complex matrices using idas have previously 
been detailed elsewhere11. The only modification to these 
conditions was the use of nacl rather than kcl in the eluent. 
The reason for this was the availability of high grade chemi-
cal reagent in order to ensure low background fluorescence. 
in summary these conditions were a 0.25M nacl–40mM 
Hno3 eluent delivered at 0.3 ml min–1 with separation on a 
200 × 4 mm i.d. column packed with 5 µm idas at 71 °c.

B a c k g r o u n d  F l u o r e s c e n c e
a significant dip in fluorescence away from the baseline 

before the elution of aluminium was observed in preliminary 
experiments. This dip was up to one fifth the size of the peak 
of a 0.1 ppm aluminium standard. it was decided that the 
probable cause was high background fluorescence due to the 
reagents used to prepare the eluent, in particular the chloride 
salt. initially, kcl was used for the preparation of the eluent 
and despite choosing an analytical grade kcl, the level of 
aluminium contamination was obviously high. a solution to 
this was the addition of a trap column positioned before the 
separation column. The column was packed with Eichrom 
diphonix® resin (particle size 100–200 mesh). This resin has 
diphosphonic and sulfonic acid groups bonded to a polysty-
rene/divinylbenzene matrix. it is capable of extraction of a 
range of metals from both neutral and highly acidic solutions. 
The column, measuring 250 × 4 mm i.d., effectively removed 

the majority of the aluminium from the eluent, reducing the 
dip by a factor of 25. in addition, trace metal grade sodium 
chloride and nitric acid were used in the eluent for subsequent 
experiments.

o p t i m i s a t i o n  o f  L u m o g a l l i o n 
C h e m i s t r y

Buffer and ph
Work by Howard and co-workers13 previously reported 

the optimum pH of the aluminium-lumogallion reaction to 
be between 4 and 5.5. resing and Measures later found the 
maximum response to be in a much narrower range between 
pH 5 and 5.5(ref.12). Based on this fact, Mes was chosen 
as the buffer for initial experiments given its pka of 6.27 at 
25 °c and subsequent useful buffering range14. although ini-
tial chromatograms of a 1 ppm aluminium standard, using a 
40mM Mes solution at pH 6.2, were promising in terms of 
sensitivity and efficiency, the pH of the effluent was found 
to be only 2.9. increasing the Mes concentration to 120mM 
served to improve this situation, but also resulted in an incre-
ase in baseline noise and reduction in both sensitivity and eff-
iciency. consequently, it was decided to continue investiga-
tions using ammonium acetate, a buffer extensively used for 
the aluminium-lumogallion reaction.

firstly, the effect of varying the concentration of the 
ammonium acetate buffer on sensitivity was observed. This 
was carried out by diluting a stock 3M buffer (pH 6.7) to 
0.25. 0.5 and 1 M. The results indicated that a concentration 
of 0.25 M gave the best result in terms of peak area and also 
for achieving an effluent pH closest to optimum for the lumo-
gallion reaction. it was shown that peak area of a 0.1 ppm 
aluminium standard increased almost 1 times through the use 
of 0.25M compared with 1M ammonium acetate and over 
8 fold compared with 40mM Mes.

seawater samples intended for quantification of alu-
minium require acidification to between pH 1.8–2. con-
sequently, the buffer utilised in the lumogallion reaction 
needs to be able to maintain an optimum pH even on mixing 
with the acidified sample. The 0.25M ammonium acetate buf-
fer was shown to have insufficient buffering capacity when 
mixed with an acidified sample. not only did the retention 
time decrease but a loss in sensitivity also resulted. Given 
that a decrease in sensitivity was also previously observed 
with an increase in buffer concentration for ammonium ace-
tate, the only alternative was to increase the pH of the buffer. 
This was attempted but it appeared that even increasing the 
buffer pH to 8 resulted in little improvement. This meant that 
short of sacrificing sensitivity for buffering capacity, ammo-
nium acetate was not the best choice for the analysis of acidi-
fied seawater.

The choice of buffers capable of maintaining a pH of 
approximately 5.5 is fairly limited. This led to the decision 
to reinvestigate Mes. For comparative proposes, a 0.25M 
solution of Mes (pH adjusted to 6.05 with naoH) was firstly 
trialed. The result was an equivalent sensitivity to ammonium 
acetate but with the added advantage of no loss in sensitivity 



Chem. Listy, 102, s265–s1311 (2008) Environmental Chemistry & Technology

s321

between acidified and non-acidified samples. similarly, chan-
ges in retention times were negligible. The remaining issue 
with the use of Mes was the increase in baseline noise and 
subsequent increase in detection limits. This problem was 
overcome by pre-cleaning the buffer using a column packed 
with eichrom diphonix® resin. The resulting baseline noise 
reduced approximately three times and the corresponding 
background fluorescence was almost seven times less.

it was thus determined that a pre-cleaned buffer of 
0.25M Mes adjusted to a pH of 6.05 with naoH, was the 
optimum choice for the determination of aluminium in acidi-
fied seawater samples.

temperature
The response of the reaction between aluminium and 

lumogallion has been investigated in both batch techniques 
and flow systems. in the batch method, an optimal tempera-
ture of 80 °C is generally accepted13,15, whereas Fia methods 
tend to use 50 °C. The latter is based on investigations carried 
out by resing and Measures which concluded that most of 
the temperature-based reaction rate gain had been achieved 
by this temperature12. independent investigation into the ef-
fect of temperature on the rate of reaction was undertaken by 
us due to the fact a different buffer was used. it was found 
that the highest response, in terms of peak area, was obtained 
at temperatures between 65 and 75 °c (Fig. 1.). Based on this 
response, 70 °C was chosen as the temperature at which to 
operate the post column reactor for all subsequent anlyses.

lumogallion and reaction Coil
The extent of chemical reaction needs not be complete 

for an analytical technique to be valid. However, it is desi-
rable to obtain as high a reaction yield as possible in order 
to ensure the technique has good precision. For the reaction 
between aluminium and lumogallion, the concentration of 
post-column reagent may be changed, along with tempera-
ture and reaction time, in order to control the extent of reac-
tion. Three concentrations of lumogallion (0.03, 0.04 and 

0.05 mM) were tested in order to exhaust possible improve-
ments to the system via this approach. The concentrations 
chosen were based on those used in flow systems. it was 
found that at concentrations higher than 0.03 mM, no signifi-
cant improvements were achived. additionally, the effect of 
increasing the length of the post column reaction coil from 
2m to 4m was also studied. The result, however, was a slight 
reduction in fluorescence. a Mes buffer containing 0.03 mM 
lumogallion together with a 2m reaction coil were thus used 
in all subsequent analyses.

surfactant
Howard and co-workers reported an increase in the flu-

orescence intensity of the aluminium-lumogallion complex 
of as much as 5-fold through the addition of a non-ionic 
surfactant13. further investigation has been carried out by 
resing and Measures12, which showed that Brij-35 enhanced 
fluorescence to a greater extent than other surfactants, such as 
Triton X-100 and cetylammonium bromide (cTaB). in order 
to ensure the lowest limit of detection was achieved for this 
system, an investigation into the effect of surfactants was also 
carried out. The results differed substantially from those dis-
cussed earlier. it was found that although the addition of Brij-
35 enhanced fluorescence marginally, a simultaneous incre-
ase in baseline noise negated any improvement achieved. 
interestingly, when cTaB was tested, the aluminium peak 
disappeared altogether. This was considered to be an effect 
of the surfactant adhering to the tubing walls and effectively 
stripping the aluminium from the reagent stream. The sys-
tem required flushing with methanol in order to resume nor-
mal operation. consequently, further investigation into the 
possible use of surfactants was abandoned, with the decision 
to explore other approaches to lowering the detection limit 
being deemed more favourable.

s a m p l e  v o l u m e
a more attractive approach for achieving a low lod 

was increasing the sample loop volume. all previous expe-
riments had been carried out using a volume of 20 µl. The 
response of the system to higher volumes was investigated 
and the results are depicted in Fig. 2. it can be seen that for 
volumes between 20 and 500 µl, the system follows a linear 
response, as expected. it was also noteworthy that no redu-
ction in column efficiency was experienced at higher volu-
mes. The highest efficiency was achieved for a 100 µl sample 
loop, which was unexpected considering that band broade-
ning is generally associated with increased sample size and 
is often responsible for an observed reduction in performance 
of the chromatographic column as injection volume is incre-
ased.

another unexpected result of increasing the sample 
volume was an increase in retention time. Generally, a decre-
ase in retention time would be expected due to competition 
from other analytes for chelation sites, especially in such a 
complex matrix as seawater. This was shown not to be the 
case for idas and may be explained in terms of the forma-

fig. 1. Dependence of fluorescence response on temperature
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tion of negatively charged aluminium complexes in seawater 
(e.g. fluoro complexes) and the high ionic strength of the elu-
ent. The effect of ionic strength has been reported to affect 
the retention of ions in chelation ic8,16. in an environment 
of sufficiently high ionic strength the repulsion between 
negatively charged aluminium species and the iminodiace-
tic acid functional groups may be reduced. This can result 
in a subsequent increase in retention time as observed in our 
studies. This response is actually considered favourable as it 
allows for additional stabilisation of the baseline between the 
minor dip in fluorescence and elution of the aluminium.

s e a w a t e r  s a m p l e s
at this stage, the optimised HPcic system coupled with 

fluorescence detection had been shown to be applicable to the 
determination of aluminium in acidified standards prepared 
in Milli-Q water. Previous work by us has shown that idas 
can be successfully applied to the analysis of samples with a 
complex matrix but it had not yet been used for the detection 
of aluminium in seawater. seawater is difficult to analyse not 
only in terms of the high salt content, but also due to the 
number of other potentially interfering ions, such as iron and 
magnesium. However, preliminary chromatograms showed 
no co-elution problems and there was only one additional 
peak (at ~  8 min) other than aluminium. Based on previous 
findings this peak is likely to be due to iron and/or a mixture 
other analytes e.g. sodium and calcium.

calibration of the system using a 500 µl sample loop 
was carried out by means of standard addition to an antarc-
tic seawater sample containing low levels of aluminium. The 
limit of detection was determined from the standard deviation 
of clean seawater and determining the signal equivalent to 
three times this value (i.e. 3σ). a lod of 0.39 nM was achie-
ved using a 500 µl sample loop. Good linearity of the system 
was observed between 1.8 and 36 nM.

chromatograms of antarctic seawater for different inje-
ction volumes are given in fig. 3.

Conclusions
The optimised HPcic system with fluorescence de-

tection of the aluminium-lumogallion complex shows 
promise for the quantification of aluminium in antarctic 
seawater. The idas chromatographic column does not suffer 
from issues such as co-elution of species with aluminium and 
produces peaks of good efficiency in a reasonable timescale. 
The response of the system to standard addition is linear and 
is applicable over a concentration range valid to seawater 
analysis. additionally, the lod achievable with the system 
means it should be capable of handling the low concentrati-
ons of aluminium expected in antarctic seawater.

at this stage, the system has not been successfully 
applied to the quantification of aluminium in a seawater 
sample. The method currently suffers from an enhanced 
fluorescent response most likely due to matix interferen-
ces of seawater. it is difficult to determine the extent of this 
enhancement since there is not a certified seawater reference 
material for aluminium; but it is believed that, at present, the 
system produces a response approximately three times hi-
gher than the true value. studies are underway to eliminate 
this problem and are currently focusing on the removal or 
adequate separation of aluminium from the remainder of the 
seawater matrix.
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introduction
ambient desorption ionization mass spectrometry (Ms) 

is a rapidly growing area representing an attractive alterna-
tive to conventional analytic approaches. recently intro-
duced ionization techniques, such as direct analysis in real 
time (darT)1, desorption electrospray ionization (desi)2 or 
atmospheric pressure solids analysis probe (asaP)3, allow 
direct examination of various types of samples in the open 
atmosphere and at ground potential. Little or no sample tre-
atment prior to analysis is required. additionally, time-con-
suming separation of sample components, which is usually 
employed by chromatographic methods, can be omitted with 
ambient Ms.4

The ionization process with darT is based on interac-
tions of metastable atoms of gas with atmosphere (H2o, o2) 
and sample components. The gas (usually helium) flows th-
rough a tube divided into several compartments. in a discharge 
chamber, ions, electrons and metastables are formed. in the 
next step, charged species are removed from the gas stream 
and heated gas promotes the desorption process. ionization 
of the sample occurs in the area between the ion source and a 
mass spectrometer inlet (sampling gap). darT provides rela-
tively simple mass spectra characterized mainly by [M + H]+ 
and [M]+ in positive-ion mode or [M – H]– and [M]– in nega-
tive-ion mode.1 it is worth to notice, that darT technique 
has common features with atmospheric pressure chemical 
ionization (aPci) as the formation of metastables take place 
in an electrical discharge.1,4

darT ion source can be hyphenated to any type of mass 
spectrometer. However, when coupled to a high-resolution 
time-of-flight mass spectrometer (ToFMs), accurate mass 
measurement is enabled, allowing the confirmation of target 
analyte identity and calculations of elemental compositions 
of “unknowns”. For correct identification of “unknowns”, it 
is essential to gain knowledge about the examined matrix to 
allow discrimination of potential compounds suggested by 
the software.

Until now, very few papers dealing with applications of 
darT have been published.5-9 in following examples, the 
potential of darT–ToFMs technique for qualitative and 
quantitative analysis of (i) pesticide residues, in particular 
case, strobilurins in wheat grains, (ii) thiabendazole on cut-
flower leaves, and (iii) rapid screening of brominated flame  
 

retardants (BFrs) in in-door dust extract, will be demon-
strated.

Experimental
C h e m i c a l s

Pesticide standards (≥ 99 %) were obtained from dr. 
ehrenstorfer (Germany), decabromodiphenyl ether (Bde-
209) standard (≥ 98 %) was provided by cambridge isotope 
laboratories (usa). solvents used for sample extractions 
and preparations of standard solutions were HPlc-grade. 
Poly(ethylene glycol) 600 was from sigma-aldrich (Ger-
many), anhydrous na2so4 was supplied by Merck (Ger-
many).

s a m p l e  P r e p a r a t i o n
(i) an amount of 12.5 g of milled wheat grains was 

spiked with an internal standard (prochloraz) at a concent-
ration of 250 ng g–1 and extracted by shaking with 50 ml of 
ethyl acetate and 10 g of anhydrous na2so4. The suspension 
was filtered and the volume was reduced by evaporation to 
25 ml. similarly, wheat grain extracts spiked with strobilurins 
(azoxystrobin, kresoxim methyl, pyraclostrobin, trifloxystro-
bin, dimoxystrobin and picoxystrobin) in the range from 12 
to 1200 ng g–1 were prepared. Wheat grains with incurred 
residues of azoxystrobin, kresoxim methyl and pyraclostro-
bin (reference material) were processed as described above.

(ii) Flowers (roses) were purchased from local florists 
shop. The leaf was separated from the rest of flower and its 
surface was directly analyzed.

(iii) in-door dust containing BFrs (mainly Bde-209) 
was extracted using ase 300 pressurized liquid extraction 
system (dionex, usa): a hexane–acetone (1 : 1, v/v) mixture 
was used for extraction. The residues of extract were dissol-
ved in isooctane.

d a r T – T o F M s  a n a l y s i s
For darT–ToFMs analyses, the system consisting of 

a darT ion source (ionsense, usa), a Jeol accuToF lP 
high-resolution mass spectrometer [Jeol (europe) sas, 
France], and an autodarT HTc Pal autosampler (leap 
Technologies, usa) was used. Helium gas was flowed at 
2.9 dm3 min–1, discharge needle voltage was ± 3000 v, while 
perforated and grid electrode voltages were set to ± 150 v 
and ± 250 v, for positive and negative-ion mode, respecti-
vely. other system parameter settings were changed depen-
ding on examined analytes, as summarized in Table i. To 
monitor bromine fragment ions originated from Bde-209, 
the cone voltage of the mass spectrometer was adjusted as 
described in results section.

automated introduction of liquid samples was carried 
out with the use of dip-it™ tips (ionsense, usa). solid sam-
ples (flower leaves) were introduced manually by placing 
them in front of darT source. Poly(ethylene glycol) 600 
solution (200 μg ml–1) was introduced at the end of each 
sample analysis to perform internal mass calibration (mass 
drift compensation). The mass resolution of the instrument 
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during the measurements was typically 6,000 full width at 
half maximum (fwhm).

results
a n a l y s i s  o f  s t r o b i l u r i n s

The strobilurins and prochloraz (internal standard) were 
detected as [M + H]+ ions (see Fig. 1.). a high mass resolving 
power of ToFMs instrument enabled the identity confirma-
tion of target analytes on the basis of elemental composition 
calculations; the differences between measured (accurate) and 
calculated (exact) masses ranged from –2.27 to 5.10 ppm.

Fig. 2. shows the total ion current (Tic) record of six 
injections of wheat grain extract spiked with strobilurins 
(240 ng g–1) and prochloraz (250 ng g–1). Unfortunately, the 

absolute response of the detector, even when employing 
autosampler, was poorly repeatable because of the depen-
dence of position of the sampling tip and the sampling gap. 
Therefore, an internal standard had to be used for quantifi-
cation of strobilurin residues. Calibration plots obtained by 
analyses of matrix-matched standards (see Fig. 3.) were con-
structed by plotting the ratio of analyte/internal standard ion 
intensity vs. concentration of particular analyte. acceptable 
linearity was obtained for tested concentration range, regres-
sion coefficients of calibration curves were higher than 0.99.

in the next step, basic performance characteristics of the 
method were estimated using spiked samples. The repeatabi-
lity was in the range from 8 to 15 % (n  =  6, 60 ng g–1), LoQs 
(limits of quantification) ranged from 12 to 30 ng g–1. Con-
sidering the european regulation requirements, this method 
can be useful for rapid control of strobilurin residues in wheat 
grains10. for comparative purposes, wheat grain sample con-
taining incurred residues of strobilurins was analyzed using 

Table i
darT–ToFMs parameter settings

 analytes Polarity Beam ion guide
   temp. [°c] voltage [v]
 strobilurins Positive 300 1000
 Thiabendazole Positive 150 800
 Bde-209 negative 300 600
 Bromine ions negative 350 400

fig. 1. Dart positive mass spectrum of wheat grain extract 
spiked with strobilurins (240 ng g–1) and prochloraz (250 ng g–1); 
(1) Kresoxim methyl, (2) Dimoxystrobin, (3) Picoxystrobin, (4) 
Prochloraz, (5) Pyraclostrobin, (6) Azoxystrobin, (7) Trifloxys-
trobin

fig. 2 tiC chromatogram of six repeated wheat grain extract 
introductions [(1)–(6)] followed by PeG 600 solution (7)

fig. 3. examples of calibration curves of matrix-matched stro-
bilurin standards

Table ii
darT–ToFMs and lc–Ms/Ms methods: analysis of incur-
red residues in wheat grains

 analyte Concentration[ng g–1]
  darT–ToFMs lc–Ms/Ms
 azoxystrobin 445 429
 kresoxim methyl 45 52
 Pyraclostrobin 202 190
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in-house validated method employing liquid chromatogra-
phy–tandem mass spectrometry (lc–Ms/Ms). a good agree-
ment of the results generated by two alternative approaches is 
documented in Table ii.

d i r e c t  d e t e c t i o n  o f  T h i a b e n d a z o l e 
i n  P l a n t  L e a f

in this experiment, the possibility to monitor pesticide 
residues directly from the surface of the flower leaf was exa-
mined. for this purpose, the temperature of gas beam was 
decreased to 150 °c. Fig. 4.(a) shows positive mass spectrum 
of the leaf surface obtained by darT–ToFMs. in zoomed 
mass spectrum (Fig. 4.(B)), ion m/z 202.04410 corresponding 
to protonated thiabendazole molecule [c10H8n3s]+ (theoreti-
cal mass m/z 202.04389) was observed. no other pesticide 
compounds were detected in examined sample.

s c r e e n i n g  o f  B F r s  i n  i n - d o o r  d u s t
The most common methods used in analysis of BFrs 

employ gas chromatography coupled to mass spectrometry 
(Gc–Ms) operated in negative chemical ionization mode 
(nci)11. The ions [79Br]– and [81Br]– are typically the base 
peaks in nci mass spectra of these compounds and due to 
their selectivity they are frequently used for quantification 
purposes12. supposing some similarity of BFrs fragmenta-
tion under nci conditions in Gc–Ms and negative aPci, 

darT–ToFMs was proposed as a suitable approach for 
rapid screening of BFrs.

in the first phase of this experiment, the ionization of 
Bde-209 by darT was investigated. as documented in 
Fig. 5.(a), phenolate anions resulting from the cleavage of 
the ether bridge and anions resulting from bromine abstrac-
tion were observed after introduction of Bde-209 standard 
solution. To induce fragmentation, the cone voltage was 
decreased from -20 v to -140 v. under these conditions, 
intensive [79Br]– and [81Br]– ions were the only ions in recor-
ded mass spectrum (Fig. 5.(B)).

While it was not possible to detect BFrs in dust extract 
due to high chemical noise, both bromine ions were distinctly 
recognized when fragmentation was induced (Fig. 6.(a)). To 
remove interfering ion with a mass close to [79Br]–, an attempt 
to induce its fragmentation was undertaken. as shown in 
Fig. 6.(B) and Fig. 6.(c) this was achieved by further decre-
ase of cone voltage value.

Conclusions
darT–ToFMs technique can be used for determina-

tion of strobilurin fungicides in milled wheat grain extracts 
obtained by simple extraction procedure without time-con-
suming chromatographic separation. This method withstands 
the regulation demands of the European Union for the control 
of pesticide residues; moreover, simplified workflow enables 
examination of many samples within a short time period.

Fig. 4. DArT positive mass spectrum of flower leaf; (A) m/z 
50–600, (B) m/z 200–206. The ion m/z 202.04410 corresponds to 
thiabendazole

fig. 5. DArT negative mass spectrum of BDe-209 standard 
solution (50 μg ml–1); (A) beam temp.: 300 °C, cone volt.: –20 V, 
(B) beam temp.: 350 °C, cone volt.: –140 V

fig. 6. DArT negative mass spectrum of in-door dust extract; 
(A) cone volt.: –140 V, (B) cone volt.: –200 V, (C) cone volt.:–
240 V



Chem. Listy, 102, s265–s1311 (2008) Environmental Chemistry & Technology

s327

Qualitative analysis of solid samples without any sam-
ple preparation is a challenging application of this novel 
technique. darT–ToFMs was shown to be a useful tool 
enabling rapid examination of plant surface and detection of 
pesticide used for flower treatment.

Preliminary results indicate the potential to introduce 
new concepts into rapid screening of BFrs by employing 
darT–ToFMs. in addition, the information provided by 
both negative and positive mass spectra should be exploited 
with the aim to detect the presence of other contaminants. 
of course, more follow-up research is needed, with a special 
focus on quantification of target compounds and identifica-
tion of unknowns.

This study was undertaken within the project MSM 
6046137305 supported by the Ministry of Education, Youth 
and Sport of the Czech Republic. The authors wish to thank to 
JEOL (Europe) SAS for a loan of the JEOL AccuTOF DART 
system for testing purpose.
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introduction
Bioindicators are living organisms in which concentra-

tions of organic pollutants considerably exceed those found 
in air, water, sediments, or soil. Bioindicators, which are 
frequently used in monitoring studies and screenings, should 
allow selective and specific determination of contaminants 
not only in all compartments of the environment, but also 
in all links of food chains of species living in the area under 
study. Contaminants detectable by the use of bioindicators 
include also PcB indicator congeners 28, 52, 101, 118, 138, 
153, 180 which rank with priority pollutants monitored in the 
czech republic1. Plant bioindicators are used in environmen-
tal studies of agrarian ecosystems in our country where they 
can yield information for both conventional monitoring and 
biomonitoring. The most frequently used plant species are 
alfalfa, cereals, and oil plants2. The source of contamination 
is of great importance. Monitoring of PcBs can often identify 
long-distance transport as one of the contamination sources. 
airborne volatile PcBs can originate from various sources 
including agricultural production3. Thus, PcBs penetrate into 
plant tissues and influence the contamination level. Papers 
dealing with the contamination of crops by xenobiotics are 
rather scarce. Most of the respective investigations were car-
ried out in fodder plants and were oriented rather on effects of 
feeding of contaminated crops to farm animals1. 

of all above-mentioned plant bioindicators, coniferous 
plants except for larch have the greatest informative value 
when the leaf analysis method is used. needles do not fall 
off every year as compared to deciduous trees, and one may 
monitor a degree of burden using different methods such 
as the discoloration of assimilatory organs, sudden changes 
in coloration, excessive leaf-fall, crown thinning, partial or 
complete dieback of trees, and particularly the above-menti-
oned methods of leaf analysis.

knowledge of the level of contamination of this link of 
the food chain is therefore necessary for studies of xenobio-
tic transfer1,4. Comprehensive studies of plant contamination 
were completed in Moravian areas affected by disastrous flo-
ods in 1997 and 1998. effects of floods on the contamination 
of soil and vegetation by persistent organic substances are 
summarized in the „report on the 1998 Monitoring results 
- Hazardous substances within Food chains and influencing 

imputes published by the Ministry of agriculture of the 
czech republic in 19982. 

synthetic xenobiotics are included in persistent organic 
pollutants (PoPs) group; they represented a significant risk to 
the environment owing to their physico-chemical and toxico-
logical properties.

PBdes are aromatic substances whose structures resem-
ble that of PcBs (see Fig. 1.).

The numbering of individual PBde congeners, whose 
total sum is 209, complies with the iuPac nomenclature 
used in the numbering of PcBs.

P h y s i c o c h e m i c a l  P r o p e r t i e s  o f 
P B d e s

Tri- (major congener 28), tetra- (47), penta- (99, 100), 
hexa- (153, 154), hepta- (183) and deka-(209) are the most 
commonly used PBde groups which also occur most 
frequently in the environment.

PBdes are lipophilic and persistent substances that 
show low solubility in water. Because of their high resistance 
against acids, bases, heat, light, and redox reactions, they 
pose a significant risk to the environment. When they enter 
the environment, they remain there for a prolonged period 
of time due to their physical-chemical properties. The octa-
nol/water partition coefficient (log kow) is another important 
characteristic of these compounds. The values of their log kow 
vary in a range of 5.98 (28)–9.97 (209), which indicates that 
these substances are highly hydrophobic.

upon excessive heating and burning, PBdes will 
decompose to very toxic substances such as polybrominated 
dibenzo-p-dioxins (PBdd) and dibenzofuranes (PBdF). 
The melting point of PBdes varies from 64 °c (Bde 28) to 
302.5 °c (Bde 209) whereas many congeners are liquids at 
standard conditions. 

PBdes are used as fire retardants. in this application the 
ideal situation is when a retardant decomposes at a tempera-
ture by about 50 °c lower than that of a polymer – PBdes 
meet this requirement with a number of polymers.

P r o d u c t i o n
The industrial synthesis of PBdes usually proceeds th-

rough catalytic reaction between a diphenyl ether and bro-
mine, yielding a mixture of different isomers. alternatively, 
PBde may also be prepared from phenolate and bromoben-
zene or by allowing diphenyliodonium salt to react with bro-
mophenolate. 

fig. 1. PBDEs and PCBs
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novel synthetic procedures have been recently develo-
ped. one of the most significant developed procedures uses 
2,5-dibromo-4-fluoronitrobenzene as a precursor to produce 
congeners 153 and 154 or employs a modified sinaki reaction 
to prepare congener 81.

i n d u s t r i a l  u s e  o f  P B d e s
DekaBDe
This compound is extensively used in “high-impact” 

polystyrenes, thermoplastic polyester resins, acrylonitrile-
butadiene-styrene rubber, nylon, Pvc, and elastomers. Bde 
209 is also widely used in isolation materials for electric 
cables. There is a large number of commercial products based 
on Bde 209 such as widely used Bromkal 81, de 83, Fr-
1210, chemflam 011, Hexcel PF1.

OktaBDE
OktaBde congeners are mainly used in computer com-

ponents and the components of office instruments. Further-
more, they are also known to be used in various thermoplas-
tics, adhesives and coating compositions. Bromkal 79-8 de, 
Fr 143, Tardex 80, etc. are commercial names of widely used 
mixtures.

HexaBDE
HexaBde together with pentaBde congeners are con-

tained in commercial mixtures (for example Br 33 a).

PentaBDE
commercial mixtures are used as additives in epoxy-

resins, phenol resins, and textiles. This particularly applies to 
de 71, Fr 1205/1210, Bromkal 70, Bromkal 61. The Brom-
kal 70-5 de mixture (34 % tetraBde, 60 % pentaBde and 
6 % hexaBde) was widely used in the past.

TetraBDE
TetraBde congeners have identical applications as pen-

taBde. The average levels of congeners in the commercially 
used mixture are as follows: 41 % of tetraBde congeners, 
45 % pentaBde congeners, 6 % hexaBde congeners, and 
about 8 % of PBde of unknown structure. some groups of 
Bdes are not produced individually but occur as impurities in 
commercial mixtures (for example nonaBde or heptaBde). 
The least brominated classes of congeners such as triBde, 
diBde, and monoBde, are neither produced commercially, 
nor used otherwise.

general use of BDEs
More than one half of PBdes is used in the production 

of electric and electronic devices and components, with 
DekaBde, OktaBde and PentaBde being used most wi-
dely, as mentioned above. The highest levels of PBdes occur 
in domestic appliances. The reason is that the devices of this 
kind (Tv sets, vacuum cleaners) contain the highest portion 
of plastics, as compared to other above-mentioned classes of 
devices, with fire retardants being usually bound to such plas-
tic materials.

Experimental
samples were taken in several locations. organochlo-

rine pesticides (ddT and its metabolites, γ-HcH and HcB), 
polychlorobiphenyls (PcB) and polybromodiphenylethers 
(PBde) were selected for analysis. The isolation of tracked 
analytes from plant matrices was performed by the means 
of extraction processes, namely via sonication and soxhlet 
extraction, extract purification was realized by column 
chromatography. The final determination was performed by 
gas chromatography with μecd detection and the confir-
mation analyses by gas chromatography and mass spectro-
metric detection.The procedure is summarized in following 
scheme 1.

Table i
Polychlorinated biphenyls in needles

 Concentration  [ng g–1]
  cB 28 cB 52 cB 101 cB 118 cB 138 cB 153 cB 180
 Pine 0.25 0.10 0.07 0.06 0.06 0.07 –
 fir 0.33 0.12 0.09 0.10 0.07 0.12 0.05
 Blue spruce 0.30 0.09 0.07 0.08 0.10 0.09 0.04

Table ii
organochlorinated pesticides in needles

 Concentration [ng g–1]
  4,4’-ddT 4,4’-dde 4,4’-ddd 2,4’-ddT 2,4’-dde 2,4’-ddd γ-HcH HcB
 Pine 0.08 0.17 < loQ < loQ nd nd 0.15 0.15
 Fir 0.21 0.24 0.07 0.14 < loQ nd 0.12 0.09
 Blue spruce 0.11 0.11 0.04 0.11 nd nd 0.13 < loQ
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Collecting needles
(10 g each sample)

↓
Grounding/extraction

3 × 20 min. with n-hexane-acetone (3 : 2)
↓

clean-up on Florisil column
elution with n-hexane-acetone (94 : 6)

↓
Gc/μecd analysis of extracts

scheme 1

results
The study submitted deals with problems of the utili-

zation of spruce, pine and fir needles for the evaluation of 
ecosystems’ primary organic pollutants (PoPs) load. 

Tables i, ii and iii show the obtained results – concen-
trations of polychlorinated biphenyls, organochlorinated 
pesticides and polybrominated diphenyl ethers in needles, 
respectively. 

on the basis of acquired results, it could be stated that 
level of needles contamination is not negligible. Within the 
group of PcBs the highest concentrations were found at PcB 
28 with highest volatility. Pesticide 4,4’-ddT and 4,4’- dde, 
γ-HcH and HcB were dominant from study groups of orga-
nochlorinated compounds. it was surprise that PBde levels 
were considerably higher than those of other PoPs, especi-
ally Bde 28.

Conclusions
needles of pine, fir and blue spruce were used as bio-

indicators of the atmospheric contamination by persistent 
organic pollutants. These needles are covered by waxy layer, 
which effectively concentrates the vapour phase pollutants 
from surrounding atmosphere. The results proved the suitabi-
lity of the conifera needles for the estimation of atmospheric 
contamination by persistent organic pollutants.

This work has been supported by Ministry of Education, 
Youth and Sports under MSM 6215712402 is greatly appre-
ciated).
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Table iii
Polybrominated diphenyl ethers in needles

 Concentration [ng g–1]
  Bde 3 Bde 15 Bde 28 Bde 47 Bde 99 Bde 100 Bde 118 Bde 153 Bde 154 Bde 183
 Pine 0.80 0.40 4.50 1.50 nd < loQ 1.20 1.00 1.60 1.70
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 Blue spruce 0.50 nd 1.80 1.40 2.50 1.20 0.80 0.80 2.10 < loQ
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introduction
Silver is one of the industrially important elements. it is 

used for the preparation of corrosion-resistance alloys and its 
compounds are extensively used in the processing of foods, 
drugs and beverages and in filters and other equipments to 
purify water. it also has an important role in electrical and 
electronic application, photographic film production and the 
manufacturing of fungicides1,2. These widespread applicati-
ons have resulted in increased silver content of environmen-
tal water samples. in turns, owing to the toxicity of silver to 
many aquatic organisms even at low concentrations, the seri-
ous environmental problems may occur. Therefore, simple 
and highly sensitive methods are needed to monitor the ag 
levels in water samples at ever decreasing concentrations.

Several atomic spectrometric techniques such as flame 
and electrothermal atomic absorption spectrometry (FaaS 
and ETaaS) 3,4, inductively coupled plasma atomic emission 
spectrometry (iCP-aES)5 and inductively coupled plasma 
mass spectrometry (iCP-mS)6 have been proposed for the 
determination of silver in different environmental samples. 
in order to improve the detection limit, various preconcentra-
tion procedures have also been used in combination with the 
above-mentioned techniques. These include solvent extrac-
tion7, solid phase extraction8, precipitation9, adsorption on 
tungsten wire 10 and cloud point extraction11. However, most 
of these procedures are laborious, time-consuming and may 
cause sample contamination.

recently, assadi and co-workers introduced a novel 
microextraction method called dispersive liquid–liquid mic-
roextraction (DLLME) as a highly sensitive, efficient and 
powerful method for the pre-concentration and determina-
tion of traces of organic and inorganic compounds in water 
samples12,13. in the present work, the dLLmE was combined 
with ETAAS for determination of silver for the first time. In 
this method, an appropriate mixture of extraction solvent and 
disperser solvent is injected rapidly into an aqueous sample 
containing silver ions and sodium diethyldithiocarbamate 
(ddTC) by a syringe. Then, the resulting cloudy solution 
is centrifuged and the fine droplets sedimented in a few-
μl volume at the bottom of the conical test tube are finally 
introduced into the ETaaS for the determination of its silver 

content. The applicability of this approach was validated for 
the determination of silver in water samples. The proposed 
method was also applied to the determination of silver in 
several water samples with satisfactory results.

experimental
r e a g e n t s  a n d  S o l u t i o n s

Reagent grade carbon disulfide, carbon tetrachloride and 
chloroform, as extraction solvents, and acetone, acetonitrile, 
methanol and ethanol as disperser solvents from merck che-
mical company. doubly distilled deionized water was used 
throughout. analytical grade nitrate salts of silver and other 
cations (all from merck) were of the highest purity available 
and used without any further purification except for vacuum 
drying. The stock solution of silver (1,000 mg dm−3 for atomic 
spectroscopy standard) was prepaed by dissolving 0.1575 g 
of silver nitrate (merck) in deionized water containing 1 ml 
concentrated nitric acid (Merck) in a 100 mlvolumetric flask 
and diluting to mark with deionized water and stored in the 
dark. Working standard solutions were prepared by serial 
dilutions of the stock solution with ultrapure water prior to 
analysis. The chelating agent, 0.001m sodium diethyldithio-
carbamate (ddTC) solution was prepared daily by dissolving 
the appropriate amount of ddTC (analytical grade, merck) 
in methanol (suprasolv, merck).

Tap, underground and river water samples used for 
development of the method were collected in PTFE contai-
ners from the Tehran and added appreciated amount of Hno3 
to adjust pH 3 and stored in dark at 4 °C and analyzed within 
48 h of collection without previous treatment or filtration.

i n s t r u m e n t a t i o n
The experiments were performed using a Perkin Elmer 

atomic absorption spectrometer (AA 1100B), equipped with a 
graphite furnace atomizer HGa-700. deuterium background 
correction was employed to correct non-specific absorban-
ces. all measurements were performed using the peak height. 
an intensitron™ silver hollow cathode lamp and a pyrolytic 
coated graphite tube (Perkin Elmer) were used. The sample 
injection volume was 10 μl in all experiments. The instru-
mental parameters and temperature program for the graphite 
atomizer are listed in Table i. argon gas with 99.95% purity 
was purchased from roham Gas Co. (Tehran, iran) was used 
as protected and purge gas. a Kendro 1020d centrifuge (Ger-
many) was used for centrifugation. all 15-ml screw cap fal-
con test tubes with conical bottom (extraction vessel) were 
maintained into 0.1 mol dm−3 Hno3 for cleaning of any inor-
ganic compounds and washed with doubly deionized water 
and then with acetone for proper sedimentation of fine dro-
plets of the extraction solvent in the centrifuging step.

G e n e r a l  P r o c e d u r e
A 10.0 ml of aqueous solution contaning 0.2 ppm Ag and 

0.01mm ddTC was placed in a 15 ml screw cap falcon test 
tube with conic bottom. 0.8 ml methanol, as disperser sol-
vent, containing 60 μl carbon tetrachloride, as extraction sol-
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vent, was injected rapidly into the sample solution by using a 
proper Hamilton syringe and the mixture was gently shaken. 
a cloudy solution (water/methanol/carbon tetrachloride) was 
formed in the test tube, ag-ddTC complex is extracted into 
the fine droplets of carbon tetrachloride. The mixture was 
then centrifuged for 3 min at 3,500 rpm. after this process, 
the dispersed fine droplets of carbon tetrachloride were sedi-
mented at the bottom of test tube (25 ± 1 μl). Finally, 10 μl 
of 0.05% Pd(no3)2, as chemical modifier, followed by 10 μl 
of the sedimented phase were consecutively pipetted into 
the same auto-sampler device and the content was injected 
into the graphite tube and the silver content is determined by 
electrothermal atomic absorption spectrometry

results
S t u d y  o f  t h e  E T a a S  C o n d i t i o n s

in order to reduce interferences and increase the accu-
racy, the use of a chemical modifier or a modifier mixture has 
become indispensable in ETaaS measurements. in the pre-
sent work, we used Pd(no3)2 as a chemical modifier. When 
the palladium modifier was not added, the analytical signal 
was gradually decreased until 50 % of the initial signal. The 
influence of the palladium modifier on the background level 
was also important. Based on the experimental results, addi-
tion of 0.05% (w/v) Pd(no3)2 solution allowed increasing 
the analytical signal with considerable background reduction, 
without increasing the pyrolysis temperature. Because for 
portions larger than 10 μl the signals were not further impro-
ved, the palladium modifier injection volume was chosen as 
10 μl. 

The selection of an appropriate pyrolysis temperature is 
very important for removing as much the matrix as possible 
and preventing the pyrolysis loss of the analytes prior to ato-
mization. The influence of pyrolysis temperature was studied 
on the absorbance, in the range of 300–1,100 °C. The maxi-
mum absorbance was achieved in the range of 300–450 °C 
in the presence of chemical modifier. However, when the 
pyrolysis temperature was over 500 °C, the signal of analyte 
decreased rapidly with the increase of the pyrolysis tempera-
ture. Therefore, 450 °C was selected as the optimized pyroly-
sis temperature for the determination of silver.

in the selected pyrolysis temperature of 450 °C, the effect 
of pyrolysis time on the absorbance of ag was investigated. 
The results showed that the absorbance was increased when 
the pyrolysis time was changing from 10 to 40 s and no 
appreciable improvements were observed for longer times. 
as a result, a pyrolysis time of 40 s was chosen.

Using a pyrolysis temperature of 450 °C and pyrolysis 
time of 40 s, the effect of the atomization temperature, in 
the range of 1,000–1,500 °C, on analytical signal of ag was 
also studied, The maximum signal . in the presence of che-
mical modifier was obtained at about 1,200 °C and remained 
unchanged with the further increasing of temperature up to 
1,500 °C. So, the atomization temperature of 1,300 °C was 
selected for the further experiments. The experimental results 
show that atomization time has little effect on the atomic sig-

nal of ag. Therefore, an atomization time of 3 s was selected. 
The unusual low pyrolysis and atomization temperatures 
used in this work is probably due to the fact that the compo-
nents used in the dllme procedure are reducing the thermal 
stability of ag.

E f f e c t  o f  T y p e  a n d  v o l u m e  o f  t h e 
E x t r a c t i o n  S o l v e n t

Careful attention should be paid to the selection of the 
extraction solvent. it should have higher density rather than 
water, extraction capability of the interested compounds and 
low solubility in water. Chloroform, carbon tetrachloride and 
carbon disulfide were compared in the extraction of silver. A 
series of sample solution were studied by using 500 μl metha-
nol containing different volumes of the extraction solvent to 
achieve 25 μl volume of the sedimented phase. The solubility 
of the extraction solvents in water is different. Therefore to 
recover 25 μl volume of the sedimented phase at the bottom 
of the test tube, it is necessary to add an excess to account 
for this solubility. Thereby, 75, 50 and 60 μl of chloroform, 
carbon disulfide and carbon tetrachloride were used, respecti-
vely.

In this experiment chloroform, carbon disulfide and car-
bon tetrachloride as extraction solvents obtained enrichment 
factors of 122.9 ± 9.4, 119.1 ± 10.5 and 127.7 ± 6.7, respecti-
vely. according to these results, variations of the enrichment 
factors using different extraction solvents are not statistically 
significantly different. Carbon tetrachloride forms a well 
stable cloudy solution, its sedimented phase can easily be 
removed by sampler to be introduced into the graphite furnace 
and has less consumption volume, while chloroform forms an 
unstable cloudy solution and carbon disulfide is difficult to be 
removed by sampler. Therefore, carbon tetrachloride was the 
best to be used.

To examine the effect of the extraction solvent volume, 
solutions containing different volumes of carbon tetrachloride 
were subjected to the same dLLmE procedures. The experi-
mental conditions were fixed and include the use of 500 μl 
methanol different volumes of carbon tetrachloride (40, 50, 
60, 70 and 80 μl). By increasing the volume of carbon tetra-
chloride from 40 to 80 μl, the volume of the sedimented phase 
increases from 20 to 50 μl. Enrichment factor decreases with 
increasing the volume of carbon tetrachloride, because of the 
volume of the sedimented phase increases. Subsequently, at 

Table i
The graphite furnace temperature program for silver deter-
mination

  Temperature ramp Hold argon
 Step [°C] time [s] time [s] flow rate
     [ml min−1]
 drying 100 1 20 250
 Pyrolysis 400 5 30 250
 atomization 1,400 0 3 0
 Cleaning 1,800 0 2 1,000
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low volume of the extraction solvent high enrichment factor  
was obtained. Thereby, the gain in sensitivity was achieved 
by using 60 μl of carbon tetrachloride.

E f f e c t  o f  T y p e  a n d  v o l u m e  o f  t h e 
d i s p e r s e r  S o l v e n t

The main criterion for selection of the disperser solvent 
is its miscibility in the extraction solvent and aqueous sam-
ple. For this purpose, different solvents such as acetone, ace-
tonitrile, methanol and ethanol were tested. a series of sam-
ple solutions were studied by using 800 μl of each disperser 
solvent containing 60 μl of carbon tetrachloride (extraction 
solvent). The enrichment factors obtained for acetonitrile, 
acetone, methanol and ethanol were 108.7 ± 9.1, 125.2 ± 8.8, 
120.4 ± 5.3 and 115.6 ± 7.5, respectively. The results show 
no statistical significant differences between disperser sol-
vents; however, the solubility of ddTC in methanol makes 
it a better choice.

The effect of the volume of methanol on the extraction 
recovery was also studied. Since, variation of the volume 
of methanol makes change in the volume of sedimented 
phase at constant volume of carbon tetrachloride (extrac-
tion solvent). Thereby, to avoid this matter and in order to 
achieve a constant volume of sedimented phase (25 μl) the 
volume of methanol and carbon tetrachloride were changed, 
simultaneously. The experimental conditions were fixed and 
include the use of different volumes of methanol 0.50, 0.8, 
1.00 and 1.50 ml containing 45, 60, 75 and 100 μl of car-
bon tetrachloride, respectively. Under these conditions, the 
volume of the sedimented phase was constant (25 ± 1 μl). It 
is clear that by increasing the volume of methanol, the solu-
bility of complex in water increases. Therefore, the extraction 
recovery decreases. Thus, 800 μl of methanol was selected as 
optimum volume in order to achieve better and more stable 
cloudy solution.

E f f e c t  o f  p H
The separation of metal ions by dispersive liquid–liquid 

microextraction involves prior formation of a complex with 
sufficient hydrophobicity to be extracted into the small 
volume of the sedimented phase, thus, obtaining the desired 
preconcentration. pH plays a unique role on metal–chelate 
formation and subsequent extraction. The effect of pH on the 
complex formation and extraction of silver from water sam-
ples was studied in the range of 1–6 by using concentrated 
H2So4 solution( note that ddTC is a weak base). The results 
illustrated in Fig. 1. reveal that the absorbance is nearly con-
stant in the pH range of 3.5–4.0. Therfore the pH 4 seems 
a proper choice. moreover, to make pH 4 adjustment, the 
use of buffer (which are sources of contamination) is not 
necessary and sulfuric acid can simply be used to make the 
pH adjustment.

E f f e c t  o f  d d T C  C o n c e n t r a t i o n
The effect of the ddTC concentration on the absorbace 

was studied in the range of 0.001-1mm of ddTC. The 

absorbace was increased by increasing the ddTC concent-
ration, which is well expected. it seems that slight reduction 
of extraction in high concentration of ddTC is due to the 
extraction of ddTC itself, which can easily saturate the 
small volume of extraction solvent. also, at high concentra-
tion of ddTC (1mm) the background absorbance was incre-
ased. Therefore, the concentrationt of 0.01 mm ddTC was 
selected as the best choice to prevent any interference.

E f f e c t  o f  S a l t
For investigating the influence of ionic strength on per-

formance of dLLmE, various experiments were performed 
by adding different amount of nano3 (0–8 % (w/v)). other 
experimental conditions were kept constant. By increasing 
the nano3 from 0 to 8 %, the volume of sedimented phase 
increases slightly from 25 to 27 μl. The results showed that 
salt addition has no significant effect on the enrichment factor. 
it is maybe because of two opposite effects of salt addition 
in dLLmE of silver. one of them is increasing the volume  

Fig. 1.	 effect	of	ph	on	silver	extraction

Table ii
Effect of foreign ions on the pre-concentration and determi-
nation of silver (20 ng ml−1)

 ion ion/au ratio Extraction recovery [%]
 Li+ 10,000 103.5 ± 3.7
 K+ 10,000 103.8 ± 4.8
 mg2+ 10,000 94.3 ± 1.9
 Ca2+ 10,000 102.3 ± 7.3
 mn2+ 1,000 96.3 ± 4.7
 ni2+ 1,000 89.7 ± 8.7
 Hg2+ 1,000 104.5 ± 3.8
 Cu2+ 1,000 93 ± 1.2
 Co2+ 1,000 101.2 ± 4.0
 Cd2+ 1,000 93.6 ± 3.8
 Pb2+ 1,000 95.9 ± 1.3
 Bi3+ 1,000 94.6 ± 3.7
 Cr3+ 1,000 94.8 ± 5.0
 no3

− 1,000 105.8 ± 4.6
 So4

2− 1,000 101.0 ± 6.2
 Cl– 10,000 103.3 ± 4.6
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of sedimented phase that decreases the enrichment factor and 
another is salting-out effect that increases the enrichment 
factor. Therefore, the enrichment factor is nearly constant by 
increasing the amount of sodium nitrate. Therefore the expe-
riments were performed in absence of the salt.

E f f e c t  o f  C o e x i s t i n g  i o n s
The effects of common coexisting ions in natural water 

samples on the recovery of silver were studied. in these expe-
riments, 10.0 ml of solutions contains 20 ng ml−1 of silver and 
various amounts of interfering ions were treated according to 
the recommended procedure. a given spices was considered 
to interfere if it resulted in a ± 5 % variation of the aaS sig-
nal. The results obtained are given in Table ii.

F i g u r e s  o f  m e r i t
Table. iii summarizes the analytical characteristics of 

the optimized method, including linear range, limit of de-
tection, reproducibility, and enhancement factor. The cali-
bration graph was linear in the range of 6–120 ng ml−1 of 
silver. The limit of detection, defined as CL  =  3 SB/m (where 
CL, SB and m are the limit of detection, standard deviation of 
the blank and slope of the calibration graph, respectively), 
was 1.2 ng ml−1. The relative standard deviation (r.S.d.) 
for ten replicate measurements of 20 ng dm−3 ag was 3.6 %. 
The enhancement factor was obtained from the slope ratio 
of calibration graph after and before extraction, which was 
about 66.

a n a l y s i s  o f  n a t u r a l  W a t e r s
The proposed dLLmE–ETaaS methodology was 

applied to the determination of silver in several water sam-
ples. Tap, underground and river water were collected from 
the Tehran and were analyzed by dLLmE combined with 
ETaaS for determination of silver. The concentration of 
silver in the tap, underground and river water samples were 
determined to be 17.2 ± 0.6 ng ml−1, 24.7 ± 0.6 ng ml−1 and 
30.10 ± 0.4 ng ml−1 respectively (Table iv). The water sam-

ples were spiked with silver standards to assess matrix ef-
fects. The relative recoveries of silver from these waters at 
spiking level of 10 and 20 ng ml−1 were 102, 98, and 100 %, 
respectively (Table iv). These results demonstrated that the 
tap, underground and river water samples matrices, in our 
present context, had little effect on dLLmE of silver.

conclusions
in this paper we introduced a dLLmE–ETaaS method 

for the analysis of ultra trace amounts of ag in real samples 
such as tap water, river water and underground water. The 
important features of dLLmE method are low cost, use of 
minimized toxic organic solvents, simplicity of operation, 
rapidity, high enrichment factor and high sensitivity and sele-
ctivity. High preconcentration factor was obtained easily th-
rough this method and a detection limit at ng ml−1 level was 
achieved with only 10.00 ml of sample. in this method sam-
ple preparation time as well as consumption of toxic organic 
solvents was minimized without affecting the sensitivity of 
the method..This method is characterized with simplicity, 
rapidity, reliability, safety and low cost, and is suitable for 
the determination of ultra-trace silver in environmental water 
samples.
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introduction
2-mercaptobenzothiazole (mBT) is the most important 

member of the benzothiazole group of heterocyclic aromatic 
compounds. it is a pale yellow, crystalline substance with an 
unpleasant odor and a bitter taste. This xenobiotic compound 
is used mainly in the manufacture of rubber additive chemi-
cals but also has other uses, notably as a corrosion inhibitor, 
antifreeze for automobiles. it is known as a toxic and poorly 
biodegradable pollutant. it is able to pass conventional tre-
atment systems, widespread with surface and underground 
waters and enters into organisms1. data concerning biode-
gradation of mBT are inconclusive. Some authors2 have sug-
gested it is recalcitrant to biodegradation.

Genotoxicity investigations in bacterial and mammalian 
test systems provide some evidence indicating that mBT has 
the potential to induce mutations and chromosomal aberra-
tions. Toxicity studies in rats and mice chronically exposed 
to MBT identified increases in various tumors3. Epidemio-
logical investigations indicate that workers occupationally 
exposed to mBT have an increased risk of death from bladder 
cancer. MBT interfered with the nitrification processes and 
exhibited biocidal effects. mBT inhibits the degradation of 
easily degradable organics4.

This work was aimed at study biodegradation of mBT 
and effect of this compound on activated sludge. degradation 
of mBT by ozone was also studied.

experimental
B i o d e g r a d a b i l i t y  o f  m B T

adaptation of activated sludge to mBT was carried out 
in semicontinuos bioreactor. We were adapted mBT with 
maximal concentration 25 and 50 mg dm–3 on the activated 
sludge. Time of adaptation was 3 weeks. during the adaptation 
  

we measured inhibition effect of mBT on the activated sludge 
by respirometric measurements.

adsorption tests were performed both with adapted and 
nonadapted activated sludge to mBT. adsorption of mBT on 
activated sludge was studied at various concentration values 
of MBT. We were measured the specific sorptive capacity of 
sludge at low (10, 20 and 60 mg dm–3) and high concentration 
of mBT (100, 200 and 500 mg dm–3).

o z o n a t i o n  o f  m B T
The feasibility of utilisation of ozone for degradation 

of MBT was investigated in laboratory scale equipment. The 
experiments were performed in bubble ozonation column. 
The ozonation equipment consists of two glass columns, 
0.04 m diameter and 1.70 m height. The first column was 
filled with synthetic water with MBT, and the other one was 
filled with solution of potassium iodide to destroy residual 
ozone in the outlet of the first ozonation column. The system 
was operated in batch mode. Synthetic wastewater containing 
mBT was added into ozonation reactor at the beginning of 
trials. Continuous flow of oxygen 30 dm3 h–1 was applied for 
generation of ozone. The Lifetech ozone generator with the 
maximum ozone production 5 g h-1 and Lifetech ozone Uv 
detector were used. ozonation trials were carried out at 70 % 
of the power maximum of ozone generator. initial concentra-
tion of mBT in synthetic water was 50 mg dm–3.

results
mBT is not consumed by non adapted activated sludge. 

decrease of respiration rate of non adapted activated sludge 
was observed with the increase of 2-mBTconcentration. 
rapid decrease of respiration activity was observed for acti-
vated sludge after adaptation. The endogenous respirometric 
rate decreased by 6 % at concentration 25 mg dm–3 mBT in 
comparison with reference model. The endogenous respiro-
metric rate decreased by 39 % at concentration 50 mg.dm–3 
mBT in comparison with reference model.

The decrease of dissolved mBT concentration was 
observed at the low concentration levels. The value of Cod 
and ToC increased after 10 days, which is caused by increase 
of concentration of mBT in solution.

Table i shows the results of adsorption test carried out at 
lower concentration values of mBT. negligible adsorption of 
mBT on activated sludge was observed at mBT concentra-
tion higher than 100 mg dm–3. 

according to results shown in the Fig. 1. the highest Cod 
removal was observed during the first 20 minutes of ozona-
tion. The initial Cod value conversion achieved about 98 % 
after 50 minutes. The efficiency of TOC removal was 54 % 
after 50 minutes of ozonation. almost total removal (96 %) 
of 2-mBT from the sample was achieved after 5 minutes of 
ozonation. Simultaneously the presence of benzothiazole was 
identified as ozonation intermediate. The presence of ben-
zothiazole (BT) was identified in the sample after 50 minutes 
of ozonation. Fien et al.5 show, that mBT and its breakdown 
products had a high affinity towards ozone as indicated by the 

Table i
Specific sorptive capacity of activated sludge

 cmBT mTB decrease mTB decrease
 at solution by adsorption by adsorption
 [mg dm–3] [mg dm–3] [mg g–1]
 10 4.2 42
 20 5.9 59
 60 6.8 68
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rates for partial oxidation and mineralization. Benzothiazole 
was identified as the first ozonation product, reaching up to 
60 mol% of the original mBT concentration, followed by low 
concentration of 2(3-H) benzothiazolone.

The results of absorption of ozone in the fresh water 
and in the synthetic wastewater containing mBT are given in 
Fig. 2. The saturation concentration of ozone 23.1 mg dm–3 

was achieved in fresh water after 35 minutes. Specific ozone 
consumption values were 0.78 g g–1 for Cod and 1.88 g g–1 
for ToC.

conclusions
Respirometric tests confirmed that this compound is not 

biodegradable. Activated sludge showed adsorption affinity 
to mBT at concentration values up to 60 mg dm–3. Signifi-
cant decrease of MBT content was observed after five minu-
tes of ozonation. Correspondent efficiency values for COD 
and ToC removal were 55 and 16 %. Cod removal rate 
5.2 mg dm–3 min–1 was observed at 70 % of maximum ozone 

generator power. The presence of benzothiazole was identi-
fied as ozonation intermediate. It can be concluded that MBT 
is readily transformed by ozonation.

This work has been supported by the Slovak Grant 
Agency for chemical and chemical-technological science 
(Grant No 1/0866/08).
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Fig. 1.	 coD,	toc	and	mbt	as	a	function	of	ozonation	time	at	
oxygen flow rate 30 dm3	h–1	and	W		=		70	%

Fig. 2. Utilization of ozone in demineralised water and in syn‑
thetic wastewater contentaining MBT
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introduction
The risk is an inseparable part of working activity. That 

is why a general duty of employer is to ensure health and 
safety at work for all employees. They are protected by the 
main framework directive 98/391/EEC, which basic princi-
ple is risk prevention, which requires risk assessment by the 
responsible employer.

dangerous substances can be found in many work-
places. a recent European survey shows that 16 % of wor-
kers reported handling hazardous products and 22 % being 
exposed to toxic vapours1. as far as work accidents concern 
according to oSHa facts1:

Every 3 and a half minutes somebody in the European 
Union dies from work-related causes
Every year 142,400 people in the EU die from occupati-
onal diseases and 8,900 from work-related accidents
Up to third of these 150,000 fatalities each year can be 
attributed to hazardous substances at work in the EU 
(including 21,000 to asbestos)

Exposure to dangerous substance occurs at any indu-
stry workplace, on farms, in vehicles, especially at chemical 
plants and at smaller areas, such as high school, universities, 
in laboratories and also at home or in office.

dangerous substances affect human’s health by diff-
erent ways. Some can cause cancer, affect the reproductive 
function or cause mutagenic effects. other agents may cause 
brain damage, be harmful to the nervous system, respiratory 
airways or skin.

Quality of workplace environment includes not only 
safety conditions at work, achieved by continual risk assess-
ment and elimination of these risks, but also means a clean 
and healthy environment. The working environment is formed 
by different microclimatic conditions, such as level of noise, 
lighting, quality of indoor air, surrounding temperature, level 
of humidity etc. Each of these factors has a great influence on 
worker’s health and productivity of his work.

Since many people spend a large part of their lives in 
closed areas – in an office, at school, in transport – clean air 
becomes essential for good health and this is especially true 
when speaking about indoor air.

Posing	the	Problem
as it was mentioned above among different workplaces, 

school’s environment can be found. nowadays school area 
consists of not only usual class-rooms, but also covers wide 

•

•

•

range of specialized working facilities, for example chemical 
laboratories.

in this article we will focus on chemical hazards in the 
laboratories. People who work or study in a chemical labo-
ratory are exposed to many kinds of hazards, e.g. chemical 
substances, mechanical hazards, biological agents, physical 
factors, psychological conditions and so on.

Special feature of such work environment is that level 
of chemical threats rises steeply, since the quantity and 
range of chemicals are higher than in any other place of 
usual life. Many agents are highly flammable and explosive, 
their careless handling and storage may result in fire igni-
tion and explosions. Toxic gases, fumes and liquids may be 
produced and cause poisoning or infection of personnel and 
students. Some chemical agents have carcinogenic or muta-
genic properties.

Indoor air quality is also one of the important factors 
in the working space and shouldn’t be underestimated. 
The influence of air quality which we breathe can be exten-
ded on two main problems: long-term health affection and 
work-related accidents. The first problem is connected with 
long-term exposure of workers and students to low concen-
trations of different substances in the air (the most followed 
are carbon and nitrogen oxides, radon and volatile organic 
Compounds – voCs). Usually it can be solved by periodi-
cal measuring of concentration, assessing the possible risks 
of this exposure and taking correcting measures, for example 
improving ventilation, changing working regime, and using 
proper personal protective equipment.

The second problem concerns working-related accidents. 
on the one hand any laboratory worker or student can be 
exposed to toxic gases and fumes, which may unexpectedly 
escape from their container or come out from the by-side ef-
fect of reaction. These substances in the air can cause diffe-
rent effects:

acute poisoning or injury of the organism
Cause allergies
irritate eyes or breathing system

Usually there are few people in laboratory at the same 
time. if one of them will lose self-control under certain con-
ditions, such as bad vision, suffocation, pain, his behavior 
becomes dangerous for others and can lead to emerging other 
hazards for surrounding people.

objects	of	research
according to EC directive 1999/13/EC (Solvent Emissi-

ons directive), volatile organic Compounds (voCs) are fun-
ctionally defined as organic compounds having at 293.15 K 
(i.e., 20 °C) a vapor pressure of 0.01 kPa or more, or having a 
corresponding volatility under particular conditions of use.

in a majority solvents need to be managed carefully 
due to their volatility and general flammability, in particular 
during loading and unloading, storage and when using large 
quantities.

•
•
•
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Commonly, producers enclose Safety data Sheets to 
their products with necessary using, handling and storage 
recommendations:

Safe exposure limits and techniques for managing 
flammability 
information on the main hazards, how to protect against 
them and the steps to take in an emergency 
occupational exposure limits (oELs) 
Handling, storage, transport, spills and disposal advice 
Regulatory information such as classification and labe-
ling 
Toxicity and environmental information 

in chemical laboratory among other used chemicals 
one of the most famous are organic solvents, which usually 
referred to as group of volatile organic Compounds (voCs). 
voCs are compounds given off by a number of other indoor 
sources. Concentrations of most volatile organic compounds 
is higher in indoor than outdoor air. They commonly can be 
found in household, institutional, and industrial cleaning and 
maintenance products, and in building and finishing mate-
rials. other sources of voCs include the burning of fuels 
such as gas, wood and kerosene, as well as tobacco products. 
voCs can also come from personal care products (perfume 
and hair spray), cleaning agents, dry cleaning fluid, paints, 
lacquers, varnishes, hobby supplies, and from copying and 
printing machines2.

in enclosed spaces, voCs can cause eye, nose, and 
throat irritation, dizziness, headache, memory and visual 
impairment. Higher concentrations may cause irritation of 
the lungs, as well as damage to the liver, kidney, or central 
nervous system. Some voCs are suspected to cause cancer 
in humans and have been shown to cause cancer in animals. 
The health effects caused by voCs depend on the level and 
length of exposure. 

The real concentrations of voCs are usually orders of 
magnitude below the occupational threshold limit values 
(TLvs). However, some voCs may be present above their 
human odor thresholds (oTs). Beside odor annoyance, voCs 
at sub-TLV level may cause non-specific health effects such 
as eye and upper respiratory airway irritation, headache and 
increased weariness3.

The main route of exposure to solvents is via inhala-
tion. occupational exposure limits (oELs) set the airborne 
concentration of a substance that workers can be exposed to, 
day after day without any adverse health effects. oELs are 
normally set for an 8 hour day–1 and a 40 hour week–1 and are 
continuously reviewed by national and EU authorities. oELs 
for the majority of hydrocarbon and oxygenated solvents are 
set between 10 and 1,000 parts per million depending on the 
volatility and toxicity of an individual substance4.

according to what was stated above as objects of research 
were chosen some organic solvents which are frequently used 
in chemical laboratories of the Faculty of Chemistry, Brno 
University of Technology. Acquired data will be used for the 
following health risk assessment in chosen workplaces.

•

•

•
•
•

•

managing	the	Problem
a four-step approach to risk assessment exists4.
make an inventory of the substances used in the pro-
cesses in the workplace and those generated by the pro-
cess such as welding fumes or wood dust.
Collect information about these substances, i.e. the harm 
they can do and how this can happen. Safety data sheets 
(SdS), which must be provided by the supplier of a che-
mical, are an important source of information.
Assess exposure to the identified dangerous substances, 
looking at the type, intensity, length, frequency and oc-
currence of exposure to workers, including combined 
effects of dangerous substances used together and the 
related risk.
rank the severity of the established risks.

as we can see from this list of steps, assess exposure is 
one of the important parts. Exactly, this direction was chosen 
to exposure prevent and control of the dangerous substances 
in chemical laboratories.

The purpose of this study is to measure the concentra-
tion of voCs, which are used in chosen chemical laboratories 
and to assess possible occupational health risks. The aim is 
to protect people who are supervising the practice work and 
working in the harmful environment for a long time (occasi-
onally more than 8 hours). This research work is supposed to 
be conducted for a long-term period.

The measurements will be taken in different working 
areas (for example laboratory of organic chemistry, storage 
area). For conducting the analysis a passive air sampling by 
radiello cartridges with charcoal is chosen with followed 
CS2 desorption and GC with Fid or GC-mS analysis.

method used to sample collection and analysis, passive 
sampling (by means of new trade product radiello®), is con-
sidered to be a simple and rather cost-effective. Unlike active 
sampling, passive samplers require no expensive pumps and 
are simple to use (no calibration is needed). other advantages 
are:

Compact, portable
offer indication of average pollution levels over time 
periods of 8 hour to weeks/months
relatively low-cost in compare with other methods
applicable for personal monitoring and indoor air ana-
lysis

conclusions
important point of view for assessing acceptable wor-

king place is its safety requirements and conditions which 
will surround the employees, what means working environ-
ment, which consists of physical, chemical and other factors. 
These factors can unfavorable affect worker’s health by their 
poor quality or quantity, as well as duration of this affection.

Everybody wants to work in the safety and high-qua-
lity working environment. This statement enclosed in the 
European legislation and imposes some obligations on 
employers:

•

•

•

•

•
•

•
•
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assess the possible risks
Take measures to eliminate or reduce the risks
Effectiveness control of the preventive measures and 
their review

a healthy work environment means the monitoring and 
maintenance of hygienic limits in the workplace, such as 
temperature, humidity of air, proper chemical composition, 
intensity of working process etc.

University area with its laboratories is a special working 
environment. Students and other workers, who is working 
or studying in such laboratories, are exposed to many kinds 
of hazards. But the main difference is that laboratory work 
involves a greater variety of possible chemical hazards. There 
are many agents, which have flammable, explosive, toxic and 
other characteristics.

Besides obvious risks, which can emerge during labora-
tory work, there are also non-evident ones, for example, air 
quality.

among different chemical agents, there is a group of the 
most used, such as organic solvents. Some of them could be 
very harmful for human’s health, but usually for assessing 
their affection it’simportant take into account their features, 
time of exposure and concentration during exposure. 

For this purpose the methodology of indoor air analysis 
is going to be developed, which is supposed to help in asses-
sing possible occupational health risks, posed by quality of 
indoor air in chemical laboratories. The indoor air analysis is 
conducting by passive sampling with following GC with Fid 
or GC-mS analysis on long-term conditions.

•
•
•
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introduction
at EU–15 level the gross nitrogen balance in 2000 

was calculated to be 55 kg ha–1, which is 16 % lower than 
the balance estimate in 1990, which was 66 kg ha–1. in 2000 
the gross nitrogen balance ranged from 37 kg ha–1 (italy) 
to 226 kg ha–1 (the netherlands). all national gross nitro-
gen balances show a decline in estimates of the gross nit-
rogen balance (kg ha–1) between 1990 and 2000, apart from 
ireland (22% increase) and Spain (47% increase). The fol-
lowing member States showed organic fertilizer application 
rates greater than the threshold of 170 kg ha–1 specified by 
the nitrates directive in 2000: the netherlands (206 kg ha–1) 
and Belgium (204 kg ha–1). The general decline in nitrogen 
balance surpluses is due to a small decrease in nitrogen input 
rates (–1.0 %) and a significant increase in nitrogen output 
rates (10 %). The gross nutrient balance for nitrogen provi-
des an indication of potential water pollution and identifies 
those agricultural areas and systems with very high nitrogen 
loadings. as the indicator integrates the most important ag-
ricultural parameters with regard to potential nitrogen surplus 
it is currently the best available approximation of agricultural 
pressures on water quality. High nutrient balances exert pres-
sures on the environment in terms of an increased risk of lea-
ching of nitrates to groundwater. The application of mineral 
and organic fertilizers can also lead to emissions to the atmo-
sphere in the form of nitrous dioxide and ammonia, respecti-
vely. Gross nitrogen balances are above 100 kg per ha in the 
netherlands, Belgium, Luxembourg and Germany. They are 
particularly low in most mediterranean countries given the 
overall lower livestock production in this part of Europe.  
it is currently not possible to provide gross nitrogen balance 
estimates for the new EU member States and the accession 
as the relevant statistical data are under elaboration. national 
balances, however, can mask important regional differences 
in the gross nutrient balance that determine actual nitrogen 
leaching risk at regional or local level. individual member 
States can thus have acceptable gross nitrogen balances at 
national level but still experience significant nitrogen lea-
ching in certain regions, for example in areas with high lives-
tock concentrations. There are a number of regions where pig 
livestock units have increased by more than 25 % between 
1990 and 2000 (for example, north-western denmark, north-
western France, north-eastern Spain and northern Belgium). 
These are likely to be regional ‘hotspots’ for high gross nitro-
gen balances that can lead to environmental pressures. mem-
ber States with high nitrogen balances are making efforts 
to reduce these pressures on the environment. These build  

on a range of different policy instruments, requiring consi-
derable political effort to succeed given the significant social 
and economic consequences of reducing livestock production 
in many affected areas3,4.

experimental
We realized experiments with laying hens Shaver 

Starcross 288, which ingested feed mixture with different 
protein content. in six experiments laying hens fed feed 
mixture with protein contents 173.10 g per kilogram and in 
four experiments were used feed mixture with protein con-
tents 146.12 or 146.68 g per kilogram. it is soya cereal type 
assigned for laying hens. The laying hens ingested fodder ad 
libitum.

Within experiments were researched: 
protein contents in feed mixture in one kilogram (chemi-
cal analysis – Kjeldahl method and calculation),
excreted nitrogen [g kg–1] in dropping per bird and day 
(chemical analysis – Kjeldahl method and calculation).

results
Higher protein contents 173.10 g per kilogram of feed 

mixture resulted in excreted dropping at laying hens higher 
nitrogen contents in compare with protein contents 146.40 g 
per kilogram feed mixture. after ingestion of feed mixture 
with protein content 173.10 g per kilogram was nitrogen 
content in dropping from 1.88 g per bird and day. The laying 
hens, which fed feed mixture with protein contents 146.40 g 
per kilogram, excreted the nitrogen in dropping 1.38 g per 
bird and day. From these results follows that near decrease 
protein contents in feed mixture from 173.10 to 146.40 g 
per kilogram is possibility of nitrogen decrease in excreted 
dropping at laying hens about 26.60 % per bird and day. This 
different of decrease of excreted nitrogen in dropping at layers 
is statistically significant (P < 0.001). Correlation coefficient 
between content of crude protein in feed mixture and content 
of nitrogen in dropping at layers has high level r = 0.99.

Low-protein diet system for layers with addition of 
amino acids is beside biologically-cattle-breeding, economi-
cal and ecological too.

Progressive decrease of proteins content to 146.0 g per 
1 kg feeding mixture set up the order of limiting amino acids 
for layers: methionine, lysine, tryptophane and threonine5.

on bases of results model trials on layers were conclu-
ded that feeding, fat-enriched mixture supplied dL-methio-
nine, choline chloride and vitamin B2 by need of the effective 

•

•

Table i
Excreted nitrogen [g kg–1] in dropping at laying hens, which 
ingestion of feed mixture with different protein contents

 Trial index  Sd v% t-test
 1st CP [g kg–1] 173.10 0.91 0.52 55.68+++

 2nd CP [g kg–1] 146.40 0.32 2.68
 1st n [bird day–1] 1.88 0.005 0.22 18.52+++

 2nd n[bird day–1] 1.38 0.02 1.57
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substance possible reach adequate the laying, egg weight and 
their quality on the economical using of the feedstuff and 
lower environment load1. in order experiment autors con-
firmed results of decrease of excreted nitrogen in dropping 
at laying hens2.

conclusions
The research results about nitrogen in breeding of laying 

hens in relationship to environment protection confirmed the 
possibility its decrease. one of the possibilities is decrease of 
protein contents in feed mixture. The decrease of crude protein 
content in feed mixture from 173.10 into 146.40 g per kilo-
gram (about 15.43 %) is possibility of decrease of excreted 
nitrogen in dropping at laying hens about 26.60 %, which  
is statistically significant (P < 0.001). Correlation dependency 
between content of nitrogen in dropping at laying hens and 
content of crude protein is high, r = 0.99.

This work was supported by Scientific Grant Agency 
under the contract No. VEGA 1/4420/07.
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introduction
The elimination of the consequences of mining activities 

belongs to the most serious environmental problems nowa-
days. acid mine drainage (amd) with high metal concen-
trations and usually with low value of the pH (about 2–4) 
is mainly a result of chemical oxidation of sulphides and 
other chemical processes in overflowed mines, mining waste 
dumps and tailings. This water may transfer various heavy 
metals in a dissolved form, such as Fe, Cu, al.

The abandoned Smolník mine is regarded as an environ-
mental loading in the Central Europe region, where amd is 
generated and discharged from abandoned mine and conta-
minates the Smolník Creek catchment. This acid mine drai-
nage (amd) with pH 3–4 contents high metal concentra-
tions that vary in dependence on rainfall intensity (e.g. Fe 
500–400 mg dm–3; Cu 3–1 mg dm–3; Zn 13–8 mg dm–3 and 
al 110–70 mg dm–3) (ref.1).

There are various physical-chemical methods of treat-
ment such polluted water e.g. neutralisation, ion exchange, 
precipitation, sorption, membrane processes, filtration. The 
choice of the suitable methods is based not only on concent-
ration of heavy metals in surface water but also on economi-
cal factors.

Sorption belongs to effective and economically 
acceptable methods for heavy metals removal. deorkar and 
Tavlarides1 developed an adsorption process of inorganic 
chemically active adsorbents (iCaas) to selectively recover 
Fe3+, Cu2+, Zn2+, Cd2+ and Pb2+ from amd solutions without 
neutralization. more than 75 % of copper was removed from 
solutions by active carbon and biosorbents prepared from 
mosses, the highest sorption capacity had active carbon. on 
the other hand, pH values in the presence of active carbon 
increased almost to 9, thus copper was precipitated from the 
solution3.

The paper deals with utilization of four types of sor-
bents (zeolite, active carbon and an atypical sorbents usually 
used for oil pollutants removal from surface water: turf brush 
PEaTSorB – a hydrophobic material and universal crushed 
sorbent ECO-DRY) for cooper removal from AMD Smolník 
and presents influence of them on Cu decreasing under vari-
ous conditions. The change of pH has been monitored, too.

experimental
For study of Cu ions removal from acid mine drainage 

by adsorption, zeolites (granularity 0.5–1 mm, 2.5–5 mm, 
4–8 mm) (Zeocem, a.s., Bystré, Slovakia), active carbon 

(granularity  ≤ 0.1 mm), turf brush PEATSORB and univer-
sal crushed sorbent ECo-dry (rEo amoS Slovakia) were 
used.

Because the experiments were carried out using untre-
ated AMD (shaft Pech, locality Smolník, Slovakia), which is 
very unstable, new sampling of amd for every experiment 
was realised. Copper removal efficiency by sorptive materials 
was tested at laboratory temperature under static conditions. 
5 g zeolites, 1 g active coal, 5 g turf brush PEaTSorB and 
5 g universal crushed sorbent ECO-DRY, were overflowed 
with 100 ml  of raw amd for 24 h, then the mixtures were 
filtrated. 

The dependence of Cu concentration decreasing on time 
(1; 3; 5; 10 min) was investigated under dynamic conditions 
using turf brush PEATSORB. In filtrate was determined pH 
(mETTLEr ToLEdo) and Cu by Bicinchoninate method 
(Colorimeter dr 890, HaCH LanGE). Test of Cu precipita-
tion in amd was carried out by raw amd samples of 100 ml, 
each were titrated to pH end points ranging from 4 to 8 using 
naoH (0.5 mol dm–3). during titration, the amd solution 
was continuously stirred and the pH was monitored. When 
the preset pH end point was reached, the titrated solution was 
filtered to remove precipitated metals. The filtrate was used 
for characterizaton of copper solubility as a function of pH.

results	and	Discussion
The untreated amd (pH 3.72, Cu 2.22 mg dm–3) was 

taken for adsorption efficiency determination of various sor-
bents. In Table I efficiencies of used sorbents on Cu removal 
from amd are presented. in case of zeolite (2.5–5.0 mm), 
there was irregularity obserwed because the best adsorption 
effect was expected in the finest one. This fact can be explai-
ned as the structure faillure of the finest zeolite by acidity of 
environment. Turf brush PEATSORB was the most efficient 
(54.5 %) from tested sorbents.

all used sorbents resulted in slightly pH decrease (exep-
ting active coal) that was positive fact because as it is seen in 
Fig. 1. pH above 4 is connected with precipitation of copper 
(for amd pH 3.92, Cu 1.38 mg dm–3).

as Fig. 2. shows 55.8 % of copper were removed after 
3 minutes and the longer time of stirring wasn’t efficient. The 
pH decreasing can be explained as ion exange process by 
humic acid in turf brush4.

Table i
Efficiency of various sorbents on Cu removal

 adsorbent pH Cu [mg dm–3] efficiency [%]
 zeolite (0.5–1.0 mm) 3.5 1.94 12.6
 zeolite (2.5–5.0 mm) 3.7 1.79 19.4
 zeolite (2.5–5.0 mm) 3.6 1.93 13.1
 active coal 4.3 1.98 10.8
 ECo dry 3.7 2.17 2.2
 PEaTSorB 3.1 1.01 54.5
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conclusions
This study shows possibility of the natural adsorbents 

utilisation for Cu removal from acid mine drainage. Turf 
brush PEATSORB was the most efficient for copper removal 
– decreasing of Cu concentration in amd was about 54.5 % 
under static conditions and 55.8 % in stirred sample during 

3 minutes. Based on experimental results we can state that 
chosen adsorbents haven’t influenced pH increasing above 4 
excepting active coal hence the Cu removal can be the result 
of adsorption proces.

This work has been supported by the Slovak Research 
and Development Agency under the contract No. APVV-51-
027705
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Fig. 1. influence of pH on Cu precipitation from aMd

Fig. 2.	 Dependence	of	cu	removal	from	amD	versus	adsorp‑
tion	time

Fig. 3.	 Dependence	 of	 ph	 change	 during	 cu	 removal	 from	
amD	by	PeatSorb



Chem. Listy, 102, s265–s1311 (2008) Environmental Chemistry & Technology

s345

P06	 inflUence	of	the	comPoSite	Sorbent	
on	the	content	of	SelecteD	elementS	
in	the	SeDiment	loaD	of	the	Water	
reServoir	anD	SlUDge	beD

Ján BREHUV, OľgA ŠESTinová, TomiSLav 
ŠPaLdon, PavEL SLAnčO, JOZEF HAnčUľáK and 
EriKa FEdorová
Institute of Geotechnics of Slovak Academy of Sciences, Wat-
sonova 45, 045 53 Košice,
brehuv@saske.sk

introduction
Sediment load of the streams and water reservoirs 

(hereinafter as Wr) are a result of erosive and sedimentation 
processes of the respective basins. The term “sediment load” 
is used in hydrology according to the norm actually in force1. 
Geology and geochemistry2 use the terms “river and bottom 
sediments”. The mining waste deposited in mine sludge beds3 
constitute a residue of mining and treatment processes. Pollu-
tion of Wr with sediment load causes problems in the decre-
asing of water content in the Wr4 aggravating the protection 
of the surrounding territory against floods, etc. That is why 
the sediment load (bottom sediments) need to be removed 
from the Wr5. due to great amounts of sediments it needs to 
be decided not only on how to extract the sediments, but also 
on how to store or dispose of them.

Sludge beds are objects where waste created at mining 
extraction of raw materials and mainly created as a result of 
the following treatment technologies is deposited or sedi-
mented. They are designed and built so that they do not con-
stitute a danger for the surrounding environment. despite the 
facts mentioned above the unwilling seepage of waters from 
the sludge beds to the ground water occurs. The waters from 
the sludge bed draining containing various elements flow 
into the surface streams. depending on their level of con-
tamination by various elements, mainly heavy metals (Hm) 
the water in the surface streams and then their sediments are 
contaminated6,7.

The sediment load of streams and reservoirs may be 
classified as hydromorphic, subhydric soils8. However, there 
is a difference resting in the method of their contamination 
by various elements. They are situated in a different aquatic 
environment and catch contaminants from several sources. 
They are contaminated by a wider spectrum of elements than 
soils what makes their use9 or treatment more complicated. 
That is fully true also about the sediment load and the mining 
waster in the basins of the Hornád river (Fig. 1.) treatment 
of which is using a composite sorbent is the subject of this 
paper (poster).

The literature proves that only the treatment of drinking 
waters10, industrial waters10,11 and soils using natural zeolites 
was successful. There are published results of an experimen-
tal testing of other natural materials, but they relate to soil tre-
atment12,13 only. However, it seems that there is a need to find 
a specific technological procedure with a specific sorbent14 

for the treatment of soil, sediment or mining waste deposited 
on the dumping sites (dumps) or sludge beds (Fig. 2.) for 
a longer period of time.

experimental	Works
The most suitable solution of the problem of Hm con-

taminated sediments should be their extraction after previ-
ous solution of reduction of the content or stabilization of 
dangerous Hm contained in the sediment load (bottom sedi-
ments). That is why the first laboratory experiments were 
carried out at the beginning of 2007 monitoring the impact 
of the inorganic composite sorbent to reduce the content or 
stabilization of the elements in the sediment load of the water 
reservoir “Ružín I”. According to the producer of this sorbent 
it is made from natural raw materials. it is mixture of atomi-
cally clays, smectite basalt tuffs, alginate, dolomite, gypsum, 
zeolite, coal and others. Proportion of individual components 
is trade secret. Qualitative mineralogical analysis of this 
sorbent was made by X-ray diffraction analysis. it contain 
amorphous phase, calcite ( > 15 %) as dominant minerals 
and quartz, sericite, chlorit-caolinite, dolomite (3–15 %) 

Fig. 1.	 Situation	map	of	the	hornad	river	basin

Fig. 2.	 Situation	map	of	the	dumps	 localities	 in	hornad	river	
basin
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as accompanying minerals. The impact of the mentioned sor-
bent on the reduction of the Hn content in the sediment load 
was observed in laboratory conditions in compliance with the 
producer’s recommendation in form of a 120 and 333 days 
experiment

The procedure of the 120-day experiment was as fol-
lows. First, 9.5 g of the sediment were weighted and 0.5 g 
of the sorbent added corresponding to 5 per cent by weight. 
The samples were put in 250 ml PvC bottles for 120 days and 
poured with 10 ml of the destilled water. after expiration of 
120 days to each of the samples a 100 ml of 2m Hno3 were 
added as a leaching agent. Then, the samples were shaken for 
6 hours and sedimented for 1 hour.

a similar procedure was carried out in connection with 
the 333 days experiment. First 9.5 g of the sediment were 
weighted and 0.5 g of the mentioned sorbent added correspon-
ding to 5 per cent by weight in accordance with producer´s 
recommendation. The samples were put in 250 ml PvC bott-
les for 333 days and poured with 10 ml of the destilled water. 
after expiration of 333 days to each of the samples a 100 ml 
of 2m Hno3 were added as a leaching agent. Then, the sam-
ples were shaken for 6 hours and sedimented for 1 hour.

in both cases the contents of selected elements Cu, Cr, 
ni, Pb and Zn were ascertained using aaS methods. For 
determination of the content of Cu and Zn flame atomic 
absorption spectrometry and for Cr, ni and Pb graphite tube 
atomizer were used.

results	and	Discussion
The results of the experiment when the composite sor-

bent affected the samples of sediment load from water reser-
voir for 120 and 333 days are contained in Table i.

The results of the experiment when the composite sor-
bent affected the samples of mining waste from sludge bed 
for 120 and 333 days are contained in Table ii.

The content of elements of ni, Cr and Pb in the samples 
marked like 1C–4C as well as in the samples containing the 
composite sorbent (CS) is under the lowest limit Tv, norm for 
environment15 and that is why the results are not in Table i 
and are not commented. The remaining samples marked like 
120 d CS have shown the decrease of Cu from 4.53 to 8.20 % 
and from 11.55 to 38 % for Zn after 120 days. after 333 days 
the decrease of the content of Cu was ascertained from 5.55 
to 15.83 % and Zn showed the content decrease from 11.26 
to 37.1 %.

The cont ent of ni and Cr in procured control samples 
(C) as well as in samples containing the composite sorbent 
(CS) was under the lowest limit Tv, of the norm for environ-
ment15 and that is why the results are not commented.

The remaining samples marked as CS have shown the 
decrease of Cu from 7.25 to 11.65 %, Pb from 7.10 to 13.81 % 
and Zn from 15.36 to 19.68 % after 120 days. after 333 days 
the decrease of the content of Cu was ascertained from 11.23 
to 14.76 %, Pb from 5.87 to 11.57 % and the content of Zn 
decreased from 7.67 to 9.81 %.

application of the composite sorbent also decreased the 
contents of Cu, Pb and Zn in both samples but the percentage 
of the content of HM is insignificant. Due to very significant 
exces of the content of Cu, Pb and Zn compared to the hi-
ghest limit – iv, of the norm for environment15. recycling of 
the waste deposited in the sludge bed should be considered 

Table i
Influence of composite sorbent on content of heavy metals of 
sediment load from the water reservoir

 Sample Cu Zn
 [mg kg–1]
 1 C 151 76.4
 120 d CS 140.5 (7 %) 47.35 (38 %)
 333 d CS 127.1 (15.83 %) 48.05 (37.1 %)
 max. % of decrease 15.83 38
 2 C 168 386.8
 120 d CS 157 (6.55 %) 306.6 (20.57 %)
 333 d CS 142.9 (14.94 %) 311.7 (19.25 %)
 max. % of decrease 14.94 20.57
 3 C 48.8 54.9
 120 d CS 44.8 (8.20 %) 36.3 (33.88 %)
 333 d CS 44.0 (9.84 %) 38.8 (29.33 %)
 max. % of decrease 9.84 33.88
 4 C 342 310.8
 120 d CS 326.5 (4.53 %) 274.9 (11.55 %)
 333 d CS 323 (5.55 %) 275.8 (11.26 %)
 max. % of decrease 5.55 11.55
1C–4C control sample of sediment load without composite 
sorbent;
120 d CS a 333 d CS – samples of sediment load with com-
posite sorbent after 120 and 333 days

Table ii
Influence of the composite sorbent on the content of heavy 
metals in the waste from the mining sludge bed

 Sample Cu Pb Zn
   [mg kg–1]
 dam C 103 1,296 1,382
 120 d CS 91 1,117 1,110
  (11.65 %) (13.81 %) (19.68 %)
 333 d CS 87.8 1,146 1,276
  (14.76 %) (11.57 %) (7.67 %)
 max. % of dec. 14.76 13.81 19.68
 Lagoon C 552 2,351 2,364

 120 d CS 512 2,184 2,001
  (7.25 %) (7.10 %) (15.36 %)

 333 d CS 490 2,213 2,132
  (11.23 %) (5.87 %) (9.81 %)
 max. % of dec. 11.23 7.10 15.36
C – control sample from the mining sludge bed without com-
posite sorbent
120 d CS a 333 d CS – samples with composite sorbent
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as more favorable aiming at gaining Cu, Pb and Zn. it has 
been the very first experiment and so our opinion may not be 
considered as a decisive one.

conclusions
When verifying the content of the composite sorbent on 
the content of heavy metals in the Wr sediment load and 
wastes in the sludge bed, the decrease of the content of 
Cu, Pb and Zn has been ascertained. The decrease is not 
significant. nO other sorbents were used for the experi-
ment and so composite sorbent cannot be recommended 
for the Hm decreases. 
A long-term verification is needed for the recommenda-
tion of the application of used sorbent to decrease the 
content of Hm in sediment load as well as the mining 
waste. The results need to be considered as preliminary 
and they require further verification in the conditions “in 
situ” for the minimum of 2 years.
Further experiments should focus on the comparison of 
the used sorbent with sorbents that are accessible and 
experimentally tested, such as zeolites, bentonites, kao-
linites and based on experimental results the most sui-
table sorbents should be proposed for the sediment load, 
wastes from sludge beds or soil. 
Today, the verification of the respective sorbent is under-
way in various foreign institutes. it would be useful to 
study the results, if they are published. Later after fur-
ther experimental verification it using in our condition 
can be recommended.

This paper was made under support of the grant agency 
VEGA within the project 2/7045/27 and the Agency for Sup-
port of Research and Development based on Contract No. 
APVV-51-027705.

rEFErEnCES
 1. čSn 73 65 11: Nomenclature in Hydrology (1.7.1977)
 2. Šutriepka m.: Geochemical Research of Contamina-

tion of Bottom Sediments of Water Reservoirs of Ružín 
and Veľké Kozmalovce. doctoral Thesis. Faculty of 
natural Sciences, department of Geochemistry of the 
Comenius University in Bratislava 2007, 168 s.

 3. Peter P. and all: Designing and building up of the sludge 
beds. aLFa Bratislava, 312 p.

 4. Bobro M. , Brehuv J., Hančuľák J., Merva M.: Deve-
lopment of Erosive and Sedimentation Processes in 
the Water Reservoir Ružín. Final Report. čÚ B-3 pre 
ESPRIT Banská Štiavnica. Úgt SAV Košice, October 
1996.

•

•

•

•

 5. Brehuv J., Bobro M., Hančuľák J.: Distribution of Seve-
ral Risk Elements in the Sediments of the Water Reser-
voir Ružín I. acta montanistica Slovaca. year 2 3/1997, 
TU Košice, p. 295-297. ISSn 1335-1788.

 6.  Brehuv J.: Contamination of Sediments of the Water 
Reservoir Ružín I by heavy metals in Relation to Slime 
Pits. Acta Montanistica Slovaca. Košice, Vol.5, 3/2000, 
p. 306-309. iSSn 1335-1788. 1.

 7. Šutriepka m.: Contamination of Bottom Sediments of 
Selected Water Reservoirs by Potentially Toxic Ele-
ments: Workshop: “Creation and assessment of dan-
gerous mining Pollution“ modra-Harmónia, 15. – 17. 5. 
2006. KÚ, Prír. fak. Bratislava.

 8. Hraško J: Soil Analyses. Slovenské vydavateľstvo 
pôdohospodárskej literatúry, Bratislava, 1962.

 9. Bobro M., Brehuv J., Hančuľák J., Slančo P., Špaldon 
T., Šestinová o., Lucová K.: FinalReport – Quality 
and Quantity Research Related to Sediments and Ero-
sive Processes in the Basin of Hornád and Hnilec to the 
Water Reservoir Profile of Ružín I. in 2002 –2005 - for 
Slovenský vodohospodársky podnik š.p. Banská Štiav-
nica, Odštepný závod Košice. Úgt SAV Košice, október 
2006. 56 s.

 10. Horváthová E.: Ion Exchange on Natural Zeolites in 
the Technologies of Water Treatment and Cleaning. 
research institute of Water Economy, Bratislava, 1990, 
69.s.

 11. Jablonovská K., Štyriaková i.: Absorption of Zinc and 
Lead to Clay Minerals. acta montanistica Slovaca, 11, 
Mimoriadné číslo 2, 304 (2006).

 12. Szabová T., Bugel M., Leščinská M.: Possibility of the 
Use of Zeolites in the Protection of Environmental Com-
ponents. Acta Montanistica Slovaca. Ročník 4, 1/1999, 
p. 61-65.

 13. Reháková M., čuvanová S., gavaľová Z., Rimár J.: 
Chem. Lett. 97, 260 (2003).

 12. decision of the ministry of Environment of the Slovak 
republic on the Highest Tolerated Values of Harmful 
Substances in the Soil and on Identification of Organi-
sation Eligible to Assess Real Values of those Substances 
No. 531/1994-540. (1994)

 14. Kafka Z., Punčochářová J.: Chem. Lett. 96, 800 (2002).
 15. metodological instruction of the ministry of Environ-

ment of the Slovak republic no. 549/1998-2 for Asse-
ssment of Risks from Pollution of Sediments of Streams 
and Water Reservoirs. (1998)



Chem. Listy, 102, s265–s1311 (2008) Environmental Chemistry & Technology

s348

P08	 engliSh	fro	chemiStS	can	be	PhUn

GaBriELa CLEmEnSová
Faculty of Chemistry, Brno University of Technology, Purky-
ňova 118, 612 00 Brno, Czech Republic,
clemensova@fch.vutbr.cz

“To teach or not to teach any special English tailored to 
serve a particular profession which in our case means English 
for chemists? ...isn’t deep, substantial knowledge of general 
English everything one needs to be able to communicate?”

Such questions are often ask by many a technically ori-
ented colleague i meet at my workplace. To answer them, 
i always remember Elaine Horowitz, Phd from the School 
of Education of UT at austin (TX). She openes her doctoral 
classes on Foreign Language Acquisition with the following 
definition of language competence:

“Foreign language competence can be defined as the 
ability of authentic self presentation in that language. in other 
words, you can be called competent in L2 if the level of your 
education is reflected in the way you use this language. That 
means if a native speaker finds out who you are from the way 
you communicate.”

accepting this approach to competency we can say with 
confidence that English for specific purposes has its irre-
placeable position in a postsecondary curriculum.

ESP may not always focus on the language of one spe-
cific discipline or occupation, but it is supposed to introduces 
students to common features of academic discourse in the 
sciences or humanities, frequently called English for Acade-
mic Purposes (EaP), 

i would like to communicate some ideas and experience 
of teaching ESP classes at the Faculty of Chemistry of BUT. 
our mission of teaching English for future chemists is more 
or less challenged by these phenomena:

(i) absence of appropriate teaching materials on the 
market. We have not found any material in bookstores which 
would fit our specific needs and could be used as an English 
textbook for the chemistry students. (This said with no inten-
tion to blame any bookstore, of course!)

(ii) The different language experience of the students 
who come to our school. Their language proficiency often 
ranges from the true novice level to the advanced. The begin-
ners and lower intermediate students have the possibility to 
attend two semesters of general English classes before they 
register for ESP. However, the different level of their lan-
guage knowledge in the ESP classes cannot be fully elimi-
nated as you could hardly expect them to make the leap from 
the beginner level to the upper intermediate or even advanced 
one in one year.

(iii) The absolute majority of our students strongly 
oppose and almost detest memory based learning as they are 
used almost entirely to rely on their ability of logical rea-
soning. (“We would not have been here at BUT if we had 
been able to memorize. if we had been able to memorize, we 
would sure have studied law or humanities!)

(iv) Students, especially in the previous years, had of-
ten a feeling that English was not their major specialization. 
That they did not come here to study English but chemistry. 
despite the gradual change in this approach, there are always 
some who enter to the English classroom saying: “We are 
so tired from the previous instructions ...,” The laboratory 
classes we have just had were so tedious...”, We are just after 
organic chemistry/physics, math, … classes and tests, absolu-
tely drained both intellectually and physically, please, do not 
want us to talk…” etc, etc.

(v) Last but not least challenge is that the technically 
oriented students are not such good “natural speakers” even 
in their mother language as the students of the humanities. 
(“my goodness gracious, i do not know what to say even in 
Czech. and now you want me to communicate it in English 
on top of it…!”) 

What have we done to cope with the above mentioned 
challenges? 

ad (i) The first step to overcome the gap in the teaching 
materials on the market was the creation and implementation 
of the teaching material of our own. at the earlier stages of 
our professional lives at our school we always prepared han-
douts and distributed them at the beginnings of the lessons. 
The dramatic change in our work occurred when the internet 
was installed into most of our classrooms. The availability of 
this medium made a great stimulus for us to create an internet 
based textbook which we called English for Chemists www.
fch.vutbr.cz/ang2. When creating this material we had the 
following objectives in minds:

The structure of our faculty – it is reflected in the sele-
ction of the topics as the subject matter of the individual les-
sons corresponds with the specialization of our institutes...

Proportional balancing of the lesson content so that all 
four major skills could be developed equally. The use of 4 
different icons (indicating writing, talking, listening and 
reading) to label the individual exercises gives us a quick 
orientation.

We tried hard to bring sound into the reading activities. – 
Why do we emphasize sound so much? Everybody will agree 
that priority number 1 in foreign language instructions is to 
reach fluency. Fluency can be defined as the ability to unders-
tand and speak instantly, e.g. without translating. Fluency 
enables us to talk easily with native speakers. They easily 
understand us and we easily understand them The only way 
how to reach it goes through listening. That means we shall 
not get fluency in English just by reading English articles 
or learning grammar rules. To become fluent, students must 
have a lot of understandable, repetitive listening. it means, 
they will not learn English only with their eyes, but they 
must learn English with their ears. it is important to know 
that powerful listening must be repetitive and understandable 
(a. J. Hoge). We managed to answer this demand by the fol-
lowing ways:

the reading sections of the textbook have been vocalized 
by a native lecturer

•
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each vocabulary section is competed with a hyperlink 
going to merriam-Webster on-line dictionary which is 
soundtracked
each lesson is completed with a substantial number of 
hyperlinks going to various sound tracked specific artic-
les, animations, video recordings, demonstrations etc. 
that can be utilized for this purpose.

Exposing students to the culturally authentic sources as 
much as possible. (e.g. videotapes, radio and Tv broadcasts, 
films, songs etc.) – this material has long been advocated 
by foreign language educators as stimulating pedagogical 
aids. one of the best sources of the authentic materials for 
classroom instructions is the internet. Target language sites 
accessed through the internet offer both teachers and stu-
dents a wealth of authentic materials. The advantage of such 
materials is that they are current and readily available. Their 
topicality can be easily maintained by the regular visits of 
these web sites. That is why we completed the individual les-
sons with hyperlinks going to various specific video sections, 
songs, soundtracked animations, classroom instructions etc. 

However, it is important to remember, that the docu-
ments found on the Web, like all authentic materials, have 
been created by and for native speakers of the language. 
That means they are not written with the language learning 
in mind. For this purpose we assessed these documents from 
the perspective of their general understandability first. Then 
we have completed these materials with the tasks that suit 
even the less proficient students.

ad (ii) The different language experience of our stu-
dents

We tried to meet the needs of the less proficient students 
by creating each textbook lesson in two versions. Firstly it 
is a printable version which the student will print and bring 
with him/ her to the class. its format leaves plenty of space 
for writing down student’s own answers. Secondly, each unit 
has also the version completed with the clues to all exercises. 
This serves mainly to the less advanced ones to go through 
the explain subject matter at home again and check their 
answers or possibly to look up the correct answers.

Besides, each lesson is ended with a short self test ena-
bling the students to evaluate their comprehension.

ad (iii) Unwillingness to learn vocabulary and idioms 
by memorizing

Experts say that most of people must hear a new word 
30 times to remember it forever. To know a word and instantly 
understand it, you probably need to hear it 50–100 times. The 
students must know that it is not enough to listen to a new 
word just once or twice. as the time allocation of our classes 
do not allow to practice repetitive listening to much at school, 
the students are strongly recommended to go to all the liste-
ning material again at their leisure, e.g. at home, and repeat 
all the listening activities as many times as possible.

ad (iv) How to engage the students who are tired from 
the previous “more important” classes? The answer is: make 
the English for chemists fun.

•

•

Here the internet makes a great aid again. We can use 
various science/chemistry oriented humor, interactive quiz-
zes, crossword puzzles and various songs created by native 
students and teachers with the aim to bring fun and enter-
tainment into their chemistry classes. Songs make excel-
lent memory boosters. aS most people have strong musical 
memory, we take can advantage of this fact to make memo-
rization and learning easier. Putting words to music instantly 
makes those words more memorable.

Besides memorizing song verses our learners can profit 
from retelling the jokes, playing memory boosting quizzes 
(e.g. flash cards), solving crosswords etc.

This can be effectively completed with the popular game 
based on the repetition of the words. Everybody who has ever 
visited a language school will sure the remember the game 
called: in our local super market we can buy/i will pack into 
my suitcase … its variations on the premises of our school 
sound: in our chemistry laboratory we have … (the names 
of various laboratory equipment follow) .../Breathing carbon 
monoxide will cause… (Symptoms of Co poisoning)/iodine 
deficiency causes… etc, etc.

ad (v) Shyness to speak
during a semester students must prepare their own mini- 

presentations to meet one of the necessary conditions of get-
ting a credit. Prior this activity they are provided with all the 
necessary phrases and expressions so that they learn how 
to address the audience, introduce themselves, express the 
purpose of the paper/presentation, signpost the presentation, 
move on in the course of it, describe the pictures, verbalize 
graphical data, ask checking-up questions, invite questions, 
finish the presentation… Though the students are encouraged 
to use the topics which have been explained in the classes, 
they widely use the internet again as a rich source of additi-
onal information.

We managed to incorporate two funny chemistry ori-
ented dramas into a lesson. The plays come from the inter-
net and where created by the native authors without the lan-
guage learning objective. However, our students find them 
very entertaining and participate enthusiastically in dramatic 
readings.

 This activity also fits a multilevel class as the students 
are given the freedom in adapting the sentences. So the less 
advanced can make their entries less complicated and simp-
ler, while the more advanced ones enjoy the full versions of 
their roles. dramatization engages students emotionally and 
socially, as well as intellectually. The students thoroughly 
enjoy it, and it leaves strong, memorable impressions which 
can later help recall and improve learning. Thus at the end of 
the activity they are able to repeat various catch phrases by 
heart (e.g. thanks to the plays “Becoming an alcohol – a sad 
story of good oxygen becoming bad”, or “Electrophilic addi-
tion” they will long remember structures as: “my mom has 
always warned me against organic acids”, “it is against the 
rule. What rule? markovnikov’s rule!” aren’t my electrons 
good enough for you? “along comes electron hogging  
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chlorine” “Keep your precious electrons for yourself, you … 
!” etc).

The students are encouraged to role play the authentic 
professional dialogues videotaped for instructional purposes 
as well as those which are found on the ESL web pages.

after all, we can say that English for chemists is pHun!
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introduction
Polyurethanes are the world’s sixth most abundant syn-

thetic polymer. The most of their production represent flexible 
polyurethane foams. at the end of their life-cycle they are 
often deposited on waste dumps, where they degrade under 
the influence of various environmental factors; photodegra-
dation and hydrolysis are the main routes. after that, their 
degradation products can be distributed in the environment. 
in common, synthetic polymers are not prone to environmen-
tal degradation. Therefore, they could stay there for a long 
time. Their degradability can be improved by addition of the 
biodegradable filler.

The generation of volatile products has been reported 
from the photo- and thermal degradation of many poly-
mers.1–4 Complex mixtures of degradation products of this 
type were for example identified in starch-based polymers5. 
Till now, there is no information about volatile compounds 
generated during photodegradation of synthetic polyurethane 
with biodegradable filler. Several studies have been develo-
ped on the Uv degradation of aromatic polyurethane. Such 
photo-degradation has already exhibited formation of free 
radicals, recombination, scission of bonds, crosslinking and 
oxidation reactions6,7.

This paper is focused on the identification of vola-
tile photodegradation product of polyurethanes modified 
by biodegradable filler using Solid Phase Microextraction 
(SPmE) and Gas Chromatography linked to mass Spectro-
metry. The SPmE method was selected in the experiment for 
its fastness, simplicity and environmental friendness.

experimental
m a t e r i a l  a n d  S a m p l i n g

Polyurethane foam modified with biodegradable filler 
like carboxymethyl cellulose, acetylated potato starch, cel-
lulose acetate, 2-hydroxyethyl cellulose and wheat protein 
were prepared at the institute of material Chemistry at Facu-
lty of Chemistry, Brno University of Technology. 

For sampling of volatile compounds the system consi-
sting of quartz tube with Teflon cover and two SPME holders, 
the first with polyacrylic fibre (PA) 85 µm and the second with 
polydimethylsiloxane fibre (PDMS) 100 µm (both Supelco, 
USa) and Uv lamp (high-pressure mercury discharge tube, 
λ  =  254 nm), was set-up. The system is shown on Fig. 1.

G C - m S  a n a l y s i s
Separation and identification of volatile compouds from 

Uv-induced polyurethane foam photodegradation was rea-
lized using agilent 6890n gas chromatograph coupled with 
agilent 5973 mass selective detector (agilent Technologies, 
germany). HP-5MS column 30.0 m × 0.25 mm × 0.25 μm 
was used for the separations. The injector and transfer line 
temperature was 270 °C. The GC oven temperature pro-
gram for PDMS fibre was: 4 min at 40 °C, then increased 
at 15 °C min–1 to 100 °C, then 8 °C min–1 to 270 °C, then 
15 °C min–1 to 280 °C. For the compounds desorbed from 
PA fibre the column temperature program was slightly modi-
fied: 4 min at 40 °C, increased at 10 °C min–1 to 230 °C, then 
15 °C min–1 to 280 °C. injection/desorption of analytes from 
SPME fibres was realized in splitless mode. Helium was used 
as the carrier gas at a constant flow of 1 ml min–1. ion source 
temperature was 230 °C, electron ionization at 70 ev was 
used. Quadrupole analyzer of the mSd was operated in scan 
mode within a range 30–550 amu, solvent delay was 4 min. 
Identification of separated compounds was based on nIST 05 
spectral library search.

results
Seven types of polyurethane foams with different fillers 

and reference foam without filler were irradiated by UV lamp 
during this study. volatile compounds were sorbed on Pa and 
PDMS fibers and desorbed, separated and detected by gC-
MS technique.

 All identified compound are listed under chromato-
grams (Figs. 2. and 3.). many various compounds have been 
identified.

Group of branched and non-branched aliphatic hydro-
carbons containded: pentadecane, hexadecane, heptadecane, 
2,6,10,14-tetramethylpentadecane, 2,6,10,15,19,23-hexa-
methyl-2,6,10,14,18,22-tetracosahexaene (Squalene). These 
compounds are probably formed by homolysis of bonds in 
soft part of polyurethane. 

Group of ketone and fatty acid esters contained: 6,10-
dimethyl-5,9-undecadiene-2-one, methylester of dodecanoic 
acid and isopropylester of tetradecanoic acid.

By photo-oxidation of alkenes hydroperoxides were 
formed – 1,3-dioxane and 2-methyl 1,3-dioxane. 

Fig. 1.	 System	for	sampling	of	vocs	formed	by	photodegrada‑
tion	of	polymer
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also nitrogen derivates were detected, namely line of 
alkyl-substitued morpholines and n,n-dimethyl-1-hexade-
canamine.

By the photolysis of hard segment of polyurethane foam 
2,5-diterc-butyl-1,4-benzochinone, 2,6-bis(1,1-dimethye-
thyl)-4-(1-oxopropyl)phenol and 2,4-diisocyanatotoluene 
(2,4-Tdi) were formed. 

2,4-Tdi is very volatile and toxic. The compound is 
used as main reagent at synthesis of polyurethane. 2,4-Tdi 
was detected in case of all polymers modified by celulose 
derivate fillers. It is difficult to say whether that compound is 
photodegradation product of polyurethane foam or unreacted 
raw material residue. it will be studied in the next research.

all the compounds were detected in most polyurethane 
samples. There was observed qualitative change only. 

Quantitative differences were found in the case of mino-
rity distribution compounds. Their identification using library 
search in niST 05 was unsuccessful in most cases. Probably 
small concentrations of analyte and resulting low-intensity 
mass spectra could be the reason, or – due to specific charac-
ter of volatile compound made by irradiation of polyurethane 
foam – their mass spectra are not included in this library. 

PA fibre shows higher selectivity in comparison with 
PDMS fibre which in opposite gives more complex informa-
tion about volatile compounds formed during photodegrada-
tion of polyurethane.

conclusions
in this study the SPmE method was applied for the 

identification of volatile compounds formed by irradiation 
of polyurethane foams modified by biodegradable fillers. A 
wide range of compounds was detected and most of them 
were succesfully identified by library search. The identifica-
tion of the remaining compounds will be a subject of the next 
research.

The finantial support from the project no.MSM 
0021630501 from Ministry of Education, Youth and Sport of 
the CR is greatly acknowledged.
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Fig. 2.	 volatile	 degradaction	 products	 of	 polyurethane	 foam	
sorbed on PdMs fibre
1: 2-methyl-1,3-dioxane, 2: 2,4-diisocyanatotoluene, 3: 6,10-
dimethyl‑5,9‑undecadiene‑2‑one,	 4:	 2,5‑diterc‑butyl‑1,4‑ben‑
zochinone,	5:	pentadecane,	6:	hexadecane,	7:	2,6‑bis(1,1‑dimeth‑
yethyl)‑4‑(1‑oxopropyl)phenol,	 8:	 1‑methylester	 dodecanoic	
acid,	 9:	 4‑decyl‑morphline,	 10:	 heptadecane,	 11:	 2,6,10,14‑te‑
tramethylpentadecane,	 12:	 isopropylester	 tetradecanoic	 acid,	
13: 4-undecyl-morpholine, 14: n,n-dimethyl-1-hexadecanamine, 
15:	4‑tetradecyl‑morpholine,	16:	squalene,	17:	4‑hexadecyl‑mor‑
pholine

Fig. 3.	 volatile	 degradaction	 products	 of	 polyurethane	 foam	
sorbed on Pa fibre 
1: 2-(2-ethoxyethoxy)-ethanol, 2: 2-ethyl-hexanoic acid, 3: 1,3-
dioxane, 4: 2-methyl-1,3-dioxolane, 5: 2-methyl-1,3-diisocyana‑
tobenzene,	 6:	 2,6‑bis(1,1‑dimethyethyl)‑4‑(1‑oxopropyl)phenol,	
7:	 4‑decyl‑morpholine,	 8:4‑undecyl‑morpholine,	 9:	 n,n‑dime‑
thyl‑1‑hexadecanamine,	10:	4‑tetradecyl‑morpholine,	11:	4‑hex‑
adecyl‑morpholine
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introduction
With rising requirements for protection water resour-

ces and thereby for quality of effluent wastewater too, more 
complex technologies for wastewater treatment are applied 
as well. These technologies are characterised by more pro-
cesses with different reaction rates and requirements in term 
of reaction conditions, interactions and generally by more 
complex structure of treatment lines. The complexity of these 
systems is also related to mutual interaction between waste-
water treatment plant (WWTP) and others parts of the urban 
wastewater system, e.g. sewer system and receiving water 
(Derco and Schütze, 2004). Consequently, designing of pro-
cesses and technologies and their efficient operation are also 
significantly complex.

mathematical models and simulations programs belong 
to prospective and currently more often utilised tools. They 
offer a simple way how to analyse changes in technologies 
at WWTP by optimisation or intensification already existed 
plants or it can help by designing new WWTPs as well.

The results of application of the activated Sludge model 
no. 1 (aSm1) (Henze et al., 1987) using dynamic simulations 
for verification of steady state design with regard to dynamic 
behaviour of the WWTP and for prediction dynamic effluent 
concentration values are presented.

Dynamic	Simulation	of	WWtP
aSm1 was used for modelling of the biological stage 

at real WWTP in nové Zámky (Fig. 1.). Two series of mea-
surements included diurnal variations of wastewater flow 
and composition in input and output at the biological stage 
were carried out. The first set of measurement was perfomed 
in May 2002, when the nitrification process was operated. 
Because of expected more stringent requirements in effluents, 
this activated sludge plant was upgraded in 2003 applying a 
pre-denitrification system. The second measurements were 
realised after the reconstruction (in march 2007). The results 
of measurements were transformed into organic and nitrogen 
pollution fractions according to structure of the aSm1.

For comparison of the experimental and the calculated 
resultant concentration values in the WWTP effluent were 
chosen criteria according the regulation of the Slovak gover-
nment (2005). The model aSm1 and the default parameter 
values included in the SimBa program have been used for 

performing dynamic simulations. The calculated concentra-
tion values for individual pollutants in daily composite sam-
ples were calculated based on pollutant mass balancess.

results
m o d e l  S u i t a b i l i t y

First step of simulations was to verify suitability of 
aSm1 to describe WWTP. From the results (Fig. 2) it can be 
concluded that the dynamic simulations describe the experi-
mental effluent values quite well.

v e r i f i c a t i o n  o f  S t e a d y  S t a t e 
d i s i g n  b y  d y n a m i c  S i m u l a t i o n

The purpose was to verify the results of conventional 
steady-state design of the WWTP biological stage (derco et 
al, 2004) for future upgrading with regard to expected load in 
2036. The data for this scenario were obtained from the ope-
rator of the WWTP – Západoslovenská vodárenská spoloč-
nosť, a.s. Resulting values (7 mg dm–3 ammonium nitrogen 
and 9.3 mg dm–3 total nitrogen) of dynamic simulations are 
lower than today’s effluent standards (10 mg dm–3 ammo-
nium nitrogen and 15 mg dm–3 total nitrogen). it can be sum-
marised that the steady state design for the WWTP upgrading 

Fig. 1.	 Schemes	 of	 WWtP	 setups;	above:	 WWtP	 before	 re‑
construction (2002); Below: WWTP after reconstruction (2007)

Fig. 2. effluent concentrations of ammonium nitrogen at 
WWtP	after	reconstruction	(*experimental	and	–calculated	val‑
ues)
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with perspective for 2036 follows also the dynamic effluent 
standard values. it can be expected that upgraded WWTP will 
meet current legislation also with regard to dynamics of the 
processes.

The first task was to investigate what could happen if the 
reconstruction in 2003 had not been carried out. The effluent 
concentration values are shown in Table i. The load in 2007 
and consequently the effluent concentration values are lower 
than in 2002 due to industrial activities reduction. This result 
could lead to the conclusion that there had been no need for 
the reconstruction of the WWTP in 2003. However, because 
of the more stringent requirements (Regulation of the Slovak 
government, 2005) which permits 10.0 mg dm–3 for ammo-
nium nitrogen for effluent of WWTP with corresponding load, 
it was necessary to carry out the reconstruction. Therefore, it 
should be stressed that the WWTP without this reconstruction 
would not be able to meet current effluent standards.

The second task was to study what would happen if the 
pollution load of actual biological stage of the WWTP increa-
sed to values expected in 2036. The results of dynamic simu-
lations show that even if the load will increase, the WWTP 
will be able to meet current effluent requirements.

conclusions
Two time-variable influent and effluent data sets of was-

tewater flow and composition were measured for different 
technological arrangements of the WWTP and were applied 
for dynamic simulations.

it can be concluded from the work that the mathematical 
model aSm1 is suitable for the description of the process 

dynamics of the WWTP biological stage. good fit between 
experimental and calculated effluent concentration values 
resulted from performed dynamic simulations. 

The results of dynamic simulation confirmed the neces-
sity of the WWTP reconstruction carried out in 2003 in order 
to comply with actual legislation requirements. 

Compliance with actual effluent limits follows for pre-
vious steady state design and upgrading of the WWTP when 
investigating dynamics of the process. 

according to results of dynamic simulations it can be 
expected that the existing WWTP will comply with actual 
discharge standards also for pollution load as expected in 
2036.

This work has been supported by the Slovak Grant 
Agency for chemical and chemical-technological science 
(Grant No. 1/0866/08). The authors would also like to 
thank Ľubomír Krcho and Monika Polláková for the help by 
acquirement influent, effluent and operational data from the 
WWTP.
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Table i
results of simulations

  WWTP 2002 1st task WWTP 2007 2nd task
 plant layout 2002 2007
 load situation 2002 2007 2007 2036
 n-nH4 25.06 20.89 0.81 4.05
 [mg dm–3]
 n-no3 0 0 7.47 3.91
 [mg dm–3]
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introduction
The diffusive gradients in thin films technique (DgT)1 

is used more than 10 years for determination of kinetically 
labile metal species in natural waters, soils and sediments2. 
However this technique is at the present time validated for 
measurement of more than 50 metals, only few attention was 
applied to measurement of mercury.

as we reported in our previous studies3,4, combination 
of agarose diffusive gel together with the sorption gel conta-
ining resin with thiol functional groups is the best choice for 
measuring of mercury by dGT. nevertheless, at the present 
time there is almost no resin of this type for direct use in 
DgT on the market. For DgT, strictly defined size of resin 
about 100 μm is used. As the resins available on the market 
have particle size about 1 mm, there is need to crush their 
particles and separate the required fraction by sieving. This 
activity can seriously contaminate the resin or it can change 
its properties.

in presented study we try to prepare needful resin by our 
self in laboratory. The iontosorb av resin (iontosorb, Czech 
Republic) with particle size 50–100 μm was used in advance. 
This resin contains free amino group which can be easily dia-
zotated (Fig. 1.). Resulted diazonium salt can be subsequently 
used for raction with specific reagent containing thiol groups. 
in this work we used 6-mercaptopurine as this reagent. new 
modified Iontosorb AV was characterised in laboratory and 
then it was used to prepare sorption gels for DgT technique. 
The performance of DgT with modified Iontosorb AV was 
then tested in model mercury solution.

experimental
m o d i f i c a t i o n  o f  i o n t o s o r b  a v 
r e s i n

Iontosorb AV was modified using diazotation and copu-
lation reactions5,6. The amount of 5 g iontosorb av was 
washed with hydrochloric acid and then with ultrapure water 
to neutral pH. after washing, diazotation was performed at 
0–5 °C using 1m solutions of hydrochloric acid and sodium 
nitrite. diazotation was stopped after adding of 40 ml of rea-

gents. Yellow product was filtered out and washed several 
time with ultrapure water. diazonium salt was then placed to 
the continuously mixed and cooled reactor containing 3.5 g of 
6-mercaptopurine dissolved in 10% (v/w) sodium carbonate. 
After 24 h new red-brown product was filtered out, washed 
several time with ultrapure water and dryed in exicator.

a n a l y t i c a l  C o n t r o l  o f  n e w 
F u n c t i o n a l i s e d  r e s i n

Qualitative test was done using an infrared spectroscopy 
(impact 400, nicolet, USa). infrared spectrum of new func-
tionalized resin was compared with blank infrared spectrum 
of iontosorb av.

Quantitative test of thiol groups was done by iodometric 
titration at pH ~ 9. To 50 mg of modified Iontosorb AV, 25 ml 
of 0.001m potassium iodine was added, and after 5 min of 
shaking and 30 min of standing in the dark, resulted solution 
was titrated by 0.001m ammonium thiosulphate.

T e s t i n g  o f  n e w  F u n c t i o n a l i s e d 
R e s i n  f o r  U s e  i n  D g T  T e c h n i q u e

Sorption gels for DgT technique were prepared by 
incorporation of modified Iontosorb AV into the agarose gel. 
The amount of 0.2 g of modified Iontosorb AV was added to 
a hot agarose solution (4% (v/w)) and the hot solution was 
casted between two glass plates separated by 0.4 mm plastic 
spacers. The disks 2 cm in diameter were cuted out from the 
gels after cooling down and washig of the gel sheets.

diffusive gels were prepared by similar way, the only 
one difference was that clear hot agarose solution (3% (v/w)) 
and 0.8 mm plastic spacers were used.

The agarose sorption and diffusive gels were used to 
assembly the dGT unit. Four dGT units were exposed in 
a 5 dm3 beaker containing well mixed 10 μg dm–3 mercury 
solution for 3 h to perform basic dGT test. Simultaneously 
to the exposition of dGT units, mercury concentration in the 
solution was measured by atomic absorption spectrometry 
(ama 254, altec, CZ).

Fig. 1.	 chemical	formula	of	iontosorb	av

Fig. 2. infrared spectrum of iontosorb aV (1) and new func‑
tionalized	resin	(2)
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results
Sucessful incorporation of 6-mercaptopurine to ionto-

sorb av was proved by chage in resin colour from white to 
red-brown. infrared spectroscopy has shown a new peak in 
iontosorb av spectra with wave nuber 2,362 cm–1 (Fig. 2.). 
This is a characteristic peak for thiol groups. The amount 
of thiol groups was determined by iodometric titration to be 
0.5 mmol g–1. This should be enough to prevent the saturation 
of functional groups when dGT sampling units are deployed 
in natural waters. new resin was successfully incorporated 
into the agarose gel. The agarose gel as a support for resin 
was chosed because of problems associated with commonly 
used polyacrylamide gel. in polyacrylamide gel, the new 
resin aggregated and it was difficult to prepare homogenous 
gel. in agarose gel there was no problem with aggregation of 
resin particles. after optimalization of sorption gel prepara-
tion procedure, basic dGT test was performed. results from 
this experiment are shown in Table i. it can be seen that the 
difference between real mercury concentration measured by 
aaS and mercury concentration calculated from accumulated 
mass of mercury in resin gels extracted from dGT sampling 
units is less than 10 %. This result matches the requirements 
of dGT research Ltd. for right function of dGT.

conclusions
This study proved that the 6-mercaptopurine functiona-

lised iontosorb av is useable for measuring of mercury in 
natural waters by dGT and it provided useful informations 
for further experiments in which better characterization of 
new sorbent will be carried out and more extensive investiga-
tion of its use in dGT will be done. For example, experiments 

in solutions containing natural ligands and experiments in 
real sytems will be realized during the next years and a com-
parison with other sorbents usable in dGT will be done.

Acknowledgement: This work has been supported by 
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Tokar is acknowledged for providing free Iontosorb AV sam-
ple.
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Table i
results from basic dGT performance test

 dGT concentration real concentration  difference
 [μg dm–3] [μg dm–3] [%]
 7.5 8.0 ± 0.4 6
 8.2 8.0 ± 0.4 3
 8.7 8.0 ± 0.4 8
 8.2 8.0 ± 0.4 3
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introduction
alkyl mercury compounds belong to a group of orga-

nometallic compounds with a high bioaccumulation poten-
tial. They are formed from inorganic forms in a methylation 
process and exhibit 100 times higher toxicity than inorganic 
forms1. methyl mercury is a neurotoxin which attacks the 
central nervous system (CnS). The most frequent pathway 
by which methyl mercury enters the body is through the gast-
rointestinal tract which may absorb up to 95 % of methyl 
mercury received by a man via fish meat. It may also pene-
trate through the skin. it is well soluble in fat which explains 
its transport through blood-brain barrier and diffusion into 
cell membranes. it also passes the foetal placenta; the risk 
of damage to the foetus occurs at a mercury concentration in 
hair as low as 15–20 mg kg–1. The tolerated dose of mercury 
in man is 33 μg per 70 kg of body weight2,3,4. methyl mercury 
was responsible for a large number of intoxications in the past. 
For example, fish living in water polluted with waste from a 
chemical company producing chlorine caused intoxication by 
methyl mercury in Japan while mercury intoxications in Iraq 
were caused by the grain treated with methyl-mercury-conta-
ining fungicides that was originally intended as seed5. methyl 
mercury is the most common organic form occurring in bio-
logical systems. it is soluble in water and is relatively stable. 
it passes biological membranes easily and has a long half-
time of decomposition up to 70 days4. methyl mercury has 
the highest partition coefficient Kow, which explains its high 
affinity towards fat. Methylation is one of the mercury’s most 
important environmental reactions. methylation takes place 
in the sediment as well as in sea water and fresh water. The 
fastest rate of methylation was observed on the sediment’s 
surface that was in contact with water 6,7.

experimental
The optimization of the method was carried out using 

the Certified Reference Material CRM 464; tuna fish conta-
ining a total amount of THg = 5.24 μg g–1 and methyl mer-
cury MeHg = 5.5 μg g–1. The sample weighed 0.1 g. a total 
of 5 samples were extracted and each sample was subjected 
to three parallel measurements. Extraction was performed 
according to the published method8. Gas chromatography 
was used as the final analytical method. The results of parallel 
measurements were evaluated as mean values and their stan-
dard deviation was calculated.

results
The Certified Reference Material was used particu-

larly for the determination of metrological parameters of the 
method. The mean recovery of extraction was found to be 
64.9 ± 2.0 %. The lower recovery rate as compared to the 
literature(ref.8) could be caused by the certified reference 
material used which just passed the expiry date. as a result, 
the content of methyl mercury might differ from that pro-
vided in the certificate. Fig. 1. shows the chromatogram of 
the analysis of MeHg isolated from the certified reference 
material.

Table ii contains the results of recovery from individual 
parallel measurements of methyl mercury levels in the Crm 
(marked as 1–5).

To determine the accuracy of methyl mercury deter-
mination using gC/μECD, 5 parallel measurements of the 
certified reference material were carried out. The results are 
provided in Table iii.

Table i
The conditions of the gC/μECD analysis

 Parametrers of gC/μECD
 Column DB-608, 30 m × 0.530 mm × 0.5 μm
 injection splitless
 injector temperature  250 °C
 Carrier gas He,3 ml min–1, constant flow
 detector temperature  250 °C
 make-up gas n2, 20 ml min–1

Fig. 1. Chromatogram for the certified reference material

Table ii
Recoveries for 5 parallel samples of certified reference mate-
rials. declared value of meHg – 5,500 [ng g–1]

 Crm mean c  meHg recovery
  peak area [ng ml–1] [ng g–1] exper. [%]
 1 6,163.81 40.05 3,559.60 64.72 ± 0.51
 2 7,030.21 45.67 3,653.96 66.44 ± 3.80
 3 6,938.18 45.08 3,606.12 65.57 ± 1.71
 4 6,884.60 44.73 3,578.27 65.06 ± 0.61
 5 6,625.99 43.05 3,443.86 62.62 ± 3.59
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conclusions
The method of determining the level of methyl mercury 

in fish muscles using gC/μECD was modified. The optimiza-
tion of the method was performed using the Certified Refe-
rence material. on the basis of recovery and accuracy, it was 
concluded that the test procedure without sample pre-treat-
ment can be applied with this method of analysis.

This work has been supported by by the grant No. 
6215712402 given by MSMT.
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Table iii
The accuracy of methyl mercury determination using  
gC/μECD

  mean level [ng g–1] rSd [%]
 meHg 3,568.36 1.79
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introduction
Ecotoxicity involves the identification of chemical 

hazards to the environment. The Globally Harmonized Sys-
tem of Classification and Labeling of Chemicals (gHS) 
describes testing for hazards to the aquatic environment in 
Part 3, Chapter 3.10 (UnECE, 2004a). annex 8, Guidance 
on Hazards to the Aquatic Environment (UnECE, 2004). 
Ecotoxicity tests can be classified into two following catego-
ries: standard and alternative tests.

The ecological testing according to US EPa and 
UnECE includes many tests; however, several methods of 
ecotoxicological testing are used in the Czech republic. For 
the typical standard and alternative aquatic ecotoxicological 
tests crustacea (Daphnia magna, Thamnocephalus platyu-
rus, and Artemia salina), aquatic plant (Lemna minor), algae 
(Desmodesmus subspicatus, Scenedesmus subcapitatus, Sele-
nastrum capricornutum) are used. in accordance with oECd, 
UnECE and Czech legislation the standard tests include 
these organisms in following tests – Daphnia magna (oECd 
Test no. 202: daphnia sp. acute immobilizations Test, En 
iSo 6341:1996), Desmodesmus subspicatus (oECd – Test 
no. 201: alga, Growth inhibition Test, iSo 8692:2004). The 
aquatic organism Lemna minor (oECd Test no. 221: Lemna 
sp. Growth inhibition Test, iSo 20079:2005) is application 
in oECd and iSo standard methods for the testing of che-
micals.

experimental
The general principle of ecotoxicological tests is the 

determination of effective concentration (EC50), eventu-
ally lethal concentration (LC50) or inhibition concentra-
tion (iC50). The limit test corresponds to one dose level of 
100 g dm–3. a stepwise procedure involves four steps: the 
limit test, confirmatory test, basic test and definitive test. 

These types of studies produce end points such as LC50, 
EC50 and noEC. EC50, LC50 and iC50 are the effective 
concentrations (i.e., the concentration of material in water 
that is estimated to produce a specifically quantified effect 
to 50 % of the test organisms). The EC50 and its 95 % con-
fidence interval are usually derived by statistical analysis of 
a quantal, “all or nothing”, response (such as death, fertilisa-
tion, germination, or development) in several test concentra-
tions, after a fixed period of exposure. End point means the 
variables (i.e., time, reaction of the organisms) that indicate 
the termination of a test, and also means the measurement(s) 
or value(s) derived, that characterise the results of the test 
(EC50). LoEC (lowest observed effect concentration) is the 

lowest concentration tested causing a statistically measurable 
effect to the test system. noEC (no observed effect concen-
tration) is the highest concentration tested causing no statis-
tically measurable effect to the test system. The parameters 
LoEC and noEC may be statistically determined. 

The aim of statistical analysis of ecotoxicological data is 
to obtain a quantitative concentration-response relationship 
by regression analysis. For this purpose many models could 
be used such as: linear interpolation, polynomial regression, 
log–logistic regression, probit model, Weibull model, dun-
nett test, William test, Jokheere-Terpstra test.

E c o t o x i c o l o g i c a l  T e s t s  f o r 
d e t e r m i n a t i o n  o f  E c o t o x i c i t y  o f 
S t a n d a r d  K 2 C r o 4

The standard chemical K2Cro4 was used for the deter-
mination of ecotoxicity, for th estimation of sensitivity of 
testing organisms Dapnia magna Strauss, (daphtoxkit F™ 
magna – standard test) Thamnocephalus platyurus (Tham-
notoxkit F™ – alternative test) and Lemna minor (standard 
test oECd) and for validation and comparison of obtained 
results with the declared values. Table i performs the basic 
parameters of tests in coordinance with the directive.

results
on the base of analysis of obtained ecotoxicological 

results for studied tests the values of EC50, LC50 and iC50 
were determined for standard chemical K2Cro4. The experi-
mental data with the basic statistic characteristics are sum-
marized in Table II. The EU-Directive 93/67/EEC classifies 
substances according to their ecotoxicological value (EC50). 
on the base of obtained data from ecotoxicological tests 
(crustacea tests daphtoxkit F™ and Thamnotoxkit F™) the 
study chemical belongs to very toxic for aquatic organisms. 
The studied chemical K2Cro4 is also toxic to aquatic orga-
nisms for macrophyta Lemna minor.

The Thamnocephalus platyurus was found 
as the test organism of highest sensitivity with  
LC50  =  0.092 ± 0.002 mg dm–3. The effective concentra-
tion (EC50/24 h) from daphtoxkit F™ for exposure 24 
hours was 0.99 ± 0.022 mg dm–3 and the effective concen-
tration (EC50/48 h) was confirmed 0.79 ± 0.031 mg dm–3 
The inhibition concentration for Lemna minor (iC50/168 h) 
was calculated from average specific growth rate and con-
firmed via percent reduction in yield, IC50/168 h was equal 
to 20.52 ± 0.399 mg dm–3. For validation and confirmation of 
experimental data the probit model was used for determina-

Table i
The parameters of tests

 Parameters daphtoxkit Thamnotoxkit Lemna
  F™ F™ minor
 c [mg dm−3] 0.32–3.20 0.032–0.320 10–160
 T [°C] 22 ± 2 20 ± 2 24 ± 2
 i [lx] 6,000 4,000 –
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tion of ecotoxicological parameters. Calculated values from 
probit model and experimental values were in very good cor-
relation with declared value of tests. 

conclusions
The ecotoxicity of the tested chemical was confirmed by 

the application of ecotoxicological tests. in the majority of 
cases, on the base of the obtained results of the study tests with 
chemical, the tests perform very suitable way for the study of 
ecotoxicity and can be used for evaluation of ecotoxicity of 
other chemicals and wastes. This study confirmed declared 
value and all data were statistical evaluated in detail, and the 
sensitivity of testing organism was also confirmed.

This work has been supported by Project No. MSM 
002163050 form the Ministry of Education, Youth and Sports 
of the Czech Republic, and from the COST ACTION 636 Pro-
ject No. OC 183.
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Table ii
The ecotoxicity of K2Cro4 (n  =  9; concentration in mg dm–3)

 daphtoxkit F™ Thamnotoxkit Lemma
  EC50/ EC50/ F™ minor
  24 h 48 h LC50/24 h iC50/168 h
 declared 1.03 0.75 0.10 –
 values
 Experim. 0.99 0.79 0.092 20.52
 value
 Probit 0.96 0.69 0.093 –
 model
 median 0.99 0.75 0.093 20.00
 s 0.0286 0.0411 0.0035 0.5200
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introduction
aerosol particles are generally considered to be one of 

the principal indoor risk factors. operation, number and beha-
vior of occupancy i.e. type, emission intensity and amount of 
indoor contamination sources (building materials, combus-
tion processes, smoking, cleaning)1,2 determine temporal and 
spatial variations of indoor aerosol distribution. The particu-
late matter (Pm) cause the negative health effect, when they 
are inhaled and deposited in the respiratory tract3.

This paper is primarily concerned with suspended Pm10 
concentrations and indoor settled Pm monitoring with regard 
to the chemical composition and shape of Pm10 particles.

experimental
m e t h o d s

Suspended particulate matter investigation was focu-
sed on thoracic fraction Pm10 monitoring in various types 
of residential and non-residential buildings. measurement 
includes integral particles sampling onto a collection material 
(membrane filter Synpor 0,8 µm pore size, 35 mm in diame-
ter) by sampling equipment VPS 2000 (Envitech, Trenčín) at 
air flow of 960 dm3 h–1 during sampling period of approxi-
mately 24 hours. The sampling was carried out in the middle 
of the room at the height of 1,500 mm from the floor. The 
windows and the door were closed during the monitoring 
period. The particulate mass concentrations were determi-
ned by gravimetric method from the increase of filter weight. 
Because of minimisation of humidity interference, the filters 
were dried at 105 °C for 8 h before and after sampling and 
than were equilibrated at a constant temperature and humi-
dity (e.g. 20 °C and 50 % rH) for 24 h before and after sam-
pling. 

The monitoring of indoor settled Pm was performed 
in selected flat building. Sampling was carried out by pas-
sive methods based on Pm settling into Petri dishes during 
28 days. The particle surface concentrations were determined 
by gravimetric method.

The Pm10 samples were characterized by scanning 
electron microscopy/energy-dispersive X-ray analysis (SEm/
EdX) and atomic absorption spectroscopy (aaS) as the main 
techniques. Particle morphology was determined by SEM on 
the equipment Tesla BS 340. The elemental EDX analysis 
were carried out on the micro-analytical system LinK iSiS 
300 (oxford instruments) operating in secondary mode at a 
potential 25 kv and at extension 600–30,000. The chemical 
analysis of the selected metals samples content was realised 
by Spectraa-30 (varian). 

results
The results of indoor Pm10 monitoring in different types 

of residential and non-residential buildings are illustrated as 
average mass concentrations in the Fig. 1.

The highest mass Pm10 concentration was observed in 
non-residential public buildings. The Pm10 hygienic limit for 
indoor air in Slovak republic – 50 µg m–3 was exceeded in all 
monitored types of residential and non-residential buildings 
excepting B2 (offices) and B5 (hospitals). The concentrations 
of settled Pm were measured at various heights and were ran-
ged from 21.0 μg cm–2 to 86.6 µg cm–2. The trend of gradual 
decreasing of particulate matter occurrence with the raise of 
height was observed (Fig. 2.). 

The mass concentrations of metals in Pm10 samples 
investigated by aaS are summarised in Table i.

The obtained mass concentrations of metals in indoor 
particle samples correspond with those of in typical urban 
aerosol5. The individual particles in irregular shape of the 
various particle size as well as particles aggregates were 
observed on the SEm micrographs (Fig. 3.). 

Fig. 1.	 the	average	mass	concentrations	of	Pm10	in	residential	
(a)	 and	 non‑residential	 (b)	 buildings:	a1	 –	 single	 family	 resi‑
dences, a2 – flat-residences, B1 – school buildings; B2 – offices; 
B3 – commercial buildings; B4 – buildings for culture and nter‑
tainment,	b5	–	hospitals	and	sanitary	facilities

Fig. 2.	 average	mass	surface	concentration	of	settled	Pm	in	de‑
pendence	on	the	height
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The majority of Pm10 particles are non-spherical in 
shape with strong division of the surface. The occurrence of 
the spherical particles as well as of fibrous particles was not 
obvious4. 

The energy-dispersive X-ray system interfaced to the 
SEm provides preliminary information on the elemental 
composition of the samples. Fig. 4. represents EdX spectrum 
of the selected solid aerosol sample. The principal inorga-

nic elements constituting the particles in order of decreasing 
peak intensity were Ca  ≈  Si  >  O  >  Al  >  C  >  Mg  >  Fe  >  Cl  >  
na  ≈  K.

conclusions
High indoor Pm10 concentrations exceeding the hygienic 

limit (excepting offices and hospitals and sanitary facilities) 
were found out in this study. The trend of gradual decreasing 
of settled particulate matter concentration with height rising 
was observed. The determined metal mass concentrations in 
Pm10 correspond with the typical metal concentration range 
of the urban aerosol. SEm investigation refers the presence 
of majority particles non-spherical in shape, in primary as 
well as secondary form (aggregates).

This work has been supported by Grant Agency of Slo-
vak Republic (project No. 1/3342/06).
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Table i
The mass concentrations of metals

 Element average minimum maximum
  [μg m–3] [μg m–3] [μg m–3]
 Cu 0.704 0.03 3.38
 Pb 0.094 0.007 0.666
 Cd 0.094 0.002 0.625
 ni 0.050 0.007 0.29
 Cr 0.058 0.007 0.35
 Zn 0.408 0.08 2.01
 as 0.007 0.0001 0.019
 Fe 1.818 0.36 9.23
 Sb 0.115 0.0001 1.47

Fig. 3.	 Sem	micrograph	of	particles

Fig. 4. edx spectrum of suspended PM10



Chem. Listy, 102, s265–s1311 (2008) Environmental Chemistry & Technology

s363

P15	 atmoSPherical	DePoSition	anD	
iMMission siTUaTion in THe nižná 
slaná area

EriKa FEdorová, JoZEF HAnčUľáK, OľgA 
ŠESTinová, Ján BrEHUv and TomiSLav ŠPaLdon
Institute of Geotechnice of the Slovak Academy of Sciences, 
Watsonova 45, 043 53 Košice,
fedorova@saske.sk

introduction
owing the positive results of geological survey, the 

nižná Slaná region has become during last 35 years the most 
important basis of Fe-ore. Potential of industrial siderite is 
63 mil. t1,2.

The biggest of the polution sources is the chimney which 
is 120 m high. The dust fallout was monitored by means of 
17 sampling points located maximally up to 8 km from main 
source of pollution. The pollutants have municipal as well as 
industrial origin5. The range of plant emission by chemical 
data processing and by their comparision with dust deposi-
tion was investigated. in the present time the communal and 
the natural sphere causes the air pollution3,7.

experimental
Samples of the dust deposition were taken in monthly 

intervals from seventeen sampling places in the intervals of 
30 ± 3 days. To take the samples of the dust deposition plas-
tic sedimentation containers having a cylinder shape with the 
internal diameter of 12.5 cm were used and located on two 
holders in the height of 2.5 to 3 m1,4,7. The containers were 
filled with 250 ml of distilled water with additives of substan-
ces preventing creation of algae in the summer period and 
antifreeze additives in the winter period. after sampling the 
content of the containers was quantitatively transferred to the 
evaporating dishes and evaporated. To remove the organic 
mass the evaporation residue was annealed at the temperature 
of 450 ºC. The temperature was selected not to cause degra-
dation of present carbonates and so possible distortion of 
gravimetry of the dust deposition. The gravimetry was made 
separately for each of the containers6. The result for each 
month and individual sampling places is calculated in units of 
g m–2(30 days)–1 and it is the average of alues from two expo-
sed containers. The inorganic part from twelve months set by 
annealing was cumulated into one sample and after minerali-
zation analysed for individual monitored elements using the 
aaS method and the Spectraa – 30 varian unit4,7.

results
Localisation of the sampling places of deposition is 

shown in Table i. 
The results are the values acquired from deposition 

samples after drying and annealing. The specific values of 
dust fallout are shown on Table ii. as it is evident from these 
results, the highest values of the dust fallout were recorded 
in summer months and the vegetation period and that is 

reflected in the percentage representation of the annealed 
organic part.

according to Table ii and Fig. 1. the highest average 
values were recorded on sampling places no. 7 and 5 in 2007 
being directly influenced by the dust deposition from the spot 
source of the plant and localized in the central part of the 
valley (4.40 an 2.77 g m–2 (30 days)–1 accordingly). Just to 
compare, the average value from the sampling place no. 8 
that is localized relatively close to the plant, but on the west 
side of the valley (west side of nižná Slaná in the direction 
to Kobeliarovo) achieves only 0.57 g m–2(30 days)–1. Some 
of the increased values mainly from the summer period need 
to be ascribed also to the extremely dry weather in 2007 and 
blowing out of the inorganic particles from the uncovered 
horizonts of the farmland.

Table i
Localisation and the samples quantity in the year of 2007

 number of Locality The samples
 locality  quantity
 1 vlachovo – swimming pool 12
 2 gočovo – playground 11
 3 n. Slaná – colony 12
 4 above plant 12
 5 Before plant 12
 6 n. Slaná – agrarian cooperative 12
 7 n. Slaná – playground 12
 8 direction to Kobeliarovo 12
 9 Crossroad – Štítnik 11
 10 Henckovce – before village 12
 11 Henckovce – upper part 12
 12 Henckovce – cemetary 12
 13 Henckovce – near railway 12
 14 Henckovce – lower part 12
 15 Between H. a G. Polomou 11
 16 Gemerská Poloma 12
 17 Betliar 12

Fig. 1. specific values of dust deposition in g m–2(30 days)–1
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conclusion
monitoring of the dust deposition in 2007 year has 

shown a relative increase of dustiness in the monitored area 
influenced by the activity of the Siderit plant. The increased 

impact can be observed in the area of the farm where the 
smoke plume touches the terrain immediately.4 Specific sour-
ces of gaseous and solid substances exhaled to the move with 
air flows in the heights of 100 – 250 m. The research in this 
area will enable to highlight the positive activity of the plant 
management in relation to the public in the interest of impro-
vement of environment quality in the given area.

This work has been supported by the Slovak Research 
and Development Agency, No 20-027705 and by the Slovak 
Grant Agency for Science VEGA (grant No- 2/0131/08).
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Table ii
Specific values of dust deposition in g m–2 (30 days)–1

   after dying after annealing
 no. Locality min. max. aver- min. max. aver-
     age   age
  vlachovo – 
 1 swimming 1.08	 4.72	 2.90	 0.73	 3.00	 1.87
  pool
 2 gočovo – 1.07 12.13 6.60 0.70 2.82 1.76
  playground
 3 n. Slaná – 1.28 5.76 3.52 0.72 3.43 2.07
  colony
 4 above plant 1.32 8.29 4.80 0.98 2.71 1.84
 5 Before plant 2.10 5.24 3.67 1.10 4.52 2.81
  n. Slaná –
 6 agranian 2.65	 8.80	 5.72	 0.93	 4.41	 2.67
  cooperative
 7 n. Slaná – 3.01 13.22 8.12 2.29 10.23 6.26
  playground
 8 direction 0.34 3.97 2.16 0.18 0.98 0.58
  to Kobeliarovo
 9 Crossroad – 1.69 9.82 5.76 1.38 3.92 2.65
  Štítnik
 10 Henckovce – 0.79 9.11 4.95 0.42 4.08 2.25
  before village
 11 Henckovce – 0.94 8.65 4.79 0.55 3.10 1.83
  upper part
 12 Henckovce – 0.96 5.08 3.02 0.61 1.49 1.05
  cemetary
 13 Henckovce – 1.21 8.62 4.92 0.94 3.12 2.03
  near railway
 14 Henckovce – 2.07 12.71 7.39 1.68 4.79 3.24
  lower part
 15 Between H. 1.67 6.07 3.87 1.09 3.23 2.16
  and G. Polomou
 16 Gemerská 1.37 7.83 4.60 0.96 5.16 3.06
  Poloma
 17 Betliar 0.55 6.37 3.46 0.13 1.42 0.77

Fig. 2. Variation row of statistical classes in g m–2(30 days)–1	‑	
inorganic	part
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introduction
many technical sights, as an integral part of a landscape 

structure, are at the same time its dominant features as they 
are directly related to its history. in the Banská Štiavnica 
region they are mostly related to mining traditions. impor-
tance of water reservoirs, also called “tajchy”, in the region 
stems their recreational utilisation. The cleanliness of water 
is therefore a key issue1.

This study has focused on the identification of possible 
natural and anthropogenic sources2 of pollution in the model 
territory of the Halčiansky water reservoir and consequently 
on its contamination. Water reservoirs built to provide the 
water energy for driving mining machinery are a part of a 
mining history. as such they are a typical landscape-ecologi-
cal component of the Banská Štiavnica landscape. Because of 
their significance they are listed on The State List of Cultural 
monuments as sights of technical development and on The 
World Catalogue of Water reservoirs.

experiment	and	methods
In the model territory of the Halčiansky Water Reservoir, 

conditions of potential movement of water and related conta-
minants were analysed in relation to natural and anthropoge-
nic sources of contaminants with the use of GiS (Geomedia 
Professional) tools. The aim of the analysis was to determine 
the vector of the transport and representative sampling points. 
Based on the system analysis of the above conditions, the 
selection of sampling points was proposed with the sampling 
points for the transport system set as transparent. Samples of 
water taken at the representative points (period 2006–2007) 
were analysed in situ by spectrophotometer (Hach dr 2000, 
Horiba) and related to an assumed model of contamination. 
The results of physical-chemical analysis were further com-
pared with the expected transit and interpretation of the con-
tamination in the territory.

results	and	Discussion
The following characteristics have been derived from 

the results and water quality monitoring:
(i) Water reaction, conductivity, turbidity, temperature, 

salinity, nitrates (1.3–2.2 mg dm–3) and amount of chlorides 
(1.6–9.3 mg dm–3) and sulphates (18–33 mg dm–3) complied  
 

with the norm no. 490/2002 Z. z. during all seasons, and no 
measured value exceeded the norm.

(ii) an increase of ammonia, nitrites, phosphates con-
centrations and of chemical consumption of oxygen excee-
ding the limit value set by the norm no. 491/2002 Z. z. was 
recorded during all four seasons. 

Free ammonia – concentration values of nH3 were in a 
range of 0.07–1.07 mg dm–3 them exceeding the limits 
of the norm ( < 0.3 mg dm–3). in the vicinity of the sam-
pling points 2 and 3 there were grazing grounds foraged 
by cattle and sheep and an agricultural land fertilized by 
ammoniac, sulphate ammonia or liquid manure, increa-
sing concentration of ammonium salts in water. Cattle 
excrements and fertilizers are entering water reservoir 
by the run-off flowing down the surrounding slopes. 
The directions of run-off conditions also confirm this. 
another source of pollution at the sampling points 5 and 
6 was stabled cattle and cesspools from the residential or 
recreational areas.
The most distinctive representation of pollution in the 
form of nitrites 0.004–0.226 mg dm–3 was detected in 
spring when the concentration of those contaminants 
exceeded the value set up by the norm almost eleven 
times. mutual comparison of sampling points indicated 
the highest concentration of nitrites at the sampling 
sites 3, 4, 5 and 6. nitrites are products of biochemical 
oxidation of ammonia and to lesser extent products of 
the reduction of nitrates. Their sources are household 
sewage and wastewater. 
There were also excessive concentrations of phosphates 
0.6–2.1 mg dm–3, which exceeded limits set up by the 
norm five times, with maximum concentrations registe-
red in autumn at the sampling site 2. main sources of 
phosphates are household sewage and wastewater toge-
ther with dead bodies of plants and animals.
Chemical consumption of oxygen 10–2,800 mg dm–3 
had the highest value in winter, at the sampling site 1 
(the dam), exceeding the limit value set up by the norm 
eighty times. organic water pollution can be both of 
natural (leaches from the organically rich soil, forest, 
peat bog, etc.) and artificial origin (pesticides, fertili-
sers).

The above results have shown that the selection of sam-
pling points based on the system analyses and GiS outcomes 
confirmed assumptions of physical-chemical analysis of 
water in natural and residential zones. The exceptions were 
nitrates and chlorides concentrations, in case of which the hi-
gher values were expected especially in the agricultural areas 
or residential zones.

conclusions
results of potential conditions of contaminants in the 

territory of the vector movement of water and gravitation 
confronted with results of physical-chemical analyses show 
the relevance of the model. This will enable an effective  

•

•

•

•
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and rational selection of sampling places in the future, 
ensuring the representativeness of sampling in the professio-
nal analysis of water contamination.

This work has been supported by grant VEGA 
1/3276/06.
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introduction
The increasing levels of heavy metals in the environment 

represent a serious threat to human health, living resources, 
and ecological systems. mobile and soluble heavy metal spe-
cies are not biodegradable and tend to accumulate in living 
organisms, causing various deseases and disorders. amongst 
various treatment methods, ion exchange and sorption seem 
to be the most attractive in case those nontoxic, low cost zeo-
lites are used.

natural zeolite of clinoptilolite type (CT) from East 
Slovakian deposit in nižný Hrabovec has been studied with 
respect to its feasibility of application in environmental area 
in combination with biotechnological methods.

This recent investigation presents a continuation of our 
previous study1,2 of the decrease of content of heavy metal 
and other toxic compounds (polychlorinated biphenyls-PCB) 
in plants growing on heavily contaminated soils in industrial 
areas. natural zeolite as well as zeolitic fertilizers was used in 
this study. The results of study of growing certain agricultural 
plants in contaminated soils with varying dosages of natural 
zeolite (CT), zeolitic fertilizer and standard nPK fertilizer 
confirmed the favorable influence of both zeolite and the zeo-
lite based fertilizer. analysis of plant material showed that 
the lowest content of heavy metals (Zn, Cu, Pb, Cd and Cr) 
as well as of PCB was found in plants grown in contaminated 
soils with the application of CT. The content of heavy metals 
and PCB was lower almost of a half in comparison with 
plants grown on untreated contaminated soils2. Plants grown 
in contaminated soils with the addition of zeolitic fertilizer 
showed a somewhat higher content. natural clinoptilolite by 
ion exchange of heavy metals and sorption of toxic substan-
ces into its cavities and channels blocked their reception into 
the plants.

The aim of the recent study is the enlarging of clinop-
tilolite sorption surface by the effect of microorganisms and 
obtaining more efficient results of its application in the pro-
cess of reducing the residual content of heavy metals and 
other toxic compounds in industrial contaminated soils.

according to the literature3–5, certain species of micro-
organisms have been found to absorb surprisingly large 
quantities of heavy metals. The removal of heavy metals 

from municipal and industrial wastes by biological treatment 
systems has continued to be of interest. Bacterial surfaces 
have great affinity to sorb and precipitate metals resulting 
in metal concentration on the surface. all microbes, which 
expose negatively charged groups on their cell surface, have 
the capacity to bind metal ions. Complexolysis is a process 
corresponding to microbial formation of complexing and 
chelating agents that solubilize metal ions. The microorga-
nisms are able to transform toxic compounds to less toxic. 
Biosorption of copper (ii) ions by Thiobacillus ferrooxidans 
were studied and is shown to be an effective bacterial bioac-
cumulation process3. acidithiobacillus and Thiobacillus cul-
tures are used for biological reduction of chromium (vi)-con-
taining wastes4. The attention is paid also to the utilization of 
combination of microorganisms and microporous materials 
(active carbon, zeolite) to achieve better sorption properties 
for adsorption of toxic compounds5.

Our recent study is aimed to biomodification of the 
surface of natural zeolite of the clinoptilolite type using the 
microorganisms Thiobacillus ferrooxidans. Studied are also 
model forms of zeolites containing copper ions, and the influ-
ence of microorganisms on the biosorption of these ions as 
well as other changes connected with metabolic activity of 
the microorganisms present. The main motivation of this 
study is the remediation of soils contaminated with high con-
centrations of the residual of heavy metals and other toxic 
compounds.

experimental
In order to study modified forms of natural zeolite, the 

natural zeolite of clinoptilolite type (CT) was used from 
the Eastern Slovakia deposit in nižný Hrabovec. Two vari-
ous granulometric classes were taken for the experiments: 
fine-grained one of the particle size up to 200 μm, denoted 
as CT1, and coarse-grained of the particle size 0.4–0.6 mm, 
denoted as CT2. Both granulometric classes of clinoptilolite 
was thermally activated at 100–110 oC for 1 hour. So prepa-
red zeolitic samples were used for the synthesis of copper 
forms as well as for cultivation by microoganisms.

All chemical agents used at the synthesis of modified 
copper forms of the natural clinoptilolite, at the analyses 
and preparation of nutrition medium were analytical grade 
(merck and Fluka).

P r e p a r a t i o n  o f  C o p p e r  F o r m s  o f 
n a t u r a l  Z e o l i t e

Copper forms of natural clinoptilolite were prepared by 
the reaction of fine- and coarse thermally activated fraction 
of natural clinoptilolite by a reaction with CuSo4 solution of 
two concentrations: 0.1 and 1.0 mol dm–3. By this way, both 
copper forms, fine-grained denoted as CuCT1 and coarse-gra-
ined one, denoted as CuCT2, were obtained in consequence 
of an ionic-exchange mechanism. These heterogeneous mix-
tures were after 2 hours of stirring decanted several times and 
centrifuged in order to get rid of sulphate ions and then dried 
for 1 hour at 100 °C.
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d e t e r m i n a t i o n  o f  C o p p e r  C o n t e n t 
i n  C u C T  S a m p l e s

The copper content in the copper forms of CuCT1 and 
CuCT2 was determined indirectly by determination of copper 
content in the solution unadsorbed by the zeolitic structure, 
both by aaS spectroscopy at varian Spectr aa-30, australia 
and by SPECoL 11, Carl Zeiss, Jena.

The amount of Cu (ii) in the zeolitic samples was deter-
mined by the energy dispersive spectroscopy (EdS) analy-
sis using a TESLa BS 340 scanning electron microscope 
(TESLa ELmi a.s. with a LinK iSiS 300 microanalyser).

C o n t a m i n a t i o n  o f  t h e  Z e o l i t i c 
m a t e r i a l  b y  m i c r o o r g a n i s m s 

The zeolitic samples the CT1 and CT2 fractions and the 
copper forms were contamined in a parallel process of culti-
vation of microorganisms Thiobacillus ferrooxidans (TF) for 
different time 3,4,5 and 12 months. Before the contamina-
tion, all zeolitic samples were irradiated by a germicide lamp 
for sterilization. The microorganisms used were sufficiently 
multiplicated in a nutrition medium 9K according to Silver-
man and Lundgren6. in order to compare the surface areas 
and the pore volumes, a control abiotic sample (denoted as 
CTF) was used after application only of nutrition medium, 
without microorganisms.

a n a l y s i s  o f  t h e  S u r f a c e  a r e a s  a n d 
t h e  P o r e  v o l u m e s

The analysis of surface areas and the pore volumes of the 
zeolitic samples prior to the contamination and after contami-
nation by microorganisms were realized by GEmini 2360 
(Micrometrics USA). The specific surface area was determi-
ned by low-temperature adsorption of nitrogen. Before mea-
surements the samples were heated for 2 hours at 105 °C.

results	and	Discussion
Biomodified zeolitic samples were prepared by using 

microorganisms in order to achieve larger sorption surface at 
natural zeolite of the clinoptilolite type and thus obtain more 
efficient results at its application in reducing the content of 
heavy metal residuals and other toxic materials in industrially 
contamined soils. Two grain- size fractions of natural clinop-
tilolite were studied: fine-grained (CT1) and coarse-grained 
(CT2). Both fractions were cultivated by microorganisms 
Thiobacillus ferrooxidans (TF) after thermal activation. This 
type of microorganism was chosen from the collection of soil 
microorganisms due to its accessibility as well as to the fact 
that some laboratory methods were available developed at the 
institute of Geotechnics of the Slovak academy of Sciences 
in Košice. Experimental experiences were obtained with 
using this type of microorganisms in the extraction of heavy 
metals from aluminosilicate structure. Thiobacillus ferrooxi-
dans are applied in mineral biotechnologies for the extraction 
of Cu, Fe and other metals7 and they are also present in low 
concentrations in the soil.

In our first studies of the biomodified forms8 of the natu-
ral zeolite of clinoptilolite type (CT) the microorganisms 
actinomycetes were used too. However, we had observed 
only negligibly small changes caused by these microorga-
nisms in the studied time interval so that we did not continue 
in that study. 

The zeolitic samples were cultivated at dynamic condi-
tions for different time intervals: 1,3,4,5 months and 1 year. 
The analyses of the surface area size and pore volumes were 
realized also after short time intervals during the activity of 
the microorganisms and nutrition medium: after 3 hours and 
one day. The surface area and pore volumes decreased in 
these short time intervals.

in our previous studies2 the content of heavy metals 
and PCB in the plants (spring barley-Hordeum vulgare) that 
were grown in contaminated soils decreased (e.g. content of 
Cu  =  16 mg kg–1, Zn  =  52.4 mg kg–1, PCB  =  2524 µg kg–1) 
compared with the plants grown in contaminated soils 
without an added zeolite (content of Cu  =  33.1 mg kg–1 
Zn  =  107 mg kg–1, PCB  =  4765 µg kg–1). For this reason we 
have prepared also some model forms of the natural CT with 
a copper cations content, which forms could be analogically 
obtained in natural conditions too, if the clinoptilolite sorbs 
the copper cations that are in the industrially contaminated 
soils.

via the contamination of the copper forms of the cli-
noptilolite by the mentioned microorganisms we pursued the 
changes of the surface, the volume of the pores and the bio-
leaching of copper from the zeolitic material as well.

The results of the study of the surfare areas changes of 
the clinoptilolite, its fine-grained CT1 and coarse-grained 
CT2 and its some copper forms CuCT1 and CuCT2 are in 
the Table i and Figs. 1. and 2. The results of the pore volu-
mes were in a good agreement with the results of the surface 

Table i
Summary of the size of the surfaces (Sa) of the fine-grain 
fraction CT1, coarse-grain fraction CT2 and some copper 
forms before and after the contamination by microorganisms 
Thiobacillus ferrooxidans (TF), and the reference sample 
(CTF) containing only the nutrition medium without the 
microorganisms

  Samples contaminated Sa Control
Sample with microorganisms TF [m2 g–1] sample CTF
    Sa [m2 g–1]
 CT1 starting sample without TF 24.2117 24.2117
  after 3 months with TF 29.635 30.6734
 CT2 starting sample without TF 25.4622 25.4622
  after 3 months with TF 30.3999 28.6739
 CuCT1 starting sample without TF 25.1931 25.1931
 (0.1m) after 3 months with TF 33.0535 32.6870
  after 1 year with TF  38.2758 37.4310
 CuCT2 starting sample without TF 25.6817 25.6817
 (0.1m) after 3 months with TF 33.154 33.6086
  after 1 year with TF 42.7652 39.6286
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areas. The surface areas are relatively low because they were 
measured only for comparison of the changes. These samples 
were heated only at temperature 105 oC for two hours. in our 
next study the surface area will be measured also after hea-
ting at the higher temperatures up to 400 °C.

after the comparison of the samples before the contami-
nation by the microorganisms TF and the reference samples 
CTF it was found out that even the nutrition medium itself, 
pH  =  1.57, contributes to the enlargement of the surface area. 
The changes of the surface size and the pore volumes were 
related also with the grain size. At the fine-grain fraction 
CT-1 the enlargement of the surface of the reference sam-
ple (CTF) was higher compared to the sample contaminated 
by microorganisms. But at the coarse-grained fraction CT-2 
which was contaminated by microorganisms the enlargement 
of the surface area was higher compared with the reference 
sample. However, more study is still necessary to confirm it 
and to find out if a change of the grain-size has not occured 
because such a change can cause an enlargement of the sur-
face size. 

at the copper forms CuCT the activity of the microor-
ganisms caused enlargement of the surface area and the pore 

volumes at both the fine-grain and the coarse-grain fraction, 
compared to the reference samples.

The copper forms were studied also with respect to a 
copper bioleaching. according to the analyses of the copper 
content in the samples contaminated by microorganisms for 
one year their activity decreased the copper content about 
60–75 % (e.g. Cu  =  2.17 % in CuCT1 (0.1m) without TF; 
Cu  =  0.58 % in CuCT1 (0.1m) with TF after 1 year). The 
bioleaching decreased the copper content in the copper forms 
of the zeolitic samples (CuCT) depending on its starting con-
centration and on other conditions of the bioleaching process. 
Thiobacillus ferrooxidans utilises copper ions for its meta-
bolic processes. T. ferrooxidans contains in the periplasmic 
space the small blue copper proteins – rusticyanin, which are 
the principal component in the iron respiratory electron trans-
port chain9.

The study of the surface area changes and of the bio-
leaching of copper continues with the aim to obtain more 
detailed results after more time intervals and under various 
conditions.

conclusions
The results of the analyses of the surface area size and 

the pores volume of the clinoptilolite and its copper forms 
both before and after the contamination by microorganisms 
Thiobacillus ferrooxidans confirmed the changes caused by 
the presence of the microorganisms. The results of the copper 
bioleaching too indicated that via the influence of the nutri-
tion media and metabolic activity of the microorganims there 
occured changes of the zeolite surface and decrease of the 
copper content in the samples. at the present we continue in 
the study with the aim to obtain more experimental results 
about the activity of the microorganisms acting for various 
time intervals and at various conditions.

The combination of application of the zeolites and bio-
remediate technologies, which use the metabolic activity 
of the microorganisms looks to be a perspective ecological 
alternation of the contaminants degradation.

This work has been supported by Scientific Grant 
Agency of the Slovak Republic (grants No. 1/0107/08 and 
2/7163/27).
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introduction
The contamination of the environment with persistent 

organic pollutants (PoPs) has been of great concern since the 
1960s. Polychlorinated biphenyls (PCBs) or organochlorine 
pesticides (oCPs) are found mainly in water, sediments and 
aquatic biota throughout the world1,2. owing to an intensive 
agricultural and industrial production in past few decades, in 
particular, river and lake sediments in the Czech republic are 
loaded with PoPs and their levels are only partly decreasing3. 
Brno Lake is situated on the Svratka river upstream from the 
city of Brno and belongs to the most important water reser-
voirs in the SE Czech republic. Undisturbed sediment depo-
sits in lacustrine systems can act as environmental archive af-
ter radiodating 4,5. Since there are only a few studies dealing 
with the levels of organochlorine contaminants in dated sedi-
ment cores 6–9, this pilot study is focused on the occurrence 
of risk elements and organic pollutants in vertical profiles of 
the sediment layers of the Brno Lake in order to restore the 
pollution history of these trace organic pollutants.

experimental
The first sampling campaign in Brno Lake covered nine 

1m-deep cores with 52 sediment samples. a 3 m-long core 
was drilled during the period of time when the reservoir was 
empty in the early 2008. The detailed sampling includes 
120 samples in total; detailed sedimentological investigation 
and geochemistry were applied to the whole 3 m profile. 

all samples were analyzed using screening methods 
such as magnetic susceptibility (Kf) measured on KLy-2,3 
and 3S kappabridges, elemental analysis of total organic and 
inorganic carbon (ToC, TiC, respectively), high performance 
liquid chromatography (HPLC) of 16 EPA priority polycyc-
lic aromatic hydrocarbons (PaH), and gas chromatography 
with flame ionization detector (gC-FID) to measure the total 
extractable hydrocarbons (TEH). Seven indicative PCB con-
geners and organochlorine pesticides were determinated by 
means of gas chromatograph HP 6890 equipped with µECD 

63ni, cool-on-column injector and capillary column HP-5ms 
(60 m × 0.25 mm i.d.). From the screening results 20 samples 
were selected for gas chromatography coupled with mass 
spectrometry (GC/mS) in full scan mode to characterize the 
distribution of the alkylated aromatic and parent hydrocar-
bons and in selected ion monitoring mode (Sim) for the satu-
rated fraction (SaT).

results
The sedimentological visual examination together with 

elemental analysis of the total organic and inorganic carbon 
(ToC and TiC) and of the magnetic susceptibility (Kf) indi-
cate a stratigraphic archive with roughly 5 cycles each about 
60 cm thick marked by increased magnetic susceptibility, 
increased sand content and lowered organic carbon (Fig. 1.). 
These coarser grained intervals formed probably during major 
flooding events and migration of the lake bottom channel.

The early phase of the depositional history has sedi-
mentary structures suggesting more fluviatile environment 
and sandy lithology. The later phases are characteristic by 
increasing portion of fine-grained sediments. Laminated 
sediments with organic carbon of up to 7.18 % mark the hi-
ghstand phases with stratified water column, which persisted 
over long periods of the existence of the lake. a Th-U(ra)-K 
gamma-spectrometric survey shows that a probable source 
of these elements is in the weathered granitic material of the 
Brno massif while the contribution from the U-mines is neg-
ligible. 

Fig. 1.	 total	organic	carbon	and	magnetic	susceptibility	in	the	
deep well core profile from the Brno lake (2008)
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The dating using 137Cs indicates the position of the 1986 
and 1961-2 events. The organic carbon, total sulphur, PaHs 
and PCBs provide a tentative pattern related to depositio-
nal history and flow rate. The geochemical profiles show a 
general upward increase in eutrophication and organic mat-
ter accumulation associated with increased cyanobacterial 
blooms. The sum of nine PaHs often exceeds the 10 mg kg–1 
EPa limit value and their pyrogenic character suggests an ori-
gin in low-quality fuel and furnaces used in the villages and 
recreational facilities in the watershed.

The higher-chlorinated PCB congeners 138, 153 and 
180, and p,p-ddE (a highly stable aerobic metabolite of the 
notorious insecticide p,p-ddT) are the most abundant orga-
nochlorine compounds detected in the sediments. PCBs show 
upward increase from a depth of 0.6 (0.8–0.5) m (Fig. 2.), 
which marks the beginning of the use of PCBs and ddT. a 

stagnation in the PCB and ddT concentration is observed in 
the upper part of the profile (0.25–0.00 m) deposited during 
the last decade. The differences in PoP concentrations found 
in individual cores and layers are closely associated with 
variable sedimentation rates and occurrences of bottom cur-
rents affecting the organic matter deposition.

conclusions
The pollution archive related to the depositional history 

of the Brno Lake suggest at least 5 cycles, each about 60 cm 
thick, defined by the maxima in magnetic susceptibility and 
minima in total organic carbon which are associated with 
major floods or migration of bottom currents. The amount 
of PoPs is low in more sandy early sediments, increases 
at a specific depth and age throughout the basin and finally 
stagnates during the last decade of mud deposition indicating 
decreased input of PoPs into the environment.

This work has been supported by The Ministry of the 
Environment of the Czech Republic,Project SP/1b7/156/07.
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introduction
The diffusive gradients in thin film technique (DgT) 

represents a relatively new approach to in situ determination 
of labile metal species in aquatic systems. The DgT device 
accumulates labile species in situ from the solution, and thus 
problems associated with conventional collection and filtra-
tion procedures can be eliminated. after diffusing through 
a layer of polyacrylamide gel of known thickness (Fig. 1.), 
metal species are trapped by an immobilized binding agent 
(usually Chelex 100) incorporated in a resin gel layer1. Con-
centration gradient established in the diffusive layer is a basis 
for quantitative measurement of metal concentrations in the 
solution. The mass of accumulated metals in the resin gel is 
usually determined by aaS or iCP-mS after elution of resin 
gel with acid.

This paper reports on the performance of a new resin 
gel based on alternative binding agent with 5-sulphophenyl-
azo-8-hydroxychinoline groups, specific sorbent Spheron-
oxin® (ref.2).

experimental
diffusive and resin gels were based on polyacrylamide 

hydrogel, prepared according to the conventional procedures 
(dGT research Ltd., Lancaster, UK)1. Chelex 100 was sub-
stituted by Spheron-oxin® in the resin gel. dGT probe was 
loaded with resin gel, diffusive gel and filter on the cylindric 
body and sealed with a plastic top with an exposition window 
of 2 cm in diameter (Fig. 1.). dGT probes were deployed in 
the test solutions at 24 ± 1 °C. 

Elution efficiency of Cd, Cu, ni, Pb and U was obtained 
from subsequent elution experiments with 1 ml 1 mol dm–3 
nitric acid. The sorption capacity of discs was estimated 

from accumulated mass of a metal in resin discs immersed 
in solutions of 25–790 mg dm–3 Cu. The effect of solution 
acidity was investigated within the range of pH 3–8. The 
effect of ionic strength and potentional interferents of alkali 
earth elemets to heavy metals was tested with model solu-
tion of sodium (2.5 × 10–5–0.6 mol dm–3) and magnesium  
(0–0.05 mol dm–3) nitrate. The effect of competitive ligands 
on dGT metal uptake was investigated in solutions conta-
ining iminodiacetic acid (0–1 × 10–4 mol dm–3) and humic 
substance Fluka (product no. 53680) (0–316 mg dm–3).

For estimation of specific sorption capabilty to uranium, 
sorbents Chelex 100, Spheron-oxin® and Spheron-Salicyl® 
were exposed to 5 mg dm–3 U solutions (pH  ~  6,7) of various 
carbonate concentration (0–100 mg dm–3).

results
Quantitative analysis by DgT requires reproducible elu-

tion of metal ions from the resin. The elution efficiency for 
the Spheron-oxin® resin gel, calculated as the ratio of the 
amount eluted from the gel and the amount taken up by the 
gel, was 0.98, 0.66, 0.86, 0.93 and 0.90 for Cd, Cu, ni, Pb 
and U, respectively.

Since dGT can be used as a long-term monitoring tool, 
it is important to assess the sorption capacity of the resin gel. 
Maximum sorption capacity of 3 μmol disk–1 Cu was deter-
mined from the isotherm. Because the linear part of the sorp-
tion isotherm relates to aproximatelly 10 % of the capacity, 
discs can be deployed in natural waters for a long time period 
of several months.

Uptake experiments in the pH range of 3–8 showed that 
resin gel with Spheron-oxin® can be used in DgT technique 
within the pH range of 6–8, typical for most of the natural 
waters.

The effect of ionic strength was investigated with solu-
tion of cadmium (40 μg dm–3). Concentration of Cd mea-
sured by dGT was independent of ionic strengths up to  
0.6 mol dm–3 nano3.

Fig. 1.	 Scheme	of	the	Dgt	unit

Fig. 2. influence of ida concentration ciDa	on	the	normalized	
values of the apparent diffusion coefficients (daPP/Dtab)	for	ni	
(pH  ~  7). ●Chelex 100, ▲spheron oxin®
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in real water systems, several other ions are present, 
which can compete with metals measured by dGT. The Ca 
and mg are dominant cations in hard waters. although the 
stability constant for magnesium is lower than for Cd, Cu, 
ni and Pb, magnesium can affect dGT measured metals con-
centrations. Uptake of Cd, Cu, ni and Pb was not influenced 
by magnesium nitrate in the whole concentration range up tu 
0.05 mol dm–3. new discs can be also used in high salinity 
waters.

in natural waters, variety of ligands occurs that can af-
fect concentration measured by DgT technique. Iminodiace-
tic acid (IDA) was used as a model strong ligand influencing 
the uptake of metals. The results of deployment of dGT 
units, packed with Spheron-oxin® and Chelex 100 resin gels, 
in ni solutions containing ida in the concentration range of 
0–0.1 mol dm–3 are shown in Fig. 2. 

Diffusion coefficients (D) can be calculated when taking 
into account diffusion area (3.14 cm2) and thickness of the 
diffusive layer. Those diffusion coefficients can be considered 
as apparent diffusion coefficients (DaPP) of the metal under 
specific conditions. Their values represent the metal fluxes 
per unit deployment time, unit diffusion area, unit metal con-
centration in the external solution and unit thickness of the 
diffusive gel layer. The difference between both curves rela-
tes to stability constants of both funcional groups. This diffe-
rence can be employed in speciation measurements.

Humic acids (Ha) are the most widespread natural com-
plexing ligands. Influence of the concentration of the humic 
substance on the daPP is shown in Fig. 3., in which element-
specific effect of HA can be observed. Similar results were 
also obtained in refs.3,4, in which Chelex 100 and Spheron-
Thiol® resin gels were used. due to competitive reactions, 

the complex formation with Ha decreases the concentration 
of metal species in external solution that can be measured by 
dGT.

Uranium, analogously to other heavy metals, forms vari-
ous complexes in natural waters with a variety of ligands. 
depending on pH of the solution, uranyl ions are bound in 
stable hydroxocomplexes and, especially carbonate comple-
xes due to dissolved atmospheric Co2. Influence of equilib-
rium carbonate concentration on distribution coefficient (Dg) 
of uranium is shown in Fig. 4. it is evident that the resin gel 
based on Spheron-oxin® appears to be a new useful resin gel 
for speciation analysis of uranium in natural waters.

conclusions
The new resin gel based on Spheron-oxin® with ancho-

red 5-sulphophenyl-azo-8-hydroxychinoline functional 
groups exhibits very strong afinity to Cd, Cu, ni, Pb and U. 
in addition to conventional Chelex 100 based gels it can be 
applied in DgT technique and provide more information on 
heavy metals speciation, especially of uranium in aquatic 
systems.
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ues of the apparent diffusion coefficients (daPP/Dtab)	for	Sphe‑
ron‑oxin® resin gel (pH  ~  7). ▲Cd, ●Cu, □ni, ■Pb

Fig. 4. influence of carbonate concentration on distribution co‑
efficient of uranium for ■ spheron-oxin®, ▲ spheron-salicyl®,	
and ● Chelex 100 sorbents (pH  ~  6.7)
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introduction
Brominated flame retardants (BFRs) are compounds 

widely used in commercial products to reduce and prevent 
the extent of fire. Hexabromocyclododecane (HBCD) is the 
third most produced BFr worldwide and the second most 
used BFr in Europe. HBCd is mainly applied as an additive 
flame retardant for the expanded and extruded polystyrene 
which are used as insulation materials in buildings and in the 
upholstery textile. 

as the HBCd is not chemically bound to the material 
to which is added, it could leak into the environment through 
emission during a production or use of various materials, 
from final products or following disposal. Similarly to other 
BFrs, HBCd is a persistent, bioaccumulative and toxic che-
mical.

There are theoretically 16 HBCd diastereoisomers, 
however, the technical mixture consists mainly from three 
diastereomeric pairs of enantiomers (α-, β- and γ-HBCD), the 
latter one is the most abundant (75–85 %).

Both GC-mS and LC-mS are commonly used tech-
niques for the quantitative determination of HBCD. Total-
HBCD (sum of α-, β- and γ-HBCD) may be measured by gC-
MS, but it does not allow the quantification of the individual 
isomers, because the HBCd diastereoisomers can rearrange 
above oven temperature of 160 ºC and also resolution of GC 
separation is not sufficient. The individual HBCD diastere-
oisomers can be determined using LC-mS/mS. on the other 
hand, the response in this system may be influenced by mat-
rix ion suppression especially in the electrospray ionisation 
mS1,2,3,4.

in this study, the both types of analytical systems were 
tested to assess the ways of HBCd determination in the 
environmental samples.

experimental
The choice of environmental samples was based on: (i) 

a representativeness of both biotic and abiotic components 
and (ii) origin from Czech environment. The final extracts 
of tested samples including target analytes were analysed by 
two different chromatographic systems: 

GC-mS (using negative chemical ionization mode (nCi) 
with quadrupole analyzer)
LC-mS/mS (using negative electron spray ionization 
(ESI–) with tandem quadrupole analyzer).

•

•

S a m p l e  T r e a t m e n t
The fish muscles of species chub (Leuciscus cephalus) 

and bream (Abramis brama) represented biotic environmen-
tal samples. The chub and bream frequently occur in Czech 
rivers, are very suitable as a bioindicator of the aquatic 
environment contamination and were caught in the vltava 
river. also sediment and sewage sludge represented other 
analysed samples. The sewage sludge was collected in a 
sewage treatment plant (STP) and the river sediment was col-
lected downstream from this STP, both in Hradec Králové. 
The individual standards of α-, β- and γ-HBCD diastereoi-
somers were obtained from Cambridge isotope Laboratories 
(CiL, UK).

The samples (sediment and sludge after drying) were 
desiccated with anhydrous sodium sulphate and then extracted 
in a Soxhlet apparatus using a solvent mixture n-hexane: 
dichloromethane (1 : 1, v/v) for fish and DCM in case of sedi-
ment/sludge. The crude extracts were rotary-evaporated to 
dryness. Lipid content of fish samples was determined gra-
vimetrically. in next analytical step, the samples were re-dis-
solved in 10 ml of ethylacetate: cyclohexane (1 : 1, v/v). The 
fat and other co-extracted compounds were removed by a gel 
permeation chromatography (GPC). Finally, a target fraction 
was rotary-evaporated and concentrated in isooctane and in 
acetonitrile for GC and LC analysis, respectively. GC extract 
was in addition treated with concentrated sulphuric acid prior 
the analysis.

i n s t r u m e n t a l  d e t e r m i n a t i o n
The target analytes were separated using either gas or 

liquid chromatography. An Agilent 6890n gas chromatogra-
phy (GC) coupled to an agilent 5975 inert XL mass spectro-
meter (mS) was operated in nCi mode (both agilent, USa). 
The system was equipped with a 15 m × 0.25 mm × 0.1 µm 
DB XLB capillary column (J&W Scientific, USA). The tem-
perature of the column was programmed from 80 °C (2 min) 
to 325 °C at a rate of 50 °C min–1 and held for 5 min. Helium 
was used as a carrier gas at ramping flow from 1.5 ml min–1 
(7.2 min) to 3 ml min–1 at a rate of 50 ml min–1(ref.2). The ion 
source, quadrupole and interface temperature were 150 °C, 
150 °C and 300 °C, respectively. Bromine isotopic ions 
[Br]– at m/z 79, 81 and molecular ions [Br2] at m/z 158 and 
160 were monitored for confirmation HBCD in selected ion 
monitoring (Sim) mode. 

A high performance liquid chromatograph carried out 
with a Waters alliance 2695 HPLC instrument (USa) toge-
ther with a Quattro Premier XE tandem-quadrupole mass 
spectrometer (Waters, USa) was operated in negative electro-
spray ionization (ESi–). The LC separation of the compounds 
was performed on a nUCLEodEX beta-Pm chiral column 
(200 × 4 mm id, 5 µm, Macherey-nagel), kept at 40 °C, using 
an (a) methanol, (B) acetonitrile and (C) deionized water 
gradient. The gradient was programmed as follow: 30 % (a), 
30 % (B) and 40 % (C), 0–3 min linear change to 30 % (a), 
60 % (B) and 10 % (C), 3–20 min kept this composition. 
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Specific mass transitions (m/z 640  →  79, 81) were used for a 
mS/mS determination.

results	and	Discussion
The levels of HBCd in selected environmental samples 

were monitored using both types of previously described ana-
lytical systems. as mention above, HBCd consists of three 
diastereoisomers – α-, β-, and γ-HBCD. Fig. 1. documented 
the result of a gC-MS application, this technique does not 
enable the isomers separation, all isomers are eluted in one 
broaden peak. For this reason, α-isomer is used as a cali-
brant. Furthermore, individual diastereomers have different 
response factors which can cause that the less accurate results 
are obtained in case of higher content of β- and γ-isomers.

on the other hand, the LC-mS/mS allows separation of 
six individual enantiomers as demonstrates Fig. 2.a. The LC 
chromatograms show diverse patterns of the isomeric com-
position. in the sediment samples (abiotic matrix), as shows 
Fig. 2.b, γ-diastereoisomer is usually predominant, followed 
by α- and β-HBCD, what reflects the diastereomeric profile 
in various technical products. The content of the first isomer 
in the biota samples is the inverse and α-HBCD is the most 
abundant (no figure). It could be caused by biotransformation 
process in live organisms5. in addition to ability of excellent 
separation of individual enantiomers, LC-mS/mS provides 
lower limit of detection (0.5 ng g–1 lipid weight, 0.7 ng g–1 
dry mass) in comparison with GC-mS system (0.8 ng g–1 lipid 
weight, 0.8 ng g–1 dry mass) in case of fish samples, sediment 
and sewage sludge, respectively.

The first results obtained from the analysis of the Czech 
environmental samples are resumed in Table i. The chub 
and bream livers contained both α-HBCD enantiomers and 
at the low concentration also β-enantiomers. The high level 
of γ-HBCD was determined in the sample of chub muscle 
from Podolí. This significantly higher level of γ-isomer in 
biota sample may indicate there is an emission source in 
particular locality present, because as mention above, γ-iso-
mer dominates in technical mixture. The similar pattern of 
diastereomers was found also in the sediment and sewage 
sludge samples where only γ-HBCD was detected as shows  
Fig. 2.b. Comparing the results obtained within our study, 
it was found that the GC levels of target analytes are just a 

slightly overevaluated by about 13 % in case of α-diatere-
omers. Total differences in the results between LC-mS/mS 
and gC-MS can be cause by usage of α-HBCD as a calibrant 
together with diverse response factor of individual diastere-
omers in GC-mS.

conclusions
In presented study, two different analytical techniques 

(GC/mS and LC-mS/mS) were tested for the analysis of 
HBCd isomers in environmental samples. The potential of 
the first system is particularly in the determination of the total 
HBCd occurrence in samples. on the other hand, the latter 
one using chiral permethylated β-cyclodextrine stationary 
phase allows the separation and quantification of individual 
diastereomers. Comparing the results obtained within our 
study, it was found that the GC levels of target analytes are 
just little overevaluated. For this reason, the need for further 
investigations into differences between GC and LC results 
are necessary.

Table i
The results of diastereoisomers obtained by LC-mS/mS 
and sum of HBCD as a result of application gC-MS in fish 
samples (ng g–1 lipid weight) and sediment/sewage sludge  
(ng g–1 dry mass)

   HBCd results of Fish Locality diastereoisomers GC-mS    α β γ
 Chub němčice 34 1.4 n.d 36
 Bream němčice 68 0.4 n.d. 80
 Chub Klecany 6.6 n.d. n.d. 7.5
 Bream Lysá 59 1.1 n.d. 69
 Chub Podolí 16 6 105 58
 Sediment Hradec Králové n.d n.d 28.1 17.7
 Sewage Hradec Králové n.d n.d 103.9 156
 sludge

Fig. 2.	 lc‑mS/mS	chromatogram	of	(a)	a	standard	of	hbcD	
individual	enantiomers	and	(b)	a	real	sample	of	river	sediment	
from Hradec králové

Fig. 1.	 gc‑mS	chromatogram	of	hbcD	(m/z	79	and	81)
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HBCD profiles in fish are different from those observed 
in sediment and sewage sludge. In fish, usually α-HBCD is 
the major diastereomer, whereas in sediment and in sewage 
sludge is most abundant γ-HBCD. The processes affecting 
these differences in isomer composition are not fully 
investigated yet. LC-mS/mS is an appropriate for monitoring 
changes of diastereomers pattern.

This study was undertaken within the projects MSM 
6046137305 and NPV II (2B06151).
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introduction
one group of “new” persistent halogenated contami-

nants is represented by brominated flame-retardants (BFRs). 
BFrs are chemicals widely used in various products such as 
plastics and textiles to prevent a fire hazard. generally two 
types of these compounds are in use. The reactive BFrs 
represented mainly by tetrabromobisphenol a (TBBPa) are 
incorporated into the polymeric materials by covalent bin-
ding, whereas the additive types, represented by polybromi-
nated diphenyl ethers (PBdEs), polybrominated biphenyls 
(PBBs) and hexabromocyclododecane (HBCd) are embed-
ded into a matrix of appropriate polymer.

PBdEs are similar to polychlorinated biphenyls (PCBs) 
in structure and characteristics such as hydrophobic and 
semi-volatile and/or nonvolatile. Theoretically 209 con-
geners (5 majorities) of PBDEs exist with specific chemical 
and physical properties, which lead to various biological and 
toxicological effects. alike other organohalogen compounds 
such as PCBs, ddT and other organochlorine pesticides, PB-
dEs are lipophilic, very stable and resist to acids and basis, 
heat and light and biodegradation.

The concern over these anthropogenic compounds is 
that they can be released into the environment from products 
as they are not chemically bounded to the materials, and more 
importantly, they are persistent with a high bioaccumulation 
potential. 

PBdEs are being found as contaminants of indoor	and 
outdoor environments. The presence of PBdE was proved in 
all the components of the environment such as air, sediment 
and sewage sludge as well as biological samples including 
biota, human blood, adipose tissues and breast milk. Quite 
high concentrations were found in the dust in flats and off-
ices. 

experimental
This study presents results of measuring concentration of 

ten PBdE congeners (BdE-3, 15, 28, 47, 99, 100, 118, 153, 
154 and 183) in different species of fish using gas chroma-
tography with electron captured detector (GC-ECd). These 
samples were collected from Brno water reservoir, which is 
situated near the Brno city.

Five head of each kind were detected and the total PBdE 
congener concentrations (Σ PBDEs) in the fish were amur <  
bream < crucian < carp.

C h e m i c a l s
PBdE standards, all with declared 99% purity, were 

purchased from accuStandard, inc. (new Haven, USa). 
Working standard mixtures in isooctane contained fol-
lowing congeners: 4-BdE (BdE 3), 4,4’-diBdE (BdE 15), 
2,4,4’-triBdE (BdE 28), 2,2’,4,4’-tetraBdE (BdE 47), 
2,2’,4,4’,5-pentaBdE (BdE 99), 2,2’,4,4’,6-pentaBdE 
(BdE 100), 2,3’,4,4’,5-pentaBdE (BdE 118), 2,2’,4,4’,5,5’-
hexaBdE (BdE 153), 2,2’,4,4’,5,6’-hexaBdE (BdE 154), 
2,2’,3,4,4’,5’,6-heptaBdE (BdE 183).

m e t h o d
A homogenized fish tissue was desiccated with mixture 

of sea sand and anhydrous sodium sulphate. Soxhlet extrac-
tion carried out (6 hours) with hexane/petrolether solvent 
mixture (96 : 4, v/v) for isolation of target analytes from the 
sample. Concentrated crude extracts were purified by using 
multi layer column (300 × 8 mm; florisil, silica, alumina). The 
collected fraction was evaporated to dryness and re-dissolved 
in 1 ml of isooctane. after addition of a few drops of sulphu-
ric acid the organic layer was used for GC analysis. Quanti-
fication of target analytes was carried out by high-resolution 
gas chromatography, where two capillary columns (dB-17 
mS column and HT-8 column) operated in parallel mode 
were used. Experiments were carried out on agilent 6890 GC 
system and the analytes were identified by retention times.

results
This paper reports PBDEs levels in freshwater fish. 

These were determined by gas chromatography with ECd. 
The identification of PBDEs in the fish samples was based 
on comparison of the retention times with those of the avai-
lable authenticated standards. all results are summarized in  

Table i
Physical and chemical characteristics of majority congeners

 Congener no. of Br Log melting Slb. in water
  atom Kow point [°C] [mg ml–1, 25°C]
 47 4 6.55 83.5–84.5 0.015
 99 5 7.13 90.5–94.5 0.0094
 100 5 6.86 102 0.04
 154 6 7.39 131–132.5 8.7 × 10–7

 209 10 9.97 302.5 4.17 × 10–9

Fig. 1.	 chromatogram	 of	 carp‑skin	 sample	 analysed	 by	 gc	
with electron captured detector in capillary column dB-17 Ms
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Tables ii–iv. The levels of PBdEs in amur were bello tho 
limits of detection, therefore they were left out in the table 
summary. Fig. 1. shows representative chromatogram of carp 
skin sample analysed in capillary column dB-17 mS with 
50 % diphenyl- 50 % dimethylsiloxane stationary phase. 

The most abundant congeners determined in skin of 
investigated species were BdE 3, BdE 47, BdE 100 and 
BdE 153. Greater mean levels were observed in skin then 
muscle tissues.

Polybrominated diphenyl ethers are very resistant to 
biodegradation and also show carcinogenic and mutagenic 
effects. due to unavoidable emissions into the environment 
PBdEs have been found throughout the world both in abiotic 
(air, water, soil, sediment) and biotic (fish tissue, bird eggs, 
marine mammals) compartments. into the future, will be very 
important and necessary monitoring these compounds in the 
environment and food chain especially.

Financial support from Ministry of Education, Youth 
and Sports under MSM 6215712402 is greatly appreciated
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Table ii
Concentrations of PBdE detected in carp skin and muscle 
[μg kg–1]

 Cong./ Skin Skin muscle muscle
 Carp range mean range mean
 BdE 3 21.2–26.3 24.8 14.6–17.0 15.2
 BdE 15 nd* – nd –
 BdE 28 nd – nd –
 BdE 47 66.7–188 118 54.5–78.2 66.4
 BdE 99 26.3–50.0 33.3 nd –
 BdE 100 49.8–136 98.2 37.9–55.1 46.3
 BdE 118 nd – nd –
 BdE 153 42.5–77.1 52.2 nd –
 BdE 154 37.1–98.6 69.3 28.6–34.1 30.5
 BdE 183 18.9–24.5 21.0 nd –
*not detected

Table iii
Concentrations of PBdE detected in crucian skin and muscle 
[μg kg–1]

	 Cong./ Skin Skin muscle muscle
 Crucial range mean range mean
 BdE 3 69.6–175 – 81.3 81.3
 BdE 15 nd – nd –
 BdE 28 nd – nd –
 BdE 47 49.9–68.2 57.4 31.3 31.3
 BdE 99 nd – 16.5–27.9 24.4
 BdE 100 40.0–62.3 57.8 nd –
 BdE 118 nd – nd –
 BdE 153 62.2 62.2 31.8–106 85.5
 BdE 154 23.6–25.1 24.7 nd –
 BdE 183 nd – nd –

Table iv
Concentrations of PBdE detected in bream skin and muscle 
[μg kg–1]

 Cong./ Skin Skin muscle muscle
 Bream range mean range mean
 BdE 3 42.2–62.2 48.3 26.0–31.5 29.8
 BdE 15 nd – nd –
 BdE 28 nd – nd –
 BdE 47 35.2 35.2 nd –
 BdE 99 nd – nd –
 BdE 100 19.8 19.8 13.2 13.2
 BdE 118 nd – nd –
 BdE 153 20.6–22.8 21.7 18.6 18.6
 BdE 154 nd – nd –
 BdE 183 nd – nd –
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introduction
The Poproč region has long been recognized as an 

important source of antimony in Europe. mining began in 
the 17th century and finished in 20th century1. The abandoned 
Poproč Sb deposit is situated in the SE part of the Spišsko-
gemerské rudohorie mts. (Slovakia). Geologically, the area 
consists of Paleozoic metamorphic rock complexes – graphi-
tic and sericitic phyllites, metapsammites and metarhyolitic 
tuffs and granites. The Sb mineralization occurs as quartz-
carbonate veinlets and impregnation in the host rocks. anti-
mony is the main ore mineral; others are pyrite, arsenopyrite, 
and various sulphides of Pb-Zn-Cu. The main non-metallic 
vein minerals are quartz, carbonates, tourmalines, albites, 
sericites, and chlorites. Extensive contamination related to 
the Sb deposit in malé Karpaty mts. was described previ-
ously2,3. The study of arsenic and antimony bindings to fer-
rous ochres4,5, concentrations and distribution of as and Sb 
in oxidation rims of destabilized sulphides of impoundment 
sediment, and experimental investigation of geochemical 
barrier media were important. an investigation of biological 
and chemical oxidation was also conducted6. rapid dissolu-
tion of Sb from impoundment sediment was studied at the 
nearby dúbrava deposit7. Description of significant influence 
of long term mining activity and the potential effects of aban-
doned deposits on population health quality were described 
in the Zlatá Idka community (Spišsko-gemerské Rudohorie 
mts.)8. Finally, a study of the Poproč area and its surroun-
dings reported highly contaminated surface waters, soils, and 
stream sediments9. The as in soil samples exceeded class C 
standards of the ministry of agriculture of the Slovak repub-
lic no. 531/1994-540 by 400 times, all stream sediment sam-
ples exceeded class C as and Sb limits, and concentrations of 
Sb were 100 times higher than sanitary regulatory limits for 
drinking water10,11.

experimental
Samples were collected of geological materials and natu-

ral media (groundwater, surface waters, stream sediments, 
soils and ochres) and selected plant species (roots and shoots) 
in the field area shown in Fig. 1. Samples were preferentially 
collected in areas near potential local contamination sources 

(outflow from mines, tailings ponds and theirs surroundings, 
and mining wastes). Samples of soils, stream sediments, 
impoundment material, and plant tissues were dried and 
homogenized under laboratory conditions by standard proce-
dure. Special techniques were needed to selectively dissolve 
the solid ochre samples from the agnes and Filip adits out-
flow. Selective dissolution analysis is based on the different 
dissolution rates of various mineral phases and compounds12. 
Based on the FeoX/FedT ratio in analyzed ochre samples, it 
was possible to evaluate the relative crystallinity of the Feiii 
oxides and oxyhydroxides. Samples were dissolved by three 
different methods:

dissolution of Fe oxides and oxyhydroxides in hydro-
chloric acid
dissolution of Fe oxides and oxyhydroxides in dithio-
nate-citronate-bicarbonate (dCB)
dissolution of Fe oxides and oxyhydroxides in ammo-
nium acetate

Samples of soils, sediments, waters, impoundment mate-
rial, ochre, and plant tissues were analyzed in the geochemi-
cal laboratories of the State Geological Survey of the Slovak 
republic. Selected chemical parameters (as, Sb, Zn, Cu, Pb, 
Fe, al, mn) were analyzed by atomic absorption spectrome-
try in the < 0.125 mm mesh size fraction.

results
Chemical analyses of the various environmental media 

sampled confirm the previous field investigation findings that 
the area surrounding the abandoned Poproč Sb deposit is hi-
ghly polluted. 

results of selected chemical analysis data for soils are 
shown in Table i. The most important contaminants in the 
area are antimony and arsenic; their association is in accor-
dance with the fact that the two elements are chemically simi-
lar13,14. Their toxicology is also similar, and they are both 
carcinogenic15,16. Extremely high concentrations of Sb were 
recorded in the area surrounding the agnes adit, with values 
ranging from 4,700 mg kg–1 to 10,000 mg kg–1. The highest 
as level measured 56,900 mg kg–1. These extreme Sb and as 
concentrations in soils near the agnes adit are both a result of 
recent contamination. a 2 m thick layer of ochre precipitates 
was observed over a 200 m2 area coming from the agnes adit 
until the year 2004 when stable conditions were provided. 
The ochre precipitate, which potentially contained similarly 
high concentrations of toxic elements were in the past mecha-
nically removed by water outflowing from the Agnes adit, 
discharging to the catchment of the Olšava River. Chemical 
analysis of ochre samples collected from the agnes adit and 
dissolved in HCl show high content of as and Sb in ochre 
material (Table ii); these toxic elements have long contami-
nated the surface water and stream sediments of the Olšava 
and Bodva rivers.

antimony, analogous to arsenic, has an ability to bind 
to plant tissues and can be phytotoxic17. Considering the of-
ten-described mobility of these elements likely controlled by 

•

•

•
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Fe, mn oxides and pH18, their biosorption into organisms or 
biovolatilization in organisms19,20 is important. Plant tissues 
were sampled in the area of interest and high concentrations 

of as and Sb were detected in selected plant species. near 
the agnes adit, the maximum as and Sb values of plant tis-
sue were, respectively, 45.8 mg kg–1 and 1.9 mg kg–1 (dry 
weight).

conclusions
The results of preliminary mineralogical and geochemi-

cal sampling near the abandoned Poproč Sb deposit reveal 
significant contamination of the surrounding environment. 
The most important toxic elements in the study area are as 
and Sb. High concentration levels measured in adit estuaries 
could be caused by inadequate mine closure/rehabilitation. 
deposition of highly contaminated ochre precipitates near the 
Agnes adit and outflow are indicative of contaminated mine 
waters; inadequate recultivation has caused ochre precipitates 
(containing As and Sb) to be resuspended and to flow into the 
Olšava river catchment. The next step should be research into 
geochemical and mineralogical mobility and the bioavailabi-
lity of the main contaminants in the environmental media.

This work has been supported by the Slovak Research 
and Development Agency under contract No. APVV-0268-
06.
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Fig. 1.	 Schematic	map	of	investigated	area

Table i
Selected chemical parameters of soil samples from sur-
rounding of Sb deposit Poproč [mg kg–1]. Fe, mn, al, So4 
expressed in %

   adit adit adit adit im- im
  adit Filip- agnes agnes agnes pound- pound-
  Filip subs oU oa1 oa2 ment ment
        (cover)
 as 72 298 11,060 26,380 56,900 1,898 2,800
 Sb 3,270 86,230 9,254 4,697 9,993 4,747 4,190
 Pb 274 1723 25 < 5 < 5 351 352
 Zn 122 352 135 1,655 3,272 71 60
 Cu 54 155 48 34 52 15 13
 Fe 4.23 4.29 17 30.8 35.6 0.92 5.67
 mn 0.174 0.106 0.262 0.073 0.02 < 0.001 0.002
 al 7.97 6.92 4.73 1.44 0.07 5.06 3.38
 So4 0.13 0.11 0.14 0.27 0.24 0.27 1.97

Table ii
ochre samples chemical analyses (mg.kg-1)

 Chemical Spring 300 m nW adit
 parameter from adit agnes agnes
 Fe 106,000 336,000
 as 8,600 34,000
 Sb 5,200 6,100
 Pb 104 97
 Zn 160 831
 Cu 44 0
 mn 1,580 210
 Hg 0.4 1
 Cd 0 12
 na 8,540 1,360
 K 1,720 420
 Ca 10,600 2,460
 mg 6,070 830
 al 7,660 2,560
 S 23,300 5,950



Chem. Listy, 102, s265–s1311 (2008) Environmental Chemistry & Technology

s382

 4. Slov. Geol. mag. 5, 179 (1999).
 5. Geochim. Cosmochim. acta 71, 4206 (2007).
 6. Andráš P., Milovská S., Kušnierová M., Adam M., Šle-

sarová A., Chovan M., Hajdušková ľ., Lalinská B.: 7th 
International Symposium on Environmental Geotech-
nology and Global Sustainable Development: Environ-
mental hazards at the Sb-Au-S deposit Pezinok (Slova-
kia) in relation to the chemical and biological-chemical 
oxidation processes, Helsinki, 8. – 10. June 2004, p. 10

 7. Slov. Geol. mag. 6, 61 (2000).
 8. Env. Geol. 51, 387 (2007).
 9. ministry of Environment of the Slovak republic: Poproč 

– tailings piles, ore dumps, impoundments, search 
investigation, state by april 1996, (1996 mE Sr). (in 
Slovak)

 10. ministry of agriculture of the Slovak republic: Maxi-
mum permissible values of harmful pollutants in soil and 
definition of qualified organizations to determine real 
values of these pollutants, no. 531/1994-540 (ma Sr 
1994). (in Slovak)

 11. Government directive of the Slovak republic: Demands 
on water assigned to human usage and quality control 
assigned to human use, no. 354/2006 (2006). (in Slo-
vak)

 12. Geochim. Cosmochim. acta 45, 421 (1981).
 13. WHo: Guidelines for drinking Water Quality: Health 

Criteria and other Supporting information, (WHo 
1996).

 14. Earth-Science rev. 59, 125 (2002).
 15. Water res. 34, 4304 (2000).
 16. J. Clean. Prod. 13, 19 (2005).
 17. ann. rev. Plant Physiol. 29, 511 (1978).
 18. J. Hydrol. Hydromech. 55, 223 (2007).
 19. Environ. Pollut. 124, 93 (2003).
 20. Environ. Sci. and Pollut. res. 14, 31 (2007).



Chem. Listy, 102, s265–s1311 (2008) Environmental Chemistry & Technology

s383

P24	 Determination	of	volatile	
comPoUnDS	anD	SacchariDeS	at	alDer	
WooD	hyDrolySiS

FranTiŠEK KAčíKa, marTa LaUrováa and 
daniCa KAčíKOVáb

aDepartment of Chemistry and Chemical Technologies,
bDepartment of Fire Protection,
Faculty of Wood Sciences and Technology, Technical Uni-
versity in Zvolen, T. G. Masaryka 24, 960 53 Zvolen, Slovak 
Republic,
kacik@vsld.tuzvo.sk

introduction
a pretreatment of lignocellulosic biomass at the produ-

ction of pulp, ethanol and other technically important chemi-
cals, is a subject of research for a long time. The pretreatment 
main goal is to remove lignin and hemicelluloses, to decrease 
celullose crystallinity and to increase porosity of the lignocel-
lulosic material. The various physical, physico-chemical an 
biological processes of pretreatment are used for this purpose 
at present1,2.

one method is a high-pressure water prehydrolysis. it is 
realized at a wide range of temperatures (160–260 °C), but in 
the short time intervals (0.42–7 min) in dependence on wood 
species3.

The hydrothermal pretreatments of lignocellulosic mate-
rials have got a different effect on their main components. 
Extractives, hemicelluloses and watersoluble lignin are rele-
ased from wood in the temperature range 150–230 °C. The 
cellulose fraction depolymerises at the higher temperatures 
(210–280 °C)3,4.

at wood hydrolysis also other compounds arise except 
saccharides. They can be processed (methanol, acetic acid, 
propionic acid, 2-furaldehyde), resp. their negative environ-
mental influence must be solved5. Their concentration in the 
hydrolysates depends on wood species and the hydrolysis 
conditions, mainly on the temperature and the time of the 
treatment.

The water prehydrolysis of biomass (by saturated water 
steam and hot high-pressure water) can be considered as a 
environmentally friendly technology, where it is not necessary 
to add any chemicals6.

This paper aim was to research the release of saccharidic 
part and volatile compounds from alder wood (Alnus gluti-
nosa (L.) GaErTn.) during the water hydrolysis.

experimental
m a t e r i a l

Wood	samples	preparation
The samples from the trunk wood of 59 years old alder 

(Alnus glutinosa (L.) GaErTn.) were chipped to the dimen-
sions 2 × 2 × 10 mm.

Wood	analyses
The amount of extractives soluble in the mixture tolu-

ene-ethanol (1 : 2) was determined in accordance with aSTm 
Standard d 1107-967, the amount of cellulose by Seifert 
method8 and the amount of holocelluse by Wise method9. 
Lignin amount was determined in accordance with aSTm 
Standard d 1106-9610.

H y d r o l y s i s
Wood chips (2 g) were put into the stainless autoclaves 

with internal volume 12 cm3 and they were refilled by dis-
tilled water. The solid/liquor ratio was 1 : 4.

The prehydrolysis was performed in the thermostate at 
the temperatures 160, 180 and 200 °C. The time of treatment 
was 30, 60, 120 and 240 min. Then the autoclave was cooled 
into the temperature 20 °C and the hydrolysate was filtrated.

H y d r o l y s a t e s  a n a l y s e s
ph	value
Hydrolysates pH values were determined by the poten-

ciometric method with pH meter inoLab pH 720 (WTW 
GmbH).

Saccharides	
Saccharides amount in the hydrolysates was determi-

ned in the form of aldonitrilacetates by GC method11 at the 
following conditions: column – 5 % PEGa Chromaton n-
aW-dmCS (0.16–0.2 mm) 240 cm × 0.35 cm, column tem-
perature – 200 °C, injector temperature – 260 °C, detector 
temperature – 250 °C, detector – Fid, carrier gas – n2.

volatile	compounds
The volatile compounds in the hydrolysates (methanol, 

acetic acid, propionic acid, 2-furaldehyde) were determined 
by the method of GC12 at the following conditions: column 
– Chromosorb 102 (80–100 mesh) 120 cm × 0.35 cm, column 
temperature – 195 °C, injector temperature – 250 °C, detec-
tor temperature – 250 °C, detector – Fid, carrier gas – n2.

results
during the hydrothermal treatment of wood, various 

acid compounds are released. It is confirmed by the measu-
red values of pH (Table i). The increase of the hydrolysates 
acidity causes next degradation of wood matter and the gly-
cosidic bonds in the polysaccharides are cleavaged.

The hydrolysates acidity is due to the formation of so-
called nascent organic acids (formic, acetic, propionic e.g.), 
which are formed by the cleavage of some functional groups 
from the polysaccharides and also by the decomposition of 
arised monosaccharides. These acids have got an important 
influence on the next course of the hydrolysis, therefore they 
catalyse the glycosidic bond cleavage in the polysacchari-
des13,14.

The used alder wood contained 84.06 % of holocellu-
lose, 41.26 % of cellulose, 21.45 % of lignin and 4.97 % of 
extractives. 



Chem. Listy, 102, s265–s1311 (2008) Environmental Chemistry & Technology

s384

at the temperature 160 °C the monosaccharides amount 
in the hydrolysates increased during the total time range 
(Table ii). at the higher temperatures the maximum yield of 
monosaccharides was determined during 60 min of the hyd-
rolysis. it is in accordance with 2-furaldehyde amount incre-
ase in the hydrolysate (Table iv). The highest concentration 
of monosaccharides was observed at the temperature 180 °C 
and the time of the hydrolysis 60 min. 

The similar trend we can see at the determination of total 
saccharides amount (Table iii) determined after the hydrolysis 
by 3 % sulfuric acid. at the biggest yields of the saccharides 
(180 °C, 60 min) approximately one half of the saccharides 
amount is present in the form of monosaccharides and second 
half in the form of oligosaccharides and polysaccharides.

in the hydrolysates there are various volatile compounds. 
Their amounts increase in dependence on the temperature and 
the time of treatment in most cases (Table iv).

methanol, arising mainly by the methoxyl group clea-
vage, is extreme toxic. in some cases it is necessary to remove 
it before the next treatment of the hydrolysate. in hardwoods 
there are 3–5 % of acetyl groups (CH3Co-), they give rise 

acetic acid at the hydrolysis. The acetic acid amount incre-
ases mainly at the first 120 min of the hydrolysis, then their 
increase is retarded. it corresponds with the results of birch 
wood hydrolysis, where the increase of acetic acid amount 
was slowed or decreased in the hydrolysis at the temperature 
200 °C15,16. 

2-Furaldehyde arises by pentose dehydratation and it 
can be isolated as a valuable product under certain conditi-
ons. The temperature of 180 °C causes the heavy increase 
of 2-furaldehyde, its concentration increases due to the con-
densation reactions at the temperature 200 °C.

conclusions
From the experimental results obtained at the hydrolysis 

of alder wood can be concluded that at the mild conditions 
of hydrolysis the acetic acid and 2-furaldehyde concentration 
increases due to the saccharides deacetylation and dehydra-
tion, respectively. The amount of 2-furaldehyde decrease is 

Table i
Hydrolysates pH value

 Temperature [°C] Time [min] pH
 160 30 4.14
 160 60 3.46
 160 120 3.29
 160 240 3.18
 180 30 3.61
 180 60 3.18
 180 120 3.03
 180 240 3.09
 200 30 3.17
 200 60 2.95
 200 120 2.92
 200 240 2.97

Table ii
yield of monosaccharides in hydrolysates

 Temperature [°C] Time [min] monosaccharides [g dm–3]
 160 30 1.56
 160 60 2.84
 160 120 4.46
 160 240 9.12
 180 30 2.46
 180 60 14.40
 180 120 7.96
 180 240 3.15
 200 30 3.05
 200 60 4.71
 200 120 2.23
 200 240 1.92

Table iv
yield of volatile compounds in hydrolysates

 Temp-   acetic Propionic 2-Fur-
 erature Time methanol acid acid aldehyde
 [°C] [min] [g dm–3] [g dm–3] [g dm–3] [g dm–3]
 160 30 0.11 0.28 0.10 0.02
 160 60 0.31 1.35 0.53 0.14
 160 120 0.63 4.46 1.17 0.63
 160 240 0.54 5.77 0.94 1.64
 180 30 0.18 0.67 0.18 0.05
 180 60 0.47 5.35 0.92 0.89
 180 120 0.82 7.73 0.74 7.24
 180 240 0.84 7.52 0.65 9.23
 200 30 0.29 3.41 0.61 0.46
 200 60 0.40 7.72 0.59 6.43
 200 120 0.97 10.03 0.66 8.17
 200 240 1.13 2.95 0.82 5.12

Table iii
yield of total saccharides in hydrolysates

 Temperature Time Total saccharides
 [°C] [min] [g dm–3]
 160 30 2.43
 160 60 3.35
 160 120 15.06
 160 240 14.06
 180 30 3.83
 180 60 30.48
 180 120 12.36
 180 240 3.29
 200 30 14.97
 200 60 6.40
 200 120 3.57
 200 240 1.23
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due to its participation in the condensation reactions at the 
temperature 200 °C. 

The maximum of both monosaccharides and total sac-
charides contents were found at the temperature 180 °C and 
the time 60 min of the treatment. 

This work has been supported by the Slovak Reaserch 
and Development Agency under the contract No. APVV-
0282-06 and by the Slovak Scientific Grant Agency under the 
contract No. VEGA 1/0385/08.
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introduction
air pollution modeling is an attempt to describe the 

functional relation between emissions and occurring concen-
trations and deposition. air pollution measurements present 
these occurring concentrations and deposition, but they can 
only give a snapshot at specific locations and times. In princi-
ple, the air pollution modeling can give a more complete and 
consistent description, including an analysis of the causes-
the emissions sources-which have led to these concentrati-
ons/deposition.

air pollution models play an important role in science, 
because of their capability to investigate the importance of the 
relevant processes, and they play a major role in application 
(e.g. fire brigade intervention during chemical accidents)1.

The atmospheric dispersion modeling, where the air pol-
lution modeling belongs to, has a long history and it dates 
back to the end of 19th century, when reynolds in 1895(ref.2) 
formulated criterion for the change from laminar to turbulent 
flow, in other words the diffusion, in pipes. During the next 
few decades, the huge progress was done in the describing of 
mathematical formulas and their correspondences to obser-
vations. These formulas were evaluated in analytical way 
and they were restricted to simple cases where the solution 
could be found. nowadays, the trend of atmospheric disper-
sion evolution is based on the numerical solution of diffusion 
equation.

The diffusion equation is expressed in a form of partial 
differential equation (PDE). The solution of the equation can 
be derived by analytical process that is often very difficult 
to find. There exist many cases of PDE where the analytical 
solution to the PdE does not even exist. Thus, many kinds of 
numerical methods have been developed and they have been 
used next to the analytical ones. However, the problem exists 
in this kind of evaluation and it is the arising of numerical er-
ror. The only ways to check the accuracy is either to compare 
the results with the exact analytical solution or to compare it 
with the observation.

In our work we have used the first case thus the form 
of diffusion equation had to be simplified so as its analytical 
solution can be calculated. The reason originates from the 
fact that it is not possible to find the exact analytical solutions 
in the majority of cases where the solutions are looked for2.

mathematical	models
The general form of the diffusion equation describing 

atmospheric dispersion can be expressed as follows1:

( )

_
_

C Cu C
t

chemistry emmisions
dry deposition
wet deposition

∂
+∇ = ∇ ∇ +

∂
+ + +
+ +
+

D

 

(1)

where C is a pollution concentration, u  is a wind velo-
city, D are diffusion coefficients (their coordinate axes are Dx, 
Dy and Dz, respectively).

The chemistry term presents atmospheric chemistry 
term that is used for the determination of a chemical sub-
stance influence to the atmosphere and to the dispersion pro-
cess itself. The emissions term expresses the rate of the emis-
sions in the atmosphere and its relation to the atmospheric 
dispersion of the specific pollutant. The last two terms, dry 
and wet depositions, are the major sink terms in the model 
and besides they determine the pollutant behavior above the 
terrain surface.

In our case, we have used the advection-diffusion equa-
tion (A-DE) which is a part of equation (1) and where the 
terms chemistry, emissions and wet deposition are neglected. 
The reasons for this choice were that the chemistry and emis-
sions terms are complex to find the analytical solution for 
them. The wet deposition plays an important role for water-
soluble species only and it is not our primary concerns at this 
moment.

Full form of a-dE can be expressed as follows:

( )C CCu C W
t z

∂ ∂
= −∇ +∇ ∇ +

∂ ∂
D

 
(2)

where C, u  and D symbols have the same meanings as 
in equation (1). W is a pollutant gravitational settling velo-
city.

Equation (2) can be furthermore simplified if we apply 
following assumptions. When the wind speed value is suff-
iciently large, a diffusive transport is negligible in wind 
direction with respect to advection (Ermak3). moreover, the 
coefficients Dy, and Dz, depend on the downwind distance 
x only and they are therefore independent on the crosswind 
distance y and height distance z. From these facts, the diff-
usive terms can be simplified - the brackets are not needed 
anymore and the second derivatives appear. Last assumption 
is the stationary source with constant strength during time. 
Thus, the result of our simplification is a steady state form of 
equation (2):
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Here ux is a wind speed in the x direction; all other vari-
ables are the same as in equation (2).

To be completed, the PDE (3) needs to have specified 
boundary conditions. The first condition follows from an as-
sumption of continuous point source with constant strength 
located in (0,0,h) coordinates:

The next two conditions follow from the natural assump-
tion that pollutant concentration approaches zero far from the 
source in the lateral y directions and high above the source:

( ), , 0 .C x z+∞ =  (3b)

( ), , 0 .C x z−∞ =  (3c)

( ), , 0 .C x y +∞ =  (3d)

The last boundary condition is that pollutant deposi-
tion onto the ground occurs at a rate proportional to local air 
concentration3 (for simplicity, the flat ground is taken into 
account only):

( ) [ ] 0
0

 .z z
z

CD W C vC
z =

=

∂ ∞ + = ∂   
(3e)

The deposition velocity v depends on many factors such 
as type and size of pollutant particles, the roughness of ter-
rain and its other surface properties and the meteorological 
conditions.

a n a l y t i c a l  m o d e l
The analytical solution of equation (3) with respect to 

boundary conditions (3a-e) is derived in (refs.3,5,6), and it is 
done by expression (4):

The standard deviations of plume width and height, σy 
and σz, are defined in terms of their respective diffusion coe-
fficients3,6:

The error function erfc (ξ) is defined in (ref.4) as:

n u m e r i c a l  m o d e l
in our model we have decided to use the well know 

method of lines, which was frequently used for solving diffe-
rent kinds of PdEs by classical analog and hybrid computers. 
in order to perform this method the given PdE (3) must be 
transformed into the system of ordinary differential equations 
(odEs). To do that the discretization of all variables except 
one must be done. in our case we have discretized y (points 
j, step Δy) and z (points k, step Δz) variables and we have 
let the x variable continuous (because of the assumed wind 
direction).

The obtained system of odEs is as follows:
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The system of odEs (6) is solved inside the <Nj;Nj> 
interval along the y direction, and inside the <0;Nk> along the 
z direction, where Nj and Nk are natural numbers. Thus the 
total number of odEs is (2Nj + 1) × (Nk + 1) and all equations 
can be solved for current time point in parallel.

The boundary condition (3a) is transformed to new ini-
tial conditions (7a):

( )

( ) . otherwise0,,0

,0,0
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kjC
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(7a)

and new boundary conditions (7b–e) for the odEs sys-
tem (7) with respect to (3b–e) are:

 (3a)

 
(4)

 (5)

 (6)
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For integration of the system of odEs (7) the 4th order 
Runge-Kutta method was chosen. It has sufficient accuracy 
as is shown in the next chapter.

results
As was mentioned above equation (3) supposes one point 

source that has constant strength. it means that the amount of 
pollutant is constant during time. The wind flows along x axis 
with constant speed and the ground is flat everywhere. In our 
experiments, all diffusion coefficients were constant in every 
space points during time, for simplicity.

now everything is defined to solve our model of 
PdE (3) with boundary conditions (3a–e). The experiment 
has been done with following coefficient setting. The diff-
usion coefficients has been set like that: Dy  =  0.23 m2 s–1,  
Dz  =  0.23 m2 s–1 which is the parameter of ammonia, other 
coefficients has been: v  =  2 m s–1, W  =  3 m s–1, ux  =  2 m s–1, 
Q  =  0.1 kg s–1 and H  =  1.5 m.

The space discretization has been chosen as follows: 
Ni  =  600, Nj  =  50, Nk  =  50, Δx  =  0.005 m, Δy  =  0.05 m and 
Δz  =  0.05 m. in this case the assumed space 3 m × 2.5 m × 2.5 m 
has been discretized into 1,500,000 points in which the equa-
tions have been calculated.

v i s u a l i z a t i o n
We made simple program/tool for solving given a-dE 

and for the visualization of the results with possibility of 
comparison the analytical and the obtained numerical soluti-

ons. The program has possibility to make the cuts through the 
perpendicular grid in Xy, XZ and yZ planes in any depth and 
the appropriate grid points can be plotted.

Fig. 1. and Fig. 2. show the Xy and XZ cuts for our 
above-defined experiment. The level of gray (the lighter the 
more concentrated) expresses the amount of concentration of 
pollutant at each point - the most concentrated means appro-
ximately 0.5% of source concentration.

Scales of axes (x is horizontal, y is vertical) in figures 
above are these:

Fig. 1.: x axis: <0, 3.8> m, y axis: <–0.8, + 0.8> m
Fig. 2.: x axis: <0, 3.3> m, y axis: <0, 2.5> m

The three-dimension (3d) visualization is another way 
to represent the calculated data in space. it has many advanta-
ges and gives to the user tool for fast investigation of the 
result. Many methods of gas or fluid visualization were deve-
loped however not all are suitable for our purpose. We can 
mention the stream ribbons, stream surfaces, particle traces, 
vector fields etc.7.

•
•

Fig. 1. xy plane cut in zero depth, which means that the ground 
pollutant dispersion is shown. The wind flows from left to right

Fig. 2. xZ plane cut in depth of 25 of overall depth 50 which 
means that the cut in depth of point source is shown. The wind 
flows from left to right

Fig. 3. 3d visualization of pollutant dispersion in the atmos‑
phere. The white color points show the highest concentration of 
pollutant, the black color points show its low concentration
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in our case, we have inspired in particle visualization 
of pollutant concentration. after many experiments of diffe-
rent ways of visualization, we conclude to the one showed in 
Fig. 3. The concentration is expressed by two basic methods 
– by color and by particle count. The level of the top concen-
tration can be adjusted – in Fig. 3. the white means approxi-
mately 1 % of source concentration, thus the user can see that 
this level of concentration will occurs in the presented scena-
rio on the ground too. For the better perception of depth, the 
further particles are darkened, they do not interfere with the 
foreground particles.

a c c u r a c y
The problem of numerical calculation is the stability of 

the system and the accuracy of the calculation. Both depend 
especially on the size of calculation steps. in our case, when 
we have transformed the PdE (3) into the system of odEs (7), 
three calculation steps exist.

The first step Δx is a step along x axis and it is used as 
integration step in described experiment. Thus, its size prima-
rily influences the accuracy of obtained results.

Last two steps Δy and Δz discretize y and z variables and 
they have impact on the size of odEs system (7). These steps 
subdivide the space in lateral directions and both are used 
for approximation of the second derivatives appearing in 
PDE (3). Therefore, they influence both the stability and the 
accuracy and they thus indirectly affect the size of Δx.

in case of our numerical solution of a-dE there exist 
specific properties of the calculation behavior, as you can 
see from our error measurement shown in Fig. 4., where the 
absolute error is shown. The error evolution is shown along 
the wind direction. More specifically the error is the mean 
error in all points (one plane) of the specific x distance.

The greatest error along x axis has been measured close 
to the source, which is caused by definition of the initial con-
dition (7a). Fig. 4. shows other peak of error which is around 
0.7 m distance from the source. That is the place where the 
plume reaches the ground. The boundary condition (7e) which 
is the approximation of boundary condition (3e) is the main 
reason of this error existence. it must be noted that the nume-
rical calculations were stable in spite of measured errors.

conclusion
The numerical method of a-dE solution has been pro-

posed and implemented and the results have been presented. 
In addition, the accuracy of our model has been verified by 
comparison with the analytical solution.

Presented method is relatively simple and easy to imple-
ment, therefore, it can be relatively easy extend to more 
general form of the a-dE which will be the main goal of the 
future project progress. The extensions could be the general 
wind direction and speed, the non-flat ground with obstacles 
(trees, buildings etc.), non-stationary point source/sources 
etc. moreover, other atmospheric parameters such as tempe-
rature and humidity and substance chemical properties will 
be added to the model for even more physically and chemi-
cally correct behavior.

This preliminary work will be served as a base for more 
sophisticated model that will be a part of the intelligent sys-
tem for human protection against consequences of industrial 
accidents and its analysis. To do that many experiments and 
measurements of real substance outflows, gas dispersion etc. 
will have to be done.
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introduction
The possibilities of reprocessing of some dangerous put- 

out chemicals and wastes are described. The usual way for 
the disposal of these compounds and wastes is the effective 
combustion in the suitable incinerator. However, this facility 
must be equipped with effective furnace, vigorous supplier 
for air-oxygen, hold-up of waste gases for at least six seconds 
and also with effective cleaning of emissions1–4. Procedure is 
relatively simple, however too expensive. Some of these che-
micals and wastes can be disposed by total decomposition by 
means of strong reactive chemical agents5–10. We suggested 
and also elaborated the chemical reprocessing of these che-
micals or their wastes into some non-toxic chemicals, sui-
table for technical praxis.

Proposed	Procedures
B e n z i d i n e  ( 4 , 4 ’ - d i a m i n o d i p h e n y l ) 
( 9 2 - 8 7 - 5 )

Benzidine as dangerous proved chemical cancerogen is 
already put out from chemical praxis and usually its diposal is 
due to combustion in suitable mixtures of more combustible 
materials1–4. This compoun is possible to change by repro-
cessing into aromatic etherical compound. The base of this 
reprocessing is diazotation of benzidine (base, hydrochlorine, 
sulfate) in the methanolic solution by dry hydrochlorine and 
then with addition of concentrated water solution or fine-
lly powdered alkaline nitrite in the ice bath. When diazoti-
zation is over, another methanol is added and the reaction 
mixture is very slowly heated (simmered) in the large flask 
under reflux water-cooled condenser. The diazonium salt is 
slowly decomposed, the nitrogen gas escape and in the met-
hanol solution after heating up to boiling is converted into 
the 4,4’-dimethoxydiphenyl compound (fragrance). noTE: 
The volume in the flask must be at least twice larger than 
volume of reaction mixture because the escape of nitrogen 
gas is vigorous and it is possible to reach explosion hazard 
of the flask. This compound often contains 4,4’-dihydroxydi-
phenyl as impurity, especially if this reaction is carried out in 
the presence of water.

When we need the pure compound, it is possible to 
apply alkalization by means of alkaline lye and then to use 
some methylating agent, such as methyl iodide or dimethyl 
sulfate11,12. in the case we use ethanol as solvent, after boi-
ling the diphenyl compound is obtained.

The similar procedure is possible to use for other aroma-
tic amines and diamines, such as 1,4-diaminobenzene known 
as p-phenylene diamine (Ursol S, alergen, harmful sub-
stance) and other aromatic diamines as 1-aminonaphtalene 

(alfa-naphtyl amine) and 2-aminonaphtalene (beta-naphtyl 
amine, Feba, Fenyl-beta, PBn), which is also very potent 
carcinogen!

H y d r a z i n e  ( d i a z a n e )  / 3 0 2 - 0 1 -
2 /  a n d  a l s o  H y d r a z i n e - H y d r a t e 
( 1 0 2 1 7 - 5 2 - 4 )

Hydrazine in the salts (hydrochloride, sulphate) is rela-
tively stable substance and its disposal is quite safe5–10. Hyd-
razine in the form of base or hydrate is also effective carci-
nogen and its disposal is usually realized by the means of 
combustion1–4.This substance is possible to convert to pro-
sperous compound by boiling with benzaldehyde resulting 
into substituted hydrazone, known in the cosmetic industry 
under trade name Benzalazine (cheap Uv-absorber for sun-
creams).

H y d r o g e n  C y a n i d e  ( F o r m o n i t r i l e , 
Z y k l o n  B )  ( 7 4 - 9 0 - 0 8 )  a n d  a l k a l i n e 
C y a n i d e s  K C n  ( 1 5 1 - 5 0 - 8 )  a n d 
n a C n  ( 1 4 3 - 3 3 - 9 )

Hydrogen cyanide and alkaline cyanides are very toxic 
substances. They could be totally decomposed under influ-
ence of strong oxidative agents, such as alkaline hypochlo-
rites, hydrogen peroxide and fumic nitric acid, even to nitro-
gen, carbon dioxide and water13–15. However all concentrated 
alkaline cyanides could be converted by heating of their etha-
nolic solution together with benzyl chloride and the benzyl 
cyanide (phenylacetonitrile). after addition of toluene into 
reaction mixture, followed by azeotropical distillation and 
removal of reaction water the phenylacetic acid ethyl ester 
is obtained. This compound is possible to obtain as pure sub-
stance (fragrance) after suitable drying (calcium chloride or 
sodium sulphate) and distillation. after reduction by hydrides 
it is possible to obtain 2-phenylethanol (fragrance) as the che-
mical substitute of natural rose oil.
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abstract
results of experimental study focused on the removal 

of humic substances and turbidity by cationic biopolymer 
chitosan are presented. Chitosan is a natural high-molecu-
lar-weight polymer prepared from chitin, which is a polysa-
ccharide found in the exoskeleton of shellfish like shrimps 
or crabs. The high content of amino groups provides very 
interesting heavy metals chelating properties to chitosan. 
Chitosan is partially soluble in diluted mineral acids such as 
Hno3, HCl, H3Po4. We have used 0.5% solutions of chitosan 
diluted in 0.1m HCl. aggregates of humic substances after 
inorganic coagulant or chitosan addition were separated by 
centrifugation. Tests were made with model humic water. 
The aim of this work was to found optimal use of chitosan 
and to compare its coagulative effectivity with that of stan-
dard coagulants – ferrous and clayey sulphate. 

introduction
Chitosan is a derivative of chitin, a polysaccharide that is 

the major component of the shells of crustaceans and insects. 
Chitin consists of long chains of acetylated d-glucosamine, 
that is, glucosamine with acetyl groups on the amino groups 
(n-acetylglucosamine). Chitosan is n-deacetylated chitin, 
although the deacetylation in most chitosan preparations  
is not complete (see Fig. 1.). Chitin itself is usually prepared 
from crab or shrimp shells or fungal mycelia. Treatment with 
an alkali then produces chitosan with about 70% deacetyla-
tion1,2. 

Chitosan as cationic polysaccharide is an important 
polymer flocculant in water treatment. It is known that in 
chitosan’s molecular structure contains many amino groups 

(–nH2) and hydroxyl groups (–oH) on the molecular chain. 
These –oH and –nH2 groups contain single-pair electrons 
that can offer the electron pair to empty d-trajectories of 
metal ions. Chitosan can therefore be used for removal of 
many unwanted metal ions from water such as al3+, Zn2+, 
Cr3+, Hg2+, ag+, Pb2+, Ca2+ and Cu2+ etc. Because the active 
amino groups in chitosan molecule can be protonated with H+ 
in water into a cationic polyelectrolyte3 the molecule shows 
effects of static attraction and adsorption. Thus chitosan can 
also flocculate particles into digger flocs which become depo-
sited. Chitosan can be effectively used for removing Cod 
(organic contaminant) and SS (solid suspending substances) 
in water treatment.

Compared with traditional chemical flocculants, chi-
tosan has the following advantages: the required dosage is 
lower, a the depositing velocity is higher, also the efficiency 
of removing Cod, SS and metal ions is better, sludge tre-
atment is easier and there is no further pollution. Chitosan 
as a flocculant for treating of water will be more expensive 
than traditional flocculants. The objective opf our work was 
to prepare a cheaper composite based on the chitosan floccu-
lant material and to make this up from lobster shells4 and 
other chemical flocculants. This composite chitosan floccu-
lant was planned not only to reduce flocculation cost but also 
to improve flocculating function, in comparison with single 
chitosan flocculant and traditional chemical flocculant poly-
aluminium chloride (PaC)5.

impurities present in the raw water are in suspended, 
colloidal, and dissolved form. These impurities are dissolved 
organic and inorganic substances, microscopic organisms, 
and various suspended inorganic materials. it is necessary to 
destabilize and bring together (coagulate) the suspended and 
colloidal material to form particles. afterwards these partic-
les are removed by filtration. 

Coagulation is accomplished by the addition of ions 
having the opposite charge to that of the colloidal partic-
les. Since the colloidal particles are almost always negati-
vely charged, the ions which are added should be cations or 
positively charged. Typically, two major types of coagulants 
are added to water. These are aluminium salts and iron salts. 
The most common aluminium salt is aluminium sulphate, the 
most common iron salt is ferric sulphate. iron and aluminium 
salts are used as primary coagulants and the reactions that 
occur after addition of these coagulants are fairly well elu-
cidated. more recently, organic polyelectrolyte coagulants 
have become also used. organic coagulants are sometimes 
used in combination with inorganic coagulants. depending 
on the specific chemistry of the target water, polymer use can 
vary from as little as 5 % of the total coagulant dosage to as 
much as 100 % ref.6.

Chitosan has been widely used in vastly diverse fields, 
ranging from waste management to food processing, medi-
cine and biotechnology. it becomes an interesting material 
in pharmaceutical applications due to its biodegradability 
and biocompatibility, and low toxicity. The protonization 
of amino groups in solution makes chitosan positively char-

Fig. 1.	 Structure	of	chitosan
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ged, and thereby very attractive for flocculation and different 
kinds of binding applications. Since most natural colloidal 
particles, including bacteria and macromolecules, are nega-
tively charged, attractive electrostatic interactions may lead 
to flocculation1,2,4.

experimental
C h i t o s a n  S o l u t i o n s

Chitosan is partially soluble in dilute mineral acids such 
as Hno3, HCl, H3Po4. We have used 0.5% solutions of chi-
tosan Tm 324 (Primex, island) diluted in 0.1m HCl. The 
solution was prepared fresh before each set of experiments 
for consistency.

m e t a l - B a s e d  C o a g u l a n t s
Ferric sulphate [Fe2(So4)3] and aluminium sulphate 

[al2(So4)3
. 18H2O], supplied by Kemifloc a.s. (Přerov, 

Czech republic) or Kemwater ProChemie s.r.o., (Bakov 
nad Jizerou, Czech republic) respectively were used for the 
experiments.

m o d e l  H u m i c  W a t e r s
Tests were made with model humic water. model water 

was mixtures of distilled water, tap water and natural con-
centrate of humic substances sampled from a peatbog near 
Radostín. Selected model humic water parameters are given 
in Table i.

Turbidity was formed by addition of bentonit. absorbance 
at 254 nm was measured in 1-cm cell and absorbance at 
387 nm and at 820 nm were measured in 5-cm cell7.

C o a g u l a t i o n  T e s t s
Coagulation test using centrifugation as the separation 

method was employed. This test did allow us to study for-
mation of nom particles by Brownian motion (perikinetic 
coagulation) and has the highest possible degree of repro-
ducibility (in any place in the world) as temperature is the 
only parameter influencing the kinetics of particles forma-
tion. aggregation time was 10 and 40 minutes. absorbance at 
254 nm, 387 nm and 820 nm were evaluated.

Fig. 2. Turbidity removal comparison between different initial turbidity levels
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results
Chitosan solution was dosed into model waters with 

values of initial turbidity 25, 45, 100 a 200 nTU. The dosages 
of chitosan were from 0.5 to 5.0 mg dm–3.

Figs. 2 and 3. show comparison of removal of turbi-
dity between different initial turbidity. optimum coagulant 
dose ranged from 2.0 to 3.0 mg dm–3 of chitosan. removal 
of turbidity was more than 90 % in optimum dose. applica-
tion of higher dosages induced lower efficiency of turbidity 
removal. values of turbidity were lower than 2.0 nTU after 
treatment8.

conclusion
Generally, the results show very good removal of humic 

substances and turbidity by chitosan. The optimum pH value 
for chitosan coagulation was between 6–7 ref.9.

almost 100% removal was reached when using relati-
vely low dosages of chitosan. value of turbidity lower than 
10 nTU was measured already at dosage of 0.5 g dm–3. The 
results show that chitosan is a promising substitute of metal-
based coagulants, which are traditionally applied in treatment 
of turbid humic waters.
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Table i
Parameters of starting model humic waters

 pH 6.3
 anC4.5 [mmol dm–3] 0.4
 χ [mS m–1] 16.7
 a254 (1 cm) 0.178
 a387 (5 cm) 0.196
 a820 (5 cm) 0.015
 turbidity [nTU] 2.4
χ – conductivity; AnC4.5 – acidic neutralising capacity to 
pH 4,5; a254 – absorbance at 254 nm; a387 – absorbance at 
387 nm; a820 – absorbance at 820 nm

Fig. 3.	 Dependence	of	absorbance	and	ph	at	chitosan	dosage
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introduction
The range of soil amendments applying in agriculture of 

European countries, and asia as well is considerably wider 
than the one in Slovakia. However, after Slovak accession 
to EU it has started to diversify year by year, as many soil 
amendments affect positively on weathering of the mineral 
soil elements and mineralization of organic soil elements. 
They reduce production of non-soluble phosphorus com-
pounds, thereby affect positively on the level of available soil 
nutrients. Consequently they are alternative sustaining har-
vest stabilization due to the financial shortage for purchase of 
the industrial and organic fertilizers1.

The trial aim was to ascertain the affect of two almost 
identical recycled waste rock wools produced for hydro-
ponic plant growing (agroban) and for building industry 
(nobasyp) by the company Izomat nová Baňa on many soil 
parameters.

experimental
C h a r a c t e r i s t i c s  o f  t h e  W a s t e 
( r o c k )  B a s a l t  W o o l s 

nobasyp is a commercial name for loose minced 
thermo-insulating material sold as nobasil. it is produced as 
a result of milling (recycling) of nobasil which has not met 
the requirements of the consumer (shape, thickness, colour, 
etc.). agrodrap can be obtained by scrapping the pieces of 
rock wool (basalt wool) commercially sold as agroban. 
in a similar way like nobasyp, agrodrap is produced with 
the aim to evaluate agroban which is made with different 
parameters than the particular buyer requires. Appropriate 
agrochemical and hygienic-toxicological parameters of used 
waste rock (basalt) wools were the condition for their inclu-
sion in biological tests.

v e g e t a t i o n  T r i a l s
The pot trial was realized in a vegetation cage located at 

the Slovak agricultural University in nitra. 25 kg of Haplic 
Luvisol with a low content of C, accessible n and P and a 
high content of K were weighed out into 30 kg pots–1. Every 
pot was sown with 100 spring barley grains. after the ger-
mination the number of the individuals was united to 75 
plants per pot. There were 8 treatments repeated four times 
(0 – control; nS1 – nobasyp dose of 20 t ha–1, ad1 – agro-

drap dose of 20 t ha–1; nPK – the dose of nPK fertilizers 
consisting of n dose – 140 kg ha–1, P dose – 50 kg ha–1 and 
K – 40 kg ha–1; nPK + nS1 – fertilizers + the basic dose of 
nobasyp 20 t ha–1; nPK + nS1/2 – fertilizers + half a dose of 
nobasyp 10 t ha–1, nPK + ad1 – fertilizers + the basic dose 
of agrodrap 20 t ha–1; nPK + ad1/2 – fertilizers + half a dose 
of agrodrap ). The doses of nPK nutrients (n – 3 g pot–1, P 
– 1 g pot–1, K – 2 g pot–1) were calculated taking into account 
the nan and accessible P, K contents in the Haplic Luvisol as 
well as the requirements of the nutrients for planned yield 
(6 t ha–1 of the grain).

nitrogen was added in the fertilizer dam 390, P in 
a form of simple superphosphate and K in a form of 60 % 
KCl. nobasyp and agrodrap doses were chosen on the basis 
of knowledge2.

The spring barley harvest was performed in a growth 
phase dC 91. after the harvest the soil samples were taken 
from the whole profile of each pot where was given a research 
in the effect of waste rock wools on many soil parameters.

a n a l y t i c a l  m e t h o d s
Specific electric conductivity (EC) was determined by 

the conductometer Hana Hi 8820 n. The hydrogen ions acti-
vity was sensed potentiometrically by the glass electrode (in 
a soil suspension) after 24 hours of effect 1m KCl on the soil. 
The cation exchange capacity was detected as a sum of the 
base of saturation and the total acidity of soil3. The total carbon 
content was sensed oxidometrically, oxidation with K2Cr2o7 
in the environment H2So4. Composition of humic substances 
was detected by Kononova – Beltchikova method3. The con-
tent of Cd, Pb, Cr, ni was detected after mineralization with 
HF + HClo4 by atomic absorption spectrophotometry.

results	and	Discussion
The application of nobasyp or agrodrap (20 t ha–1) 

has statistically significantly increased the cation exchange 
capacity (+ 35.7 % and + 17.2 %), the sum of exchange basic 
cations (+ 42 % and + 21.4 %) and the base of saturation 
of the soil (+ 4.7 % and + 3.6 %). The bulk density of the 
soil has been decreased significantly as well (–5.7 % and 
–2.5 %), whereas nobasyp has determined the parameters 
more importantly than agrodrap. Established results are at 
disagreement with the contention4 which assert that the use 
of the mineral wool do not improve physical parameters of 
the soil. The assertion is irrational, because their experiments 
were narrowly focused on the effect of the wools on the water 
reserves increase of eroded soil. 

Both materials have had a positive effect on the total 
carbon content (+ 2.1 % and + 9.3 %) and and the organic 
matter quality, thereby have increased the humic acid share 
in the soil, whereas Agrodrap has had more significant effect 
on these parameters than nobasyp. The combined application 
with nPK fertilizers has increased the positive effect of the 
wools on the increase of the organic matter quality of the 
soil.
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Both waste rock wools have had an alcalic effect on the 
soil and have deadened acidic effect of the fertilizers and 
the negative effect on the increase of salt content in the soil 
as well. They have had the same effect on the content of nine 
determined heavy metals in the soil (Cd, Pb, Cr, Zn, Cu, Co, 
ni, mn, Fe) as nPK fertilizers application.

 at the end of the trial was the content of six heavy 
metals (Cd, Pb, Cr, Cu, Co and ni) in all the treatments lower 
than before the start of the trial.

conclusions
due to the neutral effect of wools on the heavy metals 

content in the soil and the positive effect on the remaining 
soil parameters can be nobasyp and agrodrap regarded as 
soil amendments.

This work has been supported by grant projects VEGA 
No. 1/1346/04 and 1/4418/07
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introduction
Erosion processes in watersheds belong to serious eco-

logical and economical problems because of negative con-
sequences in terms of soil and water deterioration as well as 
on the environment as a whole. Sediments, detached by the 
erosion, bind nutrients (particularly nitrogen and phospho-
rus), that can significantly affect the balance of the aquatic 
ecology, resulting in eutrophication of lakes and rivers1.

more studies in Slovakia have been focused on the asse-
ssment of soil erosion, based upon principles and parameters 
defined in the Universal Soil Loss Equation, but neither from 
them has dealt with nutrient transport assessment in con-
sequence of water erosion. 

This contribution deals with the nutrient transport from 
eroding upland fields by the small water basin Kľušov.

experimental
m a t e r i a l  a n d  m e t h o d s

The study of nutrient transport assessment in con-
sequence of water erosion has been realized in vicinity of 
small water basin (SWB) Kľušov situated at the Tisovec 
stream in the east of Slovakia. average depth of SWB is 
3.5 m and its total capacity is 72,128 m3

According to last measuring, the quantity of sediments 
in reservoir caused the decreasing of SWB capacity about 
33 % during 18 years. Therefore this reservoir was run the 
water off from 2005 to 2007 and has been chosen as model 
basin for our study. 

For bottom sediment quality assessment, there was rea-
lized sampling of bottom sediments and also sampling of 
arable land in vicinity of reservoir.

Soil samples were taken according the modified metho-
dology for nutrient transport assessment in consequence of 
water erosion. This methodology comes out from decree 
of the ministry of agriculture of the Slovak republic 
no. 338/2005 Coll. combine with Soil Sampling according 
to mahler and Tindall2, because Slovak decree doesn’t assess 
soils in term of total phosphorus and nitrogen concentrations, 
it considers only with plant available nutrients.

Soil samples were taken from arable land in period 
2006–2007.

Together with soil samples also one composite sediment 
sample was taken from each selected locality – along the 
reservoir and by the dyke.

Localities for sediment and soil sampling are shown in 
Fig. 1.

In the first stage of our research, the granularity impact 
of soil and sediment particles on the nutrient concentration 
was followed, because pollutants are preferentially attached 
to the finest particles (fractions below 63 microns)3.

Samples of bottom sediments and soils were analyzed 
for total n and P in accredited laboratory of State Geological 
Institute of Dionyz Stur Spišská nová Ves.

results
From chemical analyses (Table i) follows that nutrient 

concentrations in average soil sample (P1, P2) were nearly 
identical with concentrations of followed compounds in frac-
tions below 63 microns (P1’, P2’).

The concentrations of P, n in chosen sediment samples 
(S1–S8) were diverse due to irregular sediment deposition in 
the reservoir (Table ii). These concentrations increase with 
proportion of the finest particle fraction and the higher con-
centrations are by the dyke (Fig. 2.). in this case the literary 
information3 about higher concentrations of the followed 
compounds (n, P) in sediment samples in fraction below 63 
microns has been confirmed. Because we found4 that nutrient 
concentrations in sediment average sample (S1, S2, S5) and 
sediment fractions below 0.063 mm (S1’, S2’, S5’) are nearly 
identical, in the next research we have focused only on con-
centration in average sediment and soil sample (Table i, ii).

Fig. 1.	 Sediment	and	soil	sampling	localities

Table i
Concentration of n and P in the arable land

 Sample ntot [%] Ptot [%]
 P1 0.08 0.069
 P1’ 0.09 0.068
 P2 0.12 0.065
 P2’ 0.13 0.066
 P3 0.18 0.082
 P4 0.16 0.055
 P5 0.22 0.075
 P6 0.23 0.06
 P7 0.20 0.077
 P8 0.22 0.058
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nutrient transport assessment from soils to surface 
water was studied through transport of dissolved and adsor-
bed forms of n and P. 

For determining nutrient concentrations in dissolved 
phase several leaching experiments were realized. Expe-

riment results have shown that portion of dissolved phase 
represented 0.46–0.65 % of total P and 0.37–0.46 % of total n 
in the soil sample. According these findings, dissolved phase 
weren’t considered.

as follows from Table i, nitrogen concentrations in 
adsorbed phase of soils varied from 0.08 % to 0.23 % and 
phosphorus concentrations were in range 0.054 % to 0.082 %. 
it depends on rates and date of fertilizer application and also 
on type of grown crop and its uptake rates (samples P1–P4 
before and P5–P8 after nitrogenous fertilizer application).

conclusions
The concentration of nutrients in studied soil samples 

wasn’t influenced by their granularity and depends on the 
applicable fertilizer rates and grown plant uptake. 

The results from chemical analyses confirmed the lite-
rary information that the concentrations of P, n in chosen 
sediment samples are diverse due to irregular sediment depo-
sition in the reservoir and increase with proportion of the 
finest particle fraction.Concentrations of P, n in sediments 
correspond to their concentrations in soils what is in accord 
with our results about their maximal portion in adsorbed 
phase.

This work has been supported by the Slovak Grant 
Agency for Science (Grant No. 1/0613/08).
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Table ii
Concentration of n and P in SWB sediments

 Sample ntot [%] Ptot [%]
 S1 0.26 0.112
 S1’ (100 %) 0.26 0.112
 S2 0.24 0.113
 S2’ (97.65 %) 0.24 0.110
 S3 0.22 0.066
 S4 0.23 0.066
 S5 0.24 0.112
 S5’ (89.24 %) 0.25 0.115
 S6 0.20 0.090
 S7 0.17 0.049
 S8 0.14 0.070

Fig. 2. influence of sampling distance from the dyke on the n 
and	P	sediment	concentration
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introduction
Competing business challenges to interest in production 

process as determined factor for quality products, environ-
ment protection, production machinery condition, required 
parameters for machining and elaborateness for given accu-
racy. one of solution is the implementation modern simula-
ting devices and applications of analogs in production prac-
tice.

it is necessary to pay attention to production process 
as a determined factor for product quality, environment pro-
tection, production machinery state, required parameters for 
machining and elaborateness, which is given for achievement 
of required accuracy. One of solution is implementation of 
modern simulation devices and application of models in pro-
duction operation.

environmental	Strategies
Environmental aspects, its loading and protection give 

production enterprises the possibility of evaluation of their 
production methodology, used technology, raw material and 
energy management in term of environmental influence redu-
ction.

However, the quality of these solutions dependeds on 
project quality for new building-up or reconstruction of pro-
duction, there is need to add ecological aspects to ordinary 
methods of projecting.

The ecological ones in determined term ensure sustai-
nable development of environment. Policy, economy and 
ecology have got significant function. Works, function and 
possibilities in environmental creation and protection could 
be outlined in points which represent strategy of mechanical 
engineering development in environmental view at present:

production of environmental suitable products, 
using of environmental acceptable technologies for their 
production, 
energy and raw material economy – low-waste, non-
waste and recycling technologies,
machinery and devices production for environmental 
protection and creation (water treatment plants, filters, 
separators, traps, eco-technology).

model	creation	of	mechanical	engineering	Production	
Process

Production process is the collection of human activity, 
machinery and physical processes and its results are particu-

•
•

•

•

lar kinds of products. at every production process there are 
three factors:

systematic activity – human work,
work objects which are transformed to products – basic 
mechanical engineering products are machines, function 
groups, nodal points and components,
means of work, which are production machines, devices, 
tools, accessories, helpers, transport and handling equip-
ments, control technology1.

during production process shape and composition mate-
rials are changed so that the result is the new utility value. 
The production process can start if production factors, inputs 
are disposable. one of inputs can be also the creation of pro-
duction process model. That is why is necessary to have con-
crete data, which characterize given production process.

By analysing of process activity there are scheme where 
particular phases of phenomena observation or object per-
form these activities that are each other connected and regu-
lated by producer’s and customer’s decision. 

in accordance to environmental view the mechanical 
engineering production process is open system with its rela-
tion to surroundings. it has got full interaction among subje-
cts. In accordance to relations this system is quite open which 
makes possible the full interaction to surroundings. in Fig. 1. 
and Fig. 2. there is the comparison of production process 
from the point of the view:

influence on the environment
renewable and unrenewable resources exploitation of 
raw materials and energy
interaction with other processes
waste production4.

Environmental suitable production has to follow the 
main aim. Production process is regarded as system which 
creates closed structure with interaction of system environ-

•
•

•

•
•

•
•

Fig. 1.	 nonenvironmental	production	process
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ment, i.e. Closed Loop Systems, Fig. 3. This system demon-
strates renewable energy, nontoxic materials in a closed loop 
and sustainable product design. it is rooted within circular 
concepts of the product life cycle.

Production process has also got its life cycle. There 
are characterized its production, system, technological and 
environmental phases. according to production aspects the 
process can be in beginning phase of its cycle. However 
according to environmental impact view can be out-of-date 
or according to qualitative parameters in leading countries 
“outsider”. Working out of equivalent model of production 
process is has got several phases as followings:

P r e d i c t i o n  a n a l y s i s
Estimation of production running, its inputs and outputs 

is possible to make or by considering that production has got 
the same way eventually similar way or quite new and diff-
erent way. The way is determined as kind of application, its 
evaluation, modification or change of production, systemic, 
technological and environmental approaches. it is important 
to establish the reliable obtained information. it can reach 

to use accurate methods of data collecting or application of 
measurement methods if there is an existing operation plant 
where it is possible to obtained parameters.

d e v e l o p m e n t  o f  m e t h o d
according to number of inputs and outputs, we can cho-

ose strategy or methods for model development. We obtained 
various types of models with the combination of individual 
parameters. if we choose the main point as economical point 
and inputs will be reduced only gains, expenses, costs per 
hour, costs per piece, etc. very simply model comes into exis-
tence but in real operation there is not applied. many cus-
tomers ask for quality, ecology, and modern technology not 
only low price.

m o d e l  i m p l e m e n t a t i o n
There is a verification of prediction and correctness of 

used methods. if the preparation is worked out in details then 
the implementation is simple and the model can be applied 
in short time. implementation makes possible to modify 
a model and it creates other opportunity to regulate and to 
adjust the model.

C o n t r o l l i n g  o f  m o d e l
After successful implementation of model there is final 

period – i.e. control. it is the adjusting according to external 
and internal operational demands. all feedback relations in 
system can be used and following modifications, which do 
not influence the model creation but only they simulate all 
changes in production.

a p p l i c a t i o n  o f  m o d e l
model, which is created in this way, exists from its 

beginning to its end and this model makes possible to elimi-
nate or minimize mistakes. These mistakes would be develo-
ped directly in operation without the using of previous simu-
lation.

model becomes the control tool for production process. 
mistakes in model are cheaper than real production and chan-
ges, which are done in model, are reversible as well. Produ-
ction enterprises can use model for improving or represen-
tation for customers, contact persons from state institutions, 
for certification of quality of environmental management, 
for training and courses of employees or for comparison of 
product quality to competing product. In model there are all 
accessible methods and technologies, which product operator 
requires. One of methods is Life Cycle Assessment (LCA)2.

life	cycle	assessment
Life Cycle assessment is very often term predominately 

in environmental management field. Every mechanical engi-
neering product shows environmental “track” in environment 
and this way these environmental impact are evaluated during 
all its life cycle – from the cradle to grave. it is complicated to 
obtain enough data number from operation. or obtained data 
are different values, units or time and accuracy of obtaining. 

Fig. 2.	 environmental	production	process

Fig. 3.	 closed	loop	Systems4
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Production process is also concerned hundreds of pro-
ducts and its characters are complicated. in LCa there are 
assessed for example harmful substances released into the air 
and water, amount of solid waste as well, energy and raw 
material consumption, human environmental effects, who are 
in production. Tools of LCa cover general matters as well as 
localizations independent from evaluation methods.

modelling of process means the using of all available 
methods from LCa, SEm, standards iSo 14000 and 9000 
and technological processes, LCa technologies and likewise. 
Complex model can also simulate production accidents3.

multicriterial	environmental	evaluation	of	Using	che‑
micals	in	individual	Plants

This evaluation is based on quantification of parameters 
for environment quality by means of unbalanced evaluating 
effects of production process.

objectivity of solution has got number of evaluating 
coefficients, their optimal number in interval 20–25. Deri-
ving from following relations it is possible to determine Qj 
– value of environmental chemical load:

- jij
j j

j j

a a
Q k

s
= ×∑ , (1)

where:
Qj – value of environmental load,
aij – value j-element of vector,

āj – average value of j-element,
sj – standard deviation of modified j-descriptor,
kj – reduction constants.

Example for application of multicriterial evaluation for 
using of chemicals in production process is in Fig. 4.

it is possible to determine from application of multicrite-
rial evaluation which operational plant is the most loaded, i.e. 
the plant with the higher Qj- value.

conclusions
methods for monitoring and checking of technological, 

chemical and environmental aspects for production can have 
other applications as well.

There are in various enterprises for development of tech-
nology or optimalization of operation according to customer’s, 
producer’s or environmental engineer’s demands. This period 
is period iT technologies and it could show that environmen-
tal pollution is slowing because operation plats of individual 
productions began to behave more understanding. 

model of life cycle for production process is one of tools 
that helps producers made with optimal technology, deve-
lop products with optimal balanced performance and costs, 
characters which are up to standards for environment, health 
and safety.
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introduction
mechanical engineering has not got so many environ-

mental impacts as chemical industry but its technologies of-
ten use various chemicals to improve its operations. Working 
environment of mechanical engineering is also a subsystem 
of global geosphere environment.

People spend so long term that they identify this wor-
king environment with their microenvironment. People are 
often influenced by several factors in this “small world” of 
them. These factors categorize some working activities from 
point of view the environmental and health risks. The catego-
rization of our working activities involves the known details 
about factors of work and working environment.

at industry plants there is most of workers exposed to 
a combination of multiple factors of working environment 
which influence their health and comfort. The category is 
determined separately for individual factors but there is no 
methodology of working activities assessment for any com-
bination of individual factors1.

By means of modern software simulation there is desi-
gned the methodology with the look-up functions of program 
vensim for a complex assessment of working environment in 
specific conditions of mechanical engineering enterprises.

chemical	Parameters	in	cutting	Process
in cutting processes there are a lot of chemical parame-

ters which improve or make worse human working environ-
ment. These chemicals exist in various form and states. The 
liquids and aerosols create predominant part of the states.

C u t t i n g  F l u i d s
Cutting emulsion is a dispersion system of two insoluble 

liquids. One creates microscopical drops dispersed in the 
other liquid. At machining only emulsion type: oil in water is 
used. milk appearance or transparent appearance depends on 
size of oil drops. For the first case the drops are larger and for 
the second case the drops are smaller than 10 mm3.

mineral oil and water almost do not generate an emul-
sion. That is why the other component is needed – emulator 
which covers oil drops with absorption coat protecting their 
repeated mergence. Soaps, organic amino compounds, sul-
phonate compounds and the like are used as emulators.

mineral oils conditioned with emulators are called 
emulsive	oils. They also contain anticorrosive, antibacterial 
and high-pressure additives. The content of mineral oils in 
emulsive oils is 50–75 %.

The second component of basic emulsion compounds 
is water which has got very good cooling effect. However, 
raw water has got a lot of defaults for a preparation of indu-
strial emulsions, i.e. presence of limestone and magnesium 
which are liquated and they create hard-removable sediments 
on metal surfaces. The sediments silt up piping, sieves, tanks 
and also seal the functional parts of machinery2.

As well the corrosive influences and high contents of 
micro-organisms are harmful in water for an emulsion pre-
paration. an anticorrosive protection is performed by the 
anticorrosive additives, i.e. soda, borax, sodium phosphate 
or sodium silicate. These additives soft water and decrease 
its surface tension. They improve wettability, cooling effects 
and create alkaline environment. alkaline environment is 
suitable from point of view an anticorrosive protection of fer-
rous metals. There are pH under 9.0 because safety and health 
reasons. if pH is higher then there is a damage of protective 
coats and rubber parts of machines.

The main default is an inclination to micro-organism 
contamination what makes short cutting fluid durability by 
decisive way. if there is an emulsion value of pH 9.5 and hi-
gher then micro-organism development is decelerated. How-
ever, in this condition the emulsion is health unsuitable, irri-
tate skin and airways.

a d d i t i v e  B i o S T a T ®  f o r  C u t t i n g 
F l u i d s

BioSTaT® is a common name for new generation set 
of antibacterial and fungicidal preparations which have been 
developed for 8 years in the framework of environment fri-
endly production.

Preparation set BioSTaT® is inorganic origin and its 
influence is based on three activity principles:

the strong electrochemical influence of Ag ion operating 
directly with energy reaction in an electron-transporta-
tion string of cellular proteins
the irreversible denaturation of sulfhydryl groups of 
micro-organism proteins by means of the ion exchange 
H by ag
the strong oxidation possibility of product of BioSTaT®, 
which causes the catalytic oxidation H2o molecule and 
air oxygen generating hydrogen peroxide. Hydrogen 
peroxide is fissioned consequently into H2o molecule 
and oxygen radical3.

Determination	of	Parameters	for	model
Simulation software vensim is a graphical model tool. 

By means of it, we can draft, document, simulate, analyse 
and optimize various simulation models of industrial techno-
logies. one of the technologies is also machining with using 
of chemicals, which belongs to the difficult tasks solved in 
environmental engineering protection.

The keystone of s model imulation is determination and 
application of following variables in the sketch with nodes 
and connecting curves:

•

•

•
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level parameters – amounts of cutting fluids
rates – operations or technological processes
constant variable – chemical factors
auxiliary variables – derived parameters for chemical 
and environmental impacts.

m o d e l  f o r  C u t t i n g  F l u i d  C h e m i c a l s
in Fig. 1. there is the sketch of applied parameters for 

using of cutting liquids in machining and in Fig. 2. there is 
the simulation of these parameters.

S i m u l a t i o n  f o r  C u t t i n g  F l u i d 
C h e m i c a l s

There is a chemical world of systems driven by cause 
and affect. Those systems include production, protection, 
biological, chemical, thermodynamic or workflow. 

•
•
•
•

Environmental or chemical systems can be modelled 
as nodes representing system variables and connecting lines 
representing causal effects. The changing value of one varia-
ble can cause another to increase or decrease. Understanding 
how a system really works is the first step towards using, 
improving or automating4.

r e s u l t s
We can change chemical status of the overall machining 

process with the movement of slider. Every constant has got 
its own slider. The change of constant value influences the 
value of auxiliary variables and then they influence value of 
level parameters. 

This similar model can help the technicians or workers 
to properly dose various additives, to fill up fresh cutting 
fluids, to increase total productivity and to save expenses.

conclusions
By the assessment of individual quantitative indicators 

of cutting fluid chemical status we can draw these conclusi-
ons:

used cutting fluids began to spoil the most often by long 
term of cleaning of individual machines and cutting fluid 
reservoirs
the insertion of additive BioSTaT® into cutting fluids to 
lengthen their durability and cleaning intervals.
the declination of ag is caused its sedimentation of 
undissolved additive in the cutting fluid reservoirs and 
its removal by means of workflows or waste-flows of 
cutting fluids
the cutting fluids flows need for their cycle the segment 
of sedimentation reservoir and filters to improve wor-
king environment
additive BioSTaT® does not cause allergic reaction of 
respiratory or dermal characters.

This work has been supported by VEGA 1/3231/06: 
(2006–2008) Modelling of Working Environment Factors 
and Their Optimalization in Specified Conditions of Mecha-
nical Engineering Enterprises. 
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Fig. 1.	 Used	parameters	of	cutting	liquids	in	machining

Fig. 2.	 Simulation	parameters	of	cutting	liquids
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introduction
In the recent decade, liquid chromatography–tandem 

mass spectrometry (LC mS/mS) operated in a selected reac-
tion monitoring mode, has become the main tool for the analy-
sis of food and environmental contaminants presenting wide 
range of physico-chemical properties. This approach allowed 
the introduction of multiresidue methods with up hundreds 
target analytes determined in a single run. However, most of 
these methods are focused only on one group of food con-
taminants such as pesticides, veterinary drugs, mycotoxins, 
plant toxins, etc. Considering the fact, that sample prepa-
ration/detection principles are basically similar for most of 
these methods, we attempted to determine pesticide residues 
and mycotoxins - contaminants representing different sour-
ces of origin in single run. The comprehensive LC-mS-mS 
multi-residue method has been developed and validated for 
14 Fusarium toxins, 4 aflatoxins, ochratoxin A, 3 Alternaria 
toxins and 200 pesticides.

experimental
C h e m i c a l s  a n d  r e a g e n t s

Certified pesticide and mycotoxins standards were 
purchased from dr. Ehrenstorfer GmbH (Germany), rie-
del de Haen (Germany) and/or Biopure (austria). indivi-
dual analyte stock solutions (concentrations in the range  
0.3–3mg ml–1) were prepared in either methanol or acetonit-
rile, depending on the solubility of particular analyte. These 
solutions were used for preparation of mixed standard solu-
tion in acetonitrile (10 µg ml) and stored in –18 °C. Deioni-
zed water for preparation of a mobile phase was produced 
by milli–Q apparatus (millipore, Germany). ammonium for-
mate for mass spectrometry was obtained from Fluka (Buchs, 
Germany). acetonitrile (Sigma-aldrich, Germany) and met-
hanol (merck, Germany) were HPLC gradient grade solvents 
for pesticide residue analysis.

S a m p l e  P r e p a r a t i o n
5 g of sample were weighted into 50 ml PTFE centrifu-

gation tube. Then, 20 ml of extraction mixture of acetonitrile/
water/formic acid (75 : 24 : 1, v/v/v) were added and the tube 
was placed onto laboratory shaker for 90 min. after this time, 
the tube was centrifuged (Hettich, Germany) at 11,000 rpm 
for 5 min and aliquot of extract was diluted by a water in 
a ratio 2 : 1 and filtered through a 0.45 µm PTFE filter Iso-
discTm (Supelco, USa), and transferred into a vial.

H P L C - m S - m S  a n a l y s i s
The HPLC analyses of selected pesticides and mycotoxins 

were performed using an alliance LC system (Waters, 
USA) equipped with an Atlantis T3 column (100 × 2.1 mm 
I.D., 3 µm particle size, Waters, USA) maintained at 30 °C. 
The mobile phase contained 0.005m ammonium formate 
in deionized water (A) and methanol (B), flow rate was  
0.3 ml min–1. The optimized chromatographic method started 
at mobile phase composition of 5 % of B and was hold for 
0.5 min, then rising linearly to 60 % of B and then 100 % 
at 15 min. This composition was held for 8 min to remove 
co-extracted matrix from column, 6min re-equilibration to 
initial mobile phase composition followed. Sample injection 
volume 8µl was used in all experiments.

HPLC system was connected to tandem mass spectrome-
ter Quattro Premier XE (Waters, USa) operated in positive 
electrospray ionization mode. The capillary voltage was set 
to 3,500 v, source temperature was maintained at 120 °C and 
desolvation temperature was 380 °C. The masses of parent 
and daughter ion, cone voltage and collision energy were 
tuned previously for each analyte and two mS/mS transitions 
were acquired for each of them.

results
o p t i m i z a t i o n  o f  S a m p l e 
P r e p a r a t i o n

QuEChErS extraction method published and extensi-
vely tested in a recent years1–3 has become the widely used 
method for isolation pesticide residues from various mat-
rices. QuEChErS method employs acetonitrile (meCn) 
extraction followed by partition induced by added salts. if 
necessary dispersive SPE clean-up is performed. The parti-
tion step discriminate a lot of bulk matrix compounds such 
as sugars and/or acids, which would interfere with determi-
native step, however also recovery of polar target analytes is 
reduced. For this reason, the QuEChErS has not become an 
extraction method of choice for mycotoxins, especially for 
relatively polar B trichothecenes.

it should be noted, that existing multi-mycotoxins 
methods are based on the extraction by meCn i.e. use similar 
solvent as QuEChErS. although the sources of food conta-
mination by pesticides and mycotoxins are fairly different in 
their nature, from analytical point of view there are a large 
number of representatives of these two groups, possessing 
similar physico-chemical properties. on this account, it is a 
conscionable concept to put together analysis of mycotoxins 
and pesticide residues in one multi-toxin method. 

The bottleneck of such method might be the sample 
preparation step, since it is necessary to achieve acceptable 
recovery for all analytes and at the same time discriminate 
extraction of matrix components, which could cause suppres-
sion of ionization as far as electrospray (ES) is employed 
in LC-mS method. in principle, achieving simultaneously 
these two requirements is impossible, and, therefore the only 
feasible approach is to examine extract directly without any 
purification4–5.
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Several extraction solvents including meCn, methanol 
(meoH) and their mixtures with water were tested to achieve 
good recovery for a wide range of analyte polarities. meoH 
and its mixtures with water offered good extraction efficiency 
for polar and semi-polar compounds, however high amount 
of matrix was also co extracted. Only aqueous MeCn was 
used, because of poor extraction of polar analytes by pure 
solvent. it is a common practice in many multi-mycotoxin 
methods to employ azeotropic mixture of 84 % meCn and 
16 % water. This approach was developed for easy purifi-
cation by Mycosep and subsequently solvent evaporation, 
nevertheless omitting purification step enabled improvement 
of extraction efficiency of polar compounds (such as DOn-
3-glucoside, acephate, propamocarb) by increasing of water 
content in extraction mixture up to 25 % (v/v). at the same 
time, acceptable recoveries were still obtained for relatively 
non-polar analytes represented e.g. by zearalenon and pyre-
throid insecticides.

it should be noted that the addition of water prior to 
extraction into low moisture samples as cereals is also recom-
mended by a document n° SanCo/2007/3131. To improve 
recovery of fumonisin mycotoxins and protect unstable base-
sensitive pesticides against the hydrolysis, addition of 1 % of 
formic acid into extract mixture was necessary.

The final extract was diluted by water to decrease con-
tent of MeCn and consequently to reduce matrix effects. 
different ratios of meCn and water in a vial were tested, 
nevertheless the content of water higher than 50% caused 
precipitation of matrix components and consequently decrea-
sing of recovery of non-polar analytes.

o p t i m i z a t i o n  o f  L C - m S - m S
As mentioned above, no purification step was employed, 

so chromatographic separation plays an important role to 
separate analytes and matrix to decrease matrix effects. 
although slow gradient was used, very strong signal suppres-
sion (over 80 % lower signal of matrix matched standard as 
compared to solvent standard) still occurred for some of later 
eluting compounds.

many LC-mS pesticide multi-residues method use only 
ESi+ ionization, because almost of analytes ionize only in 
positive mode or better sensitivity/selectivity is achieved 
under these conditions. although B-trichothecenes offer bet-
ter sensitivity in a negative mode by formation adducts with 
acetic or formic anion (depends on composition of mobile 
phase), ionization in positive mode is also possible. The main 
advantage of positive mode is a compatibility with more than 
95 % pesticides and other mycotoxins (aflatoxins, fumo-
nisins) which do not give any ions in ESi–.

m e t h o d  v a l i d a t i o n
The distribution of recoveries of all analytes in wheat is 

showen in Fig. 1. The recovery and repeatability of particular 
analyte was obtained from analysis of spiked wheat material 
at 100 μg kg–1. The extraction method offers a good recovery 
for both, acids and bases and covered a wide range of pola-

rities. The trueness of method was demonstrated by analysis 
of reference materials for mycotoxins (ochratoxin a, deoxy-
nivalenol, nivalenol, T-2 and HT-2 toxins) and proficiency 
testing materials obtained from FaPaS 0950 and EUPT-C1/
SRM2. For all reference materials and positive findings in 
proficiency tests were achieved satisfactory score |z| < 2.

conclusions
The multi-toxin LC-mS-mS method for simultaneous 

analysis of 200 pesticide residues and 22 mycotoxins in 
cereals has been developed and fully validated. acceptable 
recoveries and repeatabilities have been achieved for most 
of analytes. The trueness of generated data was also docu-
mented. The authors are convinced that this high throughput 
approach will find a wide use in many control laboratories in 
close future.

This study was carried out with support from the Minis-
try of Education, Youth and Sports, Czech Republic from the 
project MSM 6046137305 and partly from the project NAZV 
1B53043 supported by the Ministry of Agriculture, Czech 
Republic.
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Fig. 1.	 Distribution	 of	 recoveries	 of	 all	 222	 pesticide	 residues	
and mycotoxins at concentration level 100 μg kg–1 in wheat
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introduction
methyl tert-butyl ether (mTBE) has been used since the 

1970s as a gasoline additive and octane booster to replace 
lead and other toxic additives and to improve combustion 
efficiency of gasoline. Because of useful properties, MTBE 
has become one of the organic compounds with the highest 
production in the world1. in 1999, about 3.3 million tons had 
produced in the European Union2. in the United States, in 
1998, mTBE was the fourth-most-produced chemical3. How-
ever, its extremely water solubility, mobility and volatiliza-
tion have resulted in its contamination of surface soils, groun-
dwater and sediments mainly from leaky tanks and spills4. a 
report by the U.S. geological Survey identified MTBE as the 
second most common contaminant of urban aquifers in the 
USa5. The U.S. Environmental Protection agency6 has listed 
mTBE as a possible human carcinogen and recommended 
concentration in drinking water below 40 μg dm–3.They also 
proposed the methods for removal of mTBE from environ-
ments.

Bioremediation is methods, which use natural biolo-
gical activity of microorganisms and plants to transform or 
destroy different toxic contaminants7. Previous bioremedi-
ation studies reported little or no biodegradation of mTBE 
under aerobic8,9 and anaerobic10,11 condition. However, 
authors4,9,12,13 reported that pure and mixed bacterial cultures 
have been capable for mTBE biodegradation. There are only 
a few reports of fungal strains capable of biodegradation of 
mTBE14,15,16 so far.

The aim of this paper was to investigate the capacity of 
fungal strain Paecilomyces variotii, isolate 129b, for mTBE 
biodegradation at different mTBE concentration in labora-
tory conditions.

material	and	methods
i s o l a t i o n  a n d  i d e n t i f i c a t i o n  o f 
F u n g u s  P a e c i l o m y c e s  V a r i o t i i

The fungal strain of Paecilomyces variotii, isolate 
129b, was isolated from the wastewater of aPi separator in 
Oil Refinery Pancevo, Serbia. The cultures maintained onto 
rose bengal streptomycin agar (rBSa) plates17 at 26 °C. The 
identification based on fungal morphological characteristics  
 

growing in malt agar and Czapek yeast agar (Cya), using the 
key for identification18.

d e g r a d a t i o n  E x p e r i m e n t 
Liquid suspension cultures grown axenically in 250ml 

glass bottles. The growth medium (80 ml) was mineral salts 
medium14. The medium sterilized at 121 °C for 15 min and 
inoculated with 10 % (v/v) of suspension of Paecilomyces 
variotii conidia (13.8 × 105). after addition of different mTBE 
concentrations, the liquid suspension cultures incubated for 
19 days at 26 °C and shaken at 120 rpm. all the experiments 
were conducted in triplicate.

 
T h e  y i e l d  o f  P a e c i l o m y c e s 
V a r i o t i i  m y c e l i a

The yields of mycelia measured after 19 days by means 
of dry weight. Liquid suspension cultures were vacuum filte-
red onto filter papers. Mycelia and filters were dried at 65 °C 
for 24 h and reweighed. The control variant was without 
MTBE as an sоle energy and carbon source. The experiments 
were conducted in triplicate.

a n a l y t i c a l  m e t h o d s
The mTBE used in these experiments originates from 

industrial facilities of Oil Refinery Pancevo. Consumption of 
mTBE was monitored by a agilent Technologies 6890n gas 
chromatograph (gC) fitted with a flame ionization detector. A 
30 m × 0.53 mm ID, 3.0 μm DB-624 column was used (J&W 
Scientific, Folsom, CA, USA). The temperature program was 
50 °C for 2 minutes, ramp 8 °C min–1 to 100 °C, hold 3 minu-
tes. The injector temperature was 170 °C and detector (Fid) 
temperature 300 °C. The flow hydrogen was 40 ml min–1, 
flow air 450 ml min–1 and make up gas n2 25 ml min–1.

The headspace (agilent 7694E Head Sampler) was: 
vial equilibration time 30 min; bath temp. 80 °C; valve/temp 
loop 85 °C; transfer line temp. 120 °C; loop size 1 ml; pres-
sure time 0.00 min; loop fille time 0.050 min; loop eq. time 
0.05 min; inject time 1.0 min. internal standard was acetoni-
trile (retention time 2.951 min). The mTBE retention time 
was 3.310 min. In experiment, headspace samples (100 μl) 
were taken with gas-tight syringes.

The consumption of mTBE was measured in the begin-
ning of the experiment and after 5; 12; 15 and 19 days.

results	
The soils of Oil Refinery Pancevo are heavy polluted 

with different organic substances and it can be expected to 
find out big diversity of fungus and bacteria whose use pol-
lutants there as sole source of carbon and energy. during dif-
ferent experiments, about 40 bacteria and 14 different fungi 
strains were identified and isolated. One of the fungi founded 
there, after testing, showed high ability to consume mTBE. 
That fungus is isolated and identified as Paecilomyces vari-
otii, isolate 129b, and used in experiments. ours results 
showed that degradation rate was depending on initial mTBE 
concentration (10.85; 34.34 and 83.15 ppm used) and time 
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of sampling. after 19 days of incubation, the degradation of 
initial middle (34.34) and high (83.15) mTBE concentration 
stopped, while the degradation of lowest mTBE concentra-
tion (10.85) continued after incubation period (Table i).

moreover, even different pattern of degradation the fun-
gal strain of Paecilomyces variotii, isolate 129b, decreased 
mTBE concentration in all treatments used (Table ii). The 
highest degradation rate (2.23 ppm per day) was in the tre-
atment with the highest concentration used, (from 83.15 to 
40.70). in the middle treatment, the degradation rate decre-
ased to 0.744 ppm per day and in lowest concentration the 
degradation rate further decrees to 0.490 ppm per day. How-
ever, the total mTBE degraded by fungi is to be in highest 
concentration used (42.7 ppm for 19 days). From the Table iii 
it can be seen that there is no substantial change in the fungus 
yields (mg/ml) compared treatments and control.

The highest yield of Paecilomyces variotii mycelia was 
noticed at lowest initial mTBE concentration. The addition of 
mTBE slightly affects mycelia yield and is similar to control. 
The results of mycelia yield is in correlation with degradation 
results, because the highest mycelia yield is noticed in variant 
with lowest concentration used, but even that the difference 
among treatments are not statistically significant.

The results of experiments showed that the fungal strain 
Paecilomyces variotii isolate 129b, is capable of mTBE utili-
zation as sole source of carbon and energy to support growth. 
The highest mTBE degradation rate was at the lowest initial 
mTBE concentration. The addition of mTBE had a negative 
effect on degradation rate but total mTBE degraded was  
higher.

Discussion
Fungi are highly successful in survival because of their 

great physiological versatility. Their ability to produce extra-
cellular enzymes is of great survival value. Fungi are invol-
ved in the biodegradation processes of undesirable materials 
(waste, pesticides, detergents, oil spills etc.) into harmless 
products19. The utilization of filamentous fungi for bioreme-
diation processes has been limited compared with bacteria. 
Because of enzyme production in different environmen-
tal conditions, the fungi perform the degradation of broad 
spectrum of pollutants20. one of enzyme that is responsible 
for mTBE degradation is alcohol dehydrogenase14, who af-
fects the TBF formation during the mTBE oxidation. Because 
of its gelatinolytic and cellulolytic activity, the fungus Paeci-
lomyces variotii is capable of biodegradation of some aroma-
tic volatile organic compounds (voC) like toluene21, form-
aldehyde22 and alkylbenzenes23. in addition, recent reports 
showed that Paecilomyces variotii could be use in cadmium 
biosorption24 and for bioremediation of aflatoxine25. Previ-
ous mycoremediation studies indicated that different fungal 
cultures have capability of mTBE biodegradation15,16.

The results of investigation shown that Paecilomyces 
variotii mycelia can grow in the presence of different mTBE 
concentration. mTBE degradation rate is lowest in the latest 
phase of incubation period. This conclusion is in accordance 
with previous mTBE studies14, where the mTBE degrada-
tion rate progressively declined during the mycelia incuba-
tion with mTBE alone. our experiments showed that the 
degradation rate was lower than in previous studies14, but the 
initial mTBE concentration was lower than in our investiga-
tion. The slower degradation rate was also possibly due to 
presence of methanol, which was solvent for mTBE. other 
authors15 also reported similar conclusion.

 The low degradation rate and yield of mycelia indica-
tes that mTBE may be a poor substrate and energy source 
and/or that an intermediate during degradation may inhibit 
the microbial growth12. during the mTBE degradation, inter-
mediates concentrations increased, while concentration of 
mTBE was decreased26. This conclusion confirms the MTBE 
degradation by microbial pure cultures. The results showed 
that ether bonds could be cleavage by certain microorga-
nisms, although some investigations showed that this bond 
is not biodegradable or resistant to biodegradation27. accor-
ding to this conclusion is a result of yield of Paecilomyces 
variotii mycelia, which was comparatively low. The low 
yield of microbial cultures in the presence of mTBE was also 
reported in earlier studies28, probably because this compound 
is metabolic and electron transport inhibitor9.

Table i
The decreasing of mTBE concentration (ppm) caused by fun-
gal strain Paecilomyces variotii isolate 129b

 mTBE [ppm] 5th day 12th day 15th day 19th day
 10.85 6.6 6.08 2.45 1.55
 34.34 33.5 23.34 19.19 20.2
 83.15 74.3 46.92 38.25 40.7

Table ii
The mTBE degradation rate [%] caused by fungal strain 
Paecilomyces variotii isolate 129b

 mTBE 5th day 12th day  15th day 19th day 
 [ppm] [%] [%] [%] [%]
 10.85 39.2 44.0 77.4 85.7
 34.34 2.4 32.0 44.1 41.2
 83.15 10.6 43.6 54.0 51.1

Table iii
Paecilomyces variotii mycelia biomass after 19 days of 
mTBE treatments

 mTBE initial  average concentration repeats [mg ml–1] [mg ml–1] [ppm] i ii iii
 10.85 0.010 0.026 0.037 0.024
 34.34 0.019 0.022 0.012 0.018
 83.15 0.018 0.025 0.014 0.019
 control 0.013 0.022 0.016 0.017
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This investigation confirms that the fungus Paecilo-
myces variotii isolate 129b can utilize the mTBE as a sole 
source of energy and carbon and could be use in degradation 
of recalcitrant contaminants such as the fuel oxygenates.

conclusions
Based on these results following conclusions are  

obtained:
The degradation capability of Paecilomyces variotii iso-
late 129b depend on initial mTBE concentration and on 
time of sampling. 
during the experiment, the highest degradation rate was 
conducted at lowest initial mTBE concentration. after 
incubation period, the degradation of initial middle and 
high mTBE concentration stopped, while the degrada-
tion of lowest mTBE concentration continued.
The highest yield of Paecilomyces variotii mycelia was 
notices at lowest initial mTBE concentration, but even 
that the difference among treatments are not statistically 
significant.
The fungus Paecilomyces variotii isolate 129b can uti-
lize the mTBE as a sole energy and carbon source and 
could be use in degradation of recalcitrant contaminants 
such as the fuel oxygenates. 
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introduction
in several gold ores, gold is trapped in the matrix in of 

metallic sulphides (FeS2, Sb2S3 etc.). in such cases recovery 
of gold from refractory ores requires a pre-treatment to libe-
rate the gold particles from the host mineral. For the pre-trea-
tment of gold ores exist several hydro- and biohydrometallur-
gical processes1. The fundamental of biohydrometallurgical 
processing for sulphide minerals is the application of micro-
organisms, which on the basis of their metabolic processes 
can increase or decrease mobility of metals2,3,4.

 in the area of biohydrometallurgical processing of gold-
bearing antimony sulphide minerals and concentrates the 
iron- and sulphur-oxidising bacteria have the very important 
function as well as on the ground the new knowledge also 
the sulphate-reducing bacteria5,6,7. Using involved bacteria 
to catalyse the breakdown of sulphides that host the gold 
is an important biological method for the pre-treatment of 
refractory gold ores. Following this biological treatment 
a combination of chemical and physical methods are used for 
leaching (e.g. the cyanide process) and concentration (e.g. 
the electrowinning) of gold. although these methods are well 
accepted by industry, they harbour limitations in the proces-
sing of low-grade refractory ores, and regulatory agency/pub-
lic acceptance of cyanide use. The objectives of this work 
were to evaluate the use of iron- and sulphur-oxidising bac-
teria Acidithiobacillus ferrooxidans (At. ferrooxidans) and 
sulphate-reducing bacteria Desulfovibrio desulfuricans (Dsv. 
desulfuricans) in the biohydrometallurgical processing of 
gold-bearing antimony sulphide minerals. Experiments were 
conducted at laboratory scale on a refractory gold-bearing 
stibnite coming from Santa rosa de Capacirca mine, Bolivia. 
involved bacteria were used separately at different conditions 
for the pre-treatment of the aforementioned sample in order 
to increase the subsequent gold recovery during cyanidation 
processes. The At. ferrooxidans application is based on the 
their ability to oxidize and dissolve pyrite and stibnite, thus 
releasing the entrapped gold particles. The using of the bacte-
ria Dsv. desulfuricans is based on their ability of the bacteri-
ally H2S production for the alkaline leaching of stibnite.

experimental
m i c r o o r g a n i s m s 

in the experiment were used bacteria At. ferrooxidans 
isolated from the acid mine water8 (deposit Smolník, Slova-
kia) and Dsv. desulfuricans isolated from the potable mineral 

water9 (Gajdovka spring, Kosice, Slovakia). The isolation 
was performed by the modified dilution method10.

S a m p l e s  o f  o r e 
The sample of gold-bearing antimony sulfide minerals 

used was obtained from Bolivia6 (Santa rosa de Capacirca 
mine). mineralogical characterisation by X-ray diffraction 
(XRD) showed the presence of quartz (SiO2), stibnite (Sb2S3) 
and pyrite (FeS2). Their chemical composition includes 
21.93 % Si, 4.94 % Sb, 4.28 % Fe and 3.77 % (S). Quantita-
tive chemical analysis was performed by inductively Coupled 
Plasma Spectrometry (iCP).

B i o l e a c h i n g  T e s t  b y  B a c t e r i a
Bacteria At. ferrooxidans and Dsv. desulfuricans were 

used separately. The experimental tests were conducted in a 
fed batch reactor at 30 °C under aerobic and dynamic con-
ditions (with At. ferrooxidans) and anaerobic and static con-
ditions (with Dsv. desulfuricans). The weight of the sample 
of gold-bearing antimony sulfide minerals was of 10 g. The 
total volume of feed solution consisted of 100 ml selective 
nutrient medium1 9K(a) for At.f. with pH 2.5; and dSm-63 
medium10 for Dsv. desulfuricans with pH 7.5. The abiotic 
control was carried out without the bacteria application at 
the same conditions. Dissolved metals in liquid phase during 
the experiments were determined using an atomic absorp-
tion spectrophotometer. after 120 days the solid phases were 
recovered by filtration and were saved for the consequently 
test of cyanidation.

results
The results of the bioleaching i.e. the pre-treatment of 

gold-bearing antimony sulphide minerals are demonstrated 
by Figs. 1.–4.

Fig. 1. presents the dissolution of the Fe by bacteria 
At. ferrooxidans and in the cases from the start until the end 
of experiments the concentration of Fe in liquid phase incre-
ase. From beginning, probably due to interaction between 

Fig. 1.	 Dissolution	of	fe	by	bacteria	acidithiobacillus ferrooxi-
dans from the sample of gold-bearing antimony sulfide minerals. 
c	–	concentration	of	fe,	t	–	time	of	bioleaching,
	–	acidithiobacillus	ferrooxidans,		–	abiotic	control
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the mineral and the cultural medium and after 14 days by 
direct and indirect influence of bacteria At. ferrooxidans. This 
fact demonstrates the comparison of the Fe dissolution curve 
shape of At. ferrooxidans and abiotic control. It confirms the 
bioleaching of pyrite (FeS2).

Fig. 2. shows the trend of the Sb dissolving. initially, 
during 7 days the concentration of Sb increases in the At. fer-
rooxidans presence and abiotic control, probably due to 
interaction between the mineral and the cultural medium. af-
ter 7 days the abiotic control allocated the circa constant Sb 
concentration in liquid phase until the end. After 35 days was 
recorded the depression as follows was observed the decrea-
sing of the Sb concentration until the end of experiments in 
the At. ferrooxidans presence. This fact can be interpreted on 
the bases the creation of the insoluble antimony oxosulphates 
– (Sbo)2So4 according the reaction (1)11:

Sb2S3 + 6o2 + 2H2O → (SbO)2So4 + 2H2So4 (1)

Figure 3 presents the Fe concentration in liquid phase at 
the using bacteria Dsv. desulfuricans that was from beginning 
until the end almost zero. although the little increase was 
observed after 19 days. This situation can be resolve by the 
Fe precipitation with bacterially produced hydrogen sulphide 
under the influence of bacteria Dsv. desulfuricans after 40 
days it’s the intense increase was recorded in the experiments 
without bacteria. Just now concerning this fact we have not 
the adequate understanding. At the end of the experiments the 
Fe concentration at presence SrB and abiotic control were 
again almost zero. 

Figure 4 shows the Sb concentration in the liquid phase 
at the using bacteria Dsv. desulfuricans From the confronta-
tion of the Sb concentration curve shape in the abiotic control 
and in the presence bacteria you can see that the influence of 
bacteria Dsv. desulfuricans was not significant. The contami-
nation of the abiotic control by bacteria Dsv. desulfuricans 
was not evidence. after 20 days was observed the formation 
of the shined cover on the reactor wall in the presence bacte-
ria. its can be explain to the Sb concentration decreasing. 

After ending the solid phases were recovered by fil-
tration from solution. The solid phases were saved for the 
consequently test of cyanidation and liquid phases for the 
electrowinning.

conclusions
Experimental studies confirmed:
the bacteria At. ferrooxidans have the positive influence 
on the dissolving of pyrite (FeS2) and stibnite (Sb2S3) 
to occur in the used sample of gold-bearing antimony 
sulphide minerals,
the increase, subsequent the depression and the decre-
asing of the Sb concentration during the bioleaching 

•

•

Fig. 2.	 Dissolution	of	 the	Sb	by	bacteria	acidithiobacillus fer-
rooxidans from the sample of gold-bearing antimony sulfide 
minerals.	.	c	–	concentration	of	Sb,	t	–	time	of	bioleaching,
	–	acidithiobacillus	ferrooxidans,		–	abiotic	control

Fig. 3. influence of bacteria Desulfovibrio desulfuricans	for	the	
fe	 dissolution	 under	 the	 alkaline	 leaching	 of	 gold‑bearing	 an‑
timony sulfide minerals. c – concentration of fe, t – time of bi‑
oleaching,		–	Desulfovibrio	desulfuricans,		–	abiotic	control

Fig. 4. influence of bacteria Desulfovibrio desulfuricans	for	the	
Sb	dissolution	under	 the	alkaline	 leaching	of	gold‑bearing	an‑
timony sulfide minerals. c – concentration of sb, t – time of bi‑
oleaching,		–	Desulfovibrio	desulfuricans,		–	abiotic	control
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experiments with bacteria At. ferrooxidans can be inter-
pret on the bases the creation of the insoluble antimony 
oxosulphates – (Sbo)2So4, 
the bacteria Dsv. desulfuricans does not show the 
expressive influence for the alkaline leaching antimony-
bearing materials.

This work was supported by the Slovak Research and 
Development Agency under the contract No. APVV-51-
027705, Slovak Grant Agency VEGA No. 2/0075/08 and Slo-
vak – Italian bilateral project.
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introduction
Combustion of fossil fuels containing sulfur releases 

sulfur oxides to the atmosphere. if lime or limestone scrub-
bing desulfurizes combustion gases, calcium sulfates sludges 
are generated and these must be disposed of. many processes 
for their treatment have been developed. Under appropriate 
conditions these sulfate can be converted to sulfide by the 
anaerobic bacterial sulfate reduction, which is the basic meta-
bolic process of sulfate-reducing bacteria (SrB). 

The SrB represent a group of chemoorganotrophic 
and strictly anaerobic bacteria that may be divided into four 
groups based on rRnA sequence analysis1: Gram-negative 
mesophilic SrB, Gram-positive spore forming SrB, thermo-
philic bacterial SrB and thermophilic archaeal SrB. They 
include genera like Desulfovibrio, Desulfomicrobium, Desul-
fobacter, Desulfosarcina, Desulfotomacullum, Thermodesul-
fobacterium, Archaeoglobus, etc.

Considering the inorganic or organic character of energy 
source of SrB there are two types of anaerobic respiration 
of sulfates authotrophic and heterotrophic2. SrB produce 
a considerable amount of gaseous hydrogen sulfide, which 
reacts easily in the aqueous solution with heavy metal, for-
ming metal sulfides that have low solubility. In the bacterial 
anaerobic reduction of sulfates the organic substrate (lactate, 
malate, etc.) or gaseous hydrogen is the electron donor and 
sulfates is the electron acceptor.

The industrial technologies for the desulfurization 
of combustion products produced during the generation 
of electric energy by combustion of fossil fuels use limes-
tone (CaCo3) as an absorption agent. The desulfurization 
of combustion products proceeds in the absorber in several 
stages. This process results in the formation of gypsum sus-
pension (CaSo4

. 2H2O) which is incorporated into the final 
stored product – “stabilizate” – after being treated together 
with other wastes (ash, burnt lime, desulphurization waste  
water, etc.).

The objective of our study was to verify experimentally 
the possibility of using gypsum contained in the above-men-
tioned “stabilizate” as the source of electron acceptors for the 
growth of SrB with the prospect of the recycling of desul-
furization agent – limestone.

experimental
m i c r o o r g a n i s m s 

a culture of SrB (genera Desulfovibrio and Desul-
fotomaculum) was obtained from drinking mineral water 
Gajdovka (locality Kosice-north, Slovak republic). For the 

isolation and cultivation of these bacteria a selective nutrient 
medium (DSM-63 – Postgate′s C medium) was used3.

L i q u i d  P h a s e 
The feed solution (the selective nutrient medium (dSm-

63 – Postgate’s C medium without sulfates) was prepared by 
dissolving analytical grade salts such as: K2HPo4 0.5 g dm–3, 
nH4Cl 1 g dm–3, CaCl2. 6H2o 0.1 g dm–3, mgCl2. 6H2o 
0.3 g dm–3, C3H5o3na 2.0 g dm–3, C2H3o2Sna 0.1 g dm–3 
and C6H8o6 0.1 g dm–3 in distilled water.

S o l i d  P h a s e 
The sample of “stabilizate“ from vojany power plant 

(Slovak republic) was used in the experiments. mineralogi-
cal characterisation by X-ray diffraction (Xrd) showed the 
presence of CaSo4 40.84 %, Sio2 22.70 %, al2o3 10.70 %, 
Fe2o3 4.26 % and Cao 3.00 %.

a n a l y t i c a l  P r o c e d u r e s 
a turbidimetric method was used to measure the con-

centration of soluble sulfate ion concentrations in the 
liquid phase4. Samples were centrifuged for 10 minutes at 
10,000 rpm before performing the analysis. digital pH- 
meter GPrT 144 aGL was used. Qualitative changes of 
“stabilizate” were performed by the qualitative X-ray diffrac-
tion analysis using dron-2 instrument and energy dispersive 
spectrometry (EdS) analysis using instruments, which consi-
sted of a scanning electron microscope BS 300 and an X-ray 
microanalyser EdaX 9100/60. Samples of solid phase were 
dried and coated with gold before the EdS analysis. 

B i o l o g i c a l  U t i l i z a t i o n  o f  G y p s u m 
f r o m  “ S t a b i l i z a t e ” 

Series of anaerobic tests were studied in a fed batch 
reactor in the thermostat at 30 °C. Samples of “stabilizate” 
were kept in static conditions for a period of 40 days at pH 
7.5. The weight of “stabilizate“ was 20 g. The stock cul-
ture of SrB was used as an inoculum (10 %, v/v). The total 
volume of feed solution consisted of 200 ml distilled water 
and 300 ml selective nutrient medium for SrB (dSm-63 
– Postgate’s C medium without sulfates). The abiotic cont-
rol was carried out without the SrB application at the same 
conditions. After 40 days the solid phase was filtered, dried 
and analyzed using the qualitative X-ray analysis and energy 
dispersive spectrometry (EdS) analysis.

results
The formation of black precipitates and the sensorial de-

tection of classical strong H2S smell were observed after 3–4 
days from the beginning of the process. These remarks were 
not detected in the abiotic control until the end of the experi-
ment. Changes of sulphates concentration during the disconti-
nuous cultivation of sulphate-reducing bacteria using gypsum 
contained in the “stabilizate” as the source of electron accep-
tors for the growth of SrB are shown in Fig. 1. The results of 
qualitative X-ray diffraction analysis of original “stabilizate”, 
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bacterially treated “stabilizate” and “stabilizate” of abiotic 
control are shown in Figs. 2.–4. They show the significant 
qualitative changes in the “stabilizate” initiated by SRB. The 
sulfates from the original major component of “stabilizate” 
– CaSo4

. 2H2o (Fig. 2.) – were reduced according by SrB 
forming hydrogen sulfide as proved by the sensorial detection 
of classical strong H2S smell. This is indirectly confirmed by 
Fig.  3, which proves the extinction of CaSo4 and formation 
of CaCo3 according to equation (1): 

  
SRB

2C3H5o3na + CaSo4	→ 2CH3Coona + Co2 +
CaCo3 + H2S + H2o 

(1)

The above-mentioned changes have not been observed 
in abiotic control as documented by the comparison of qua-
litative X-ray analysis of “stabilizate” before applying SrB 
(Fig. 2.) with the qualitative X-ray analysis of “stabilizate” 
in abiotic control (Fig. 4.). The results of energy dispersive 
spectrometry (EdS) analysis and scanning electron micros-
cope of original “stabilizate”, bacterially treated “stabilizate” 
and “stabilizate” of abiotic control are shown in Figs. 5.–7. 
They fall into line with Figs. 2., 3. and 4. and suggest on the 

elimination of CaSo4
. 2H2o form “stabilizate”. The element 

composition of solid phases (Figs. 5., 6. and 7.) accepts with 
this fact.

Fig. 1.	 changes	 of	 sulfates	 concentration	 during	 the	 discon‑
tinuous	cultivation	of	sulfate‑reducing	bacteria.	
c	–	sulfates	concentration,	t	–	time	of	sulfate‑reducing	bacteria	
cultivation,	 – “stabilizate” with srB,  – “stabilizate” with‑
out	Srb	(abiotic	control)

Fig. 2. Qualitative x-ray analysis of “stabilizate” before ap‑
plication	of	sulfate‑reducing	bacteria.	i	–	intenzity,	U	–	2‑theta	
uhol,	1	–	caSo4

.	h2o,	2	–	Sio2

Fig. 3. Qualitative x-ray analysis of solid phase formed by the 
effect	 of	 Srb	 on	 “stabilizate”.	 i	 –	 intenzity,	 U	 –	 2‑theta	 uhol,		
1	–	caco3,	2	–	Sio2

Fig. 4. Qualitative x-ray analysis of solid phase in abiotic con‑

Fig. 5.	 eDS	qualitative	analysis	of	“stabilizate”	before	applica‑
tion	of	sulfate‑reducing	bacteria
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conclusions
The results confirmed the theoretical assumptions on the 

use of gypsum, which forms the substantial component of 
“stabilizate”, as the source of sulphate for sulphate-reducing 
bacteria, which produce hydrogen sulphide in the process of 
bacterial reduction of sulphates. They also showed the possi-
bility of recycling desulphurization agent – limestone.

This work was supported by the Slovak Research and 
Development Agency under the contract No. APVV-51-
027705, Slovak Grant Agency VEGA No. 2/0075/08 and Slo-
vak – Italian bilateral project.

rEFErEnCES
 1. Castro H. F., Williams n. H., ogram a.: FEmS micro-

biol. 31, 1 (2000).
 2. odom J. m., rivers Singleton J. r.: The sulphate-redu-

cing bacteria Contemporary Perspectives, Springer-
verlag, new york 1993.

 3. Karavajko G. i., rossi G., agate a. d., Groudev S. G., 
avakyan Z. a.: Biogeotechnology of metals. Centre of 
projects GKnT, moscow 1988.

 4. aPHa, Standard Methods for the Examination of Water 
and Wastewater, 17th edition, american Public Health 
association, USa, Washington d. C., 1989. 

Fig. 6.	 eDS	qualitative	analysis	of	 solid	phase	 formed	by	 the	
effect	of	Srb	on“stabilizate”

Fig. 7.	 eDS	qualitative	of	solid	phase	in	abiotic	control



Chem. Listy, 102, s265–s1311 (2008) Environmental Chemistry & Technology

s415

P38 BiologiCal-CHeMiCal regeneraTion 
of	DeSUlPhUrization	SorbentS	baSeD	
on	zinc	ferrite

mária KUŠniErová, aLEna LUPTáKová, 
vLadimír ŠEPELáK and mária PRAŠčáKOVá
Institute of Geotechnics SAS, Watsonova 45, 043 53 Kosice, 
Slovak Republic,
kusnier@saske.sk

introduction
The energetic demands of people in present, as well 

as in the future will be supplied mainly by the energy from 
the fossil sources, which is accompanying with the negative 
impact on the environment in the form of emissions of sul-
phate and carbonate compounds. For desulphurization and 
decarbonization of these emissions more commercial tech-
nological methods have been developed, to which belongs 
also the utilization of solid sorbents (filters) based on the zinc 
ferrite. The studies of Grindly1 and Krisham2 helped to clear 
up the high-temperature process of desulphurization of waste 
gases after coal combustion which can be described by the 
chemical equation:

3ZnFe2o4 + 3 H2S + H2 → ZnS + 2FeS + 4H2o (1)

in dependence on the conditions of the combustion pro-
cess there is according to the Lamoreaux3 a possibility of a 
occurring of another reaction of the iron (occurring in the 
solid sorbents) with waste gases of carbon, leading to forma-
tion of carbide. This is governed by the equations:

3FeO + CO → Fe3C + 2o2 (2)

3Fe + CO → Fe3C + ½o2 (3)

The phase composition of sulphurized (amortised) sor-
bents shows the presence of sulphidic and carbidic structu-
res located mainly on the surface of particles of zinc ferrite 
(respectively Zn Fe2o3 – micropellets of zinc ferrite). They 
became inactive and the further utilization is constrained to 
their regeneration. in relation with the most effective methods 
of manifold recycling of sorbents, several methods of their 
regeneration were studied.

The literature shows two methods of regeneration of 
sulphatizing sorbents based on zinc ferrite. The first method 
commercially used, is a oxidising pyrolysis of sulphides2. in 
this process are the sulphidic structures in dependence on the 
temperature of the oxidising rousting transformed step by 
step at the first stage to the sulphates and at the second stage 
which corresponds to the temperature of sulphates decompo-
sition (in the temperature range from 480 to 600 °C) to the 
oxides, according to the equations (4) and (5):

2FeS + 3.5o2 → Fe2o3 + 2So2 (4)

ZnS + 1.5o2 → ZnO + SO2 (5)

The second method of the regeneration of desulphuriza-
tion sorbents which is introduced by Sakao4, is based on the 
principle of pressure leaching of ZnS in water environment at 
the temperature over 550 °C. This method is described by the 
equation, almost identical with the Eq. (5):

ZnS + 1.5o2 → ZnO + SO2 (6)

The commercially available technologies of sulphi-
des processing and treatment (as sources of colour and rare 
metals) have nowadays started with utilization of biological-
chemical processes (bio-leaching); where the physical and 
chemical base of degradation of sulphidic structures is iden-
tical with the methods of regeneration of desulphurization 
sorbents mentioned above.

The principle of all mentioned methods is the process of 
sulphides oxidation with utilization of various methods of ca-
talysis. in the process of thermic regeneration is the oxidising 
reaction catalysed by the thermic energy, at pressure leaching 
by the pressure and temperature.

The aim of this paper is to testify the biological-chemical 
method as a new method of sorbents regeneration, utilising 
the catalytic effect of the metabolism of an acidophilous bac-
teria – Thiobacillus ferrooxidans, oxidising the sulphate and 
iron8.

experimental
m a t e r i a l

zinc	ferrite
For biological-chemical regeneration, zinc ferrite after 

sulphurization test was used.The powder sample containing 
90 % zinc ferrite and 10 % bentonite binder by weight was 
pelletized to cylindrical pellets, calcined in air from room 
temperature to 970 K, and crushed and sieved to the size 
of a stainless steel cylinder, in which 25 g of pelletized sor-
bent was packed.The simulated coal gas had the following 
composition: 30 % vol. Co, 50 % vol. n2, 19.5 % vol. H2, 
and 0.5 % vol. H2S. Total gas flow-rate diring absoption was 
5,000 cm3 min–1. The desulphurization tests were stopped 
when the H2S concentration of the effluent gas was above 
50 ppm. The details of the sulphurization experiments are 
described also in our previous papers6,7.

bacteria
The bacteria used in experiments was: Thiobacillus 

ferrooxidans, isolated from the mining drainage waters of 
sulphides deposits, which is cultivated for a long time on 
the sphalerite (ZnS) substrates. The leaching solution was 
formed by cultivated medium according to the Silverman 
and Lundgren5, in which the cells of bacteria were scattered. 
The pH value of the solution at the beginning of the reaction 
was 1.6.
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m e t h o d s
The experiments of biological-chemical way of regene-

ration were realized by the form of charge leaching tests at 
the suspension density 5 % at the temperature of 30 °C, under 
continuos stirring for the period of 19 days. The qualitative 
changes of investigated zinc ferrite during the process of bio-
logico-chemical way of regeneration were evaluated by:

rTG diffraction analysis (diffractometer dron 2,0 
Technsabexport, russian, FeKa radiation),
particle size distribution (granulometer Helos and rodos, 
Sympatec GmbH Claustahl Zellerfeld),
BET adsorption method for measuring the adsorption 
surface (micromeritics, Gemini 2360, in nitrogen atmo-
sphere),
chemical analysis of the content of Zn and Fe in the 
leach (atom absorption spectroscopy on the instrument 
Spectra aa-30 ,varian, australia).

results
rTG diffraction analysis of amortised sorbents revealed 

except of the rest ferrite zinc (Franklinite, ZnFe2o4), which 
represents probably the nonreacted cores of micropelets, also 
the presence of the formed sulphidic, sulphate, oxidic and 
carbidic compounds: b-sphalerite (ZnS), wurtzite (ZnS with 
addition of Fe), pyrite (FeS2), melanterite (FeSo4

. 9H2o), 
elemental sulphur (S), magnetite (Fe3o4), hematite (a-Fe2o3) 
and cohenite (Fe3C).

The bio-leaching of this product leads to the biologico-
chemical degradation of amortised layers located on the sur-
face, which is accompanied by the extraction of Zn and Fe 
to the leach. The changes of the concentration of introduced 
elements in the leach in dependence on the time of leaching 
are shown in Table i.

The concentration of Zn in the leach during the observed 
time interval showed the arising trend, while in the Fe con-
centration dependence has been appeared the maximum (af-
ter 15 days the concentration of the leached ferrite decrea-
sed). as the realized experiments represent the spontaneous 
non-regulated process of biologico-chemical oxidation, it is 
possible to assume that the decrease of the Fe concentration 

•

•

•

•

was caused by the precipitation of the secondary oxididic 
compositions of the iron. This assumption has been confirmed 
by the RTg diffraction analysis of the leach. After finishing 
the biological-chemical leaching of amortised sorbent the 
extinction of the most of secondary structures formed by 
sorption of sulphate compositions was observed by the rTG 
method (Fig. 1.).

The regenerated sample contained the franklinite, addi-
tion of magnetite, metal zinc and the rest of wurtzite, which 
during the observed period manifested itself as refractory 
mineral and to its destruction the longer period or the change 
of electrochemical conditions of leaching should be needed9.

referring to the reality, that the effectivity (the sorption 
capacity) of sorbents is directly connected with the sizes 
of their surfaces and inversely with the particles sizes, the 
changes of these parameter were also studied (Fig. 2.). The 
process of biological-chemical regeneration caused intense 
changes in the adsorption surface of sorbents, it has changed 
from the value of 2.8245 m2 g–1 at amortised sample to the 
value of 6.2543 m2 g–1 at the regenerated sample.

The expressive change was also registered at the dis-
tribution of the particles sizes. The value of mean particle 
diameter has decreased from the value of 9 mm at amortised 
sorbent to 2.19 mm at the regenerated sorbents (Table ii).

Table i
The time dependence of changes of Zn and Fe concentration 
in the leach during the biological-chemical regeneration of 
amortised sorbents based on zinc ferrite

 Time leaching Concentration Concentration
 [days] Fe [g dm–3] Zn [g dm–3]
 0 0.37 0.62
 3 0.37 1.21
 5 1.48 1.56
 7 1.50 1.73
 10 1.39 2.68
 14 0.52 2.81
 17 0.55 2.97
 19 0.61 3.19

Fig. 1. Comparison of x-ray phase analysis of zinc ferrite sorb‑
ent,	a	–	primary,	b	–	pasivated,	c	–	biologically	and	chemicaly	
regenerised
legend: W – wurtzite, f – franclinite, s – sphalerite
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conclusions
The presented results confirm the possibility of utiliza-

tion of the biological-chemical method as a new regeneration 
method of desulphurization sorbents based on zinc ferrite. 
The big advantage of this process in comparison with con-
ventional regeneration methods is the lowering of the tem-
perature of leaching from 500°C to 30°C. The period of the 
duration of the regeneration seems to be an disadvantage, its 
lowering requires the additional research aimed at the con-

tinual optimalization of conditions for biologico-chemical 
regeneration.

This work was supported by the Slovak Research and 
Development Agency under the contract No. APVV-51-
027705.
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Fig. 2.	 mophology	of	surface	of	the	zinc	ferrite	sorbent,	a	–	pri‑
mary,	b	–	pasivated,	c	–	biological	and	chemical	regenerised

Table i
Comparison of the selected fysical and chemical charakteris-
tic of the zinc ferrite sorbents before and after biological and 
chemical regeneration

  Specific Surfaces average of Sample surface Sa factor f* particles  [m2 g–1] d50 [μm]
 primary 2.6 1.022 4.77
 sorbent
 pasivated 2.8 1.478 9.10
 sorbent
 regenerised 6.2 1.797 2.19
 sorbent
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introduction
Transport of dangerous substances can be characterized 

by a permanent or relative contact with the population and 
represents in all possible stages a potential hazard. related 
to human health, injury or death people during accidents 
also damage to property and the affected environment, the 
transport of dangerous goods is very serious problem. road 
– accidents in hazardous materials transportation have incre-
ased 95 % in the last 30 years. This negative feature of the 
excessive traffic is evident due to available statistics of the 
accidents in the whole Europe. Besides the noticeable num-
ber of accidents in the cases related to the transport of dan-
gerous substances the economical point of view in increasing 
costs is under general concern.

The most frequented transportation regarding dangerous 
goods is on the roads in the Europe.

results
accident registration has been launched in 2000 in the 

Czech Republic by the traffic police. Data from 2000 to 2002 
are not very precise because of administration faults. data 
registered since 2003 has been more precise.

as an example of main causes of accidents the accident 
frequency in 2003 and 2004 were used – regarding accidents 
conform to the directive adr (European agreement Con-
cerning the international Carriage of dangerous Goods by 
road). There was a new code system regarding causes of 
accidents used. Previous code system included causes and 
their consequences related to the hazard. The new system  

is focused only on the main cause of accident. The aim of the 
system is the minimal and concise list of codes.

all results regarding causes of accidents were worked 
out by cooperation with Police of the Czech republic.

Figs. 1. and 2. show the main causes of adr accidents 
which are evident.

reasons of accidents are mostly the same when con-
sidering small cars or trucks. The main reasons are human 
error; poor attention of drivers and their reactions and no 
acceptance of the speed limit.

The experience of drivers is crucial and each company (trans-
porting dangerous goods according to the adr) should have a 
possibility to check driver’s crime sheet regarding accidents and 
other offences. 

From the figures below the age of drivers causing 
accidents is evident. The statistic results from years 2003 and 
2004 for construction of Figs. 3. and 4. were used.

From the mentioned results is evident, that the age of 
drivers has no effect on the accident frequency (ADR) or 
the cause. in fact many of available studies show relation 
between frequency of accidents (regarding total number of 
car accidents) and age drivers.

Fig. 1. Main cause of accident, 2003

Fig. 2. main	cause	of	accident,	2004
1 – overtaking, 2 – side-on crash, 3 – speeding (not keep a safe dis‑
tance),	4	–	driver	did	not	adapt	speed	(to	condition	and	character	
of	a	road,	cargo	character,	skills	of	a	driver,	character	of	a	car),	5	
–	poor	attention	of	a	driver	(skid,	crashing	into	a	barrier,	off	the	
road, collision with a car, a stationary car, a driving car, collision 
with a pedestrian, collision with a bicycle), 6 – while reversing, 7 
–	uncontrolled	driving	of	truck	set,	8	–	driving	roadside,	9	–	not	
respecting railway signals, 10 – turning round, 11 – technical 
fault (on the vehicle, on the vehicle set), 12 – turning off, 13 – 
non-acquaintance with or bad judgment of the size of the truck, 	
14 – crash with upstream driving car, 15 – bad fixation of a 
cargo, 16 – falling asleep, micro-sleep, 17 – not respecting traffic 
signs (“right of way”, prohibitive), 18 – not giving right of way, 
19 – bad driving in the traffic lane (side-on crash, inadvertence 
of	the	parallel	driving	car),	20	–	character	of	the	road,	damage	of	
the	road,	21	–	contrary	climatic	conditions,	22	–	impaired	driv‑
ing, 23 – cause is unknown
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conclusions
The Czech republic is one of the countries with the lar-

gest accident frequency and high number of deaths of people 

during accidents. reasons for accidents are mostly the same 
when considering small cars or trucks. The main reason is 
human error – insufficient attention of drivers and their reac-
tions, further more no acceptance of the speed limit.

Substances included in the group of flammable substances 
(according with European adr directive) represent the most 
frequently transported dangerous materials on the roads. A risk 
assessment for dangerous substances is performed using different 
kinds of methods. in order to propose and create methods for the 
safe transport of dangerous goods is at first necessary to perform 
an extensive analysis of the existing situation. methods must be 
also focused, made relevant to different localities and the industry 
to represent different surroundings. more strict penalties could be 
applied. The experience of drivers is crucial and each company 
(transporting substances according to adr) should have to check 
drivers’ crime sheet regarding accidents and other offences and 
also prove their skills.

There is possibility to improve the situation through our pre-
paredness, self-education, and interest regarding the problem. 
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introduction
all things, phenomena, and processes have their own 

causes and consequences. They bring along pros and cons; 
they can be controlled and chaotic, can and cannot be influ-
enced. Social development has been getting more and more 
complicated, undergoing fast changes; being difficult to pre-
dict. if the last century was said to be a century of changes, 
this feature will be more significant and determining for fur-
ther development. There is more and more urgent need to ask 
questions about further development and search for answers 
to them. What is our future going to be like? What factors 
are there going to become determinants for further pheno-
mena and processes management? it is necessary to deal with 
negative consequences of our decision making processes. For 
the purpose of this contribution, concerning the topic of the 
conference, We are going to try to briefly describe some of 
the crucial factors development, which could be considered 
as risks.

Authors think that everybody can be influenced by them, 
as well as influence them him/herself. This concerns especi-
ally those people who manage.

risk	factors
F a c t o r  1  –  P o p u l a t i o n 
a c c u m u l a t i o n  d y n a m i c s

The number of the Earth population grows unevenly, 
especially in materially immature countries. in materially 
mature countries the birth rate is descending, there are a 
growing number of seniors. This will evoke changes in pro-
cesses as well as in number and quality of human population, 
its behaviour and migration.

Population aging will influence its integration into 
economic and other socially significant processes. Social 
and health systems, material and non-material needs, such 
as boarding, dressing, hygiene, travelling, free time, home 
equipment; relationship between people and generations will 
change. Country defence potential will change, too.it is a big 
difference between the needs to negate poverty with a lack of 
capital and material production, and, on the contrary, to offer 
capital and material production to poverty.

F a c t o r  2  –  I n e q u a l i t y  o f  t h e  W o r l d 
W e a l t h

There are a few countries that experience a relative pro-
sperity. on the other hand it is estimated that up to two billi-
ons of people suffer absolute poverty. There are about fifteen 

countries on the planet which record growth, but more than a 
hundred countries record descent or stagnation. according to 
some records there are 85 % shopping expenses for 20 % of 
the richest people. on the other hand 20 % of the poorest peo-
ple must settle for 1.1 % of the world incomes (as compared 
to 1.4 % in 1991 and 2.3 in 1960).

more than a billion people do not have access to medi-
cal services, basic education or drinkable water, two billions 
do not have electricity and 80 % of the world population do 
not have the slightest possibility to telecommunicate and this 
access new information and communication technologies, 
which can, for example, enable distant studies.

it has also been found out that if the world population 
used the same ways of development and consumption as 
north america, we would need three planets like the Earth 
is.

The gap between the rich and the poor is getting bigger. 
On one side there are great chances to balance the inequali-
ties, and on the other side they are being deepened. The pro-
blems of justice are to be seriously dealt with. The poor can 
not pay for the prosperity of the rich.

The inequalities are deepened not only among countries, 
or the north and the South, but also among people inside the 
countries. For instance, in the USa the rate between the hi-
ghest and the lowest salaries has risen from 35 multiple up to 
150 multiple within the last 20 years. We witness deepening 
of inequalities even here in our republic. Is it right for the 
poor to contribute the rich? How long will it last to the poor 
to start taking from the rich or at least make their wealth less 
pleasant? There are such cases and most probably there will 
be more and more of them.

F a c t o r  3  –  T h e  E n v i r o n m e n t
Pressure caused by human activities having impact 

on nature systems is huge. Generally, it is connected with 
great material movement. Unrenewable resources are being 
fatigued, wasted, species of fauna and flora perish, water 
and air are being polluted, and number of natural as well as 
human-caused disasters is growing.

There have been mostly warning and non-optimistic sta-
tements published in the last few years. They are often con-
tradictory. yet, they have something in common – they make 
us think and act. Acting in the sense of adequate performance 
does not appear very often. it is so for many reasons.

Europe, as well as other continents, is going to face 
droughts and floods. Water level of seas can rise up to one 
meter. There is a threat of devastating winds. World map is 
expected to change.

according to the Living Planet report, published by 
the World Wildlife Fund (WWF), standards of our lives can 
collapse in three decades. it is because we have been with-
drawing from the planet every year up to one fifth more than 
the planet is able to renew. if the development continues this 
way, the biological capacity withdrawal deficit will reach up 
to 220 % in the half of the century.
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The report states that the life expectancy will rapidly 
decline around the year 2030. Level of education and world 
economy will irrefutably collapse. 

Unrenewable resources are being fatigued and wasted, 
species of fauna and flora perish, water and air are being 
polluted, and number of natural as well as human-caused 
disasters is growing. Environment knows no frontiers. in the 
past years at international conferences attention was paid to 
greenhouse gases emissions, yet no success was reached. For 
example – the USa produce 2.5 multiple of carbonic oxide 
emissions per person than Europe. in the USa the emissions 
production growth is eighteen per cent; the world average is 
nine per cent.

a hectare of tropical forests disappears every two 
seconds. The species disappear from hundred to thousand 
times faster then they would when living in a harmonic 
environment.

Water problems are increasingly urgent. What may hap-
pen is that this century will even become a century of a war 
over water, food and raw materials. Water means life. Lack 
of water is more and more apparent. rivers, streams, swamps 
and moor land dry up.

Unrenewable resources are being fatigued, wasted, 
species of fauna and flora perish, water and air are being 
polluted, and number of natural as well as human-caused 
disasters is growing. Environment knows no frontiers. in the 
past years attention was paid to greenhouse gases emissions 
at international conferences, yet no success was reached. For 
example – the USa produce 2.5 multiple of carbonic oxide 
emissions per person than Europe. Water problems are incre-
asingly urgent. maybe this century will even become a war 
over water, food and raw materials.

F a c t o r  4  –  G l o b a l i z a t i o n
Consequently to almost complex globalization the world 

is really or relatively diminishing, with no regard to conti-
nents, countries, districts. mutual dependency of population 
is growing incredibly; consequences of individual’s mistakes 
significantly affect others.

Here an essential question is to be asked: What is the con-
nection between often absurdly defended freedom of indivi-
duals and at the same time the growing mutual dependence of 
people? apart from freedom there is also justice and stability, 
balance and equality. So far we have been witnessing more of 
globalization of power, profit and exploitation. It is necessary 
to globalize responsibility for nature and people in it.

Great attention is being paid to globalization in various 
discussions. it has its positive features as well as big negati-
ves. We must find a way to tame it to avoid a great disaster.

if we manage to run the globalization processes there is 
a chance for a positive development. it is good that move-
ments against wild globalization start to appear.

F a c t o r  5  –  i n t e g r a t i o n  a n d 
d i s i n t e g r a t i o n

various groups come into being and on the contrary, 
states decay, therefore the there is bigger and undesirable 
atomization. People, regions and countries have their own 
interests, often of vital importance, which can be and are in 
contradiction with interests and aims of other countries. it 
is difficult do make compromise solutions. Politics and eco-
nomics deal more often with the consequences than causes. 
almost 20 new countries have arisen within the past 10 years, 
which have different political systems and aims, which are, 
apart from other, based on nationalistic principles.

The role of international organisations changes – Un, 
EU, international monetary fond, World Bank, WTo, naTo 
and others. We can not say that the changes are always posi-
tive, transformation is essential.

F a c t o r  6  –  n C B  W e a p o n s
There are a growing number of countries which have or 

will have nuclear weapons. That increases the world insecu-
rity as well as opportunities to destroy. Here is important to 
note the proliferation of military equipment and technologies 
of ambiguous use, like nBC weapons. Gun trade volume is 
not low. For example, in the last three years, american com-
panies sold weapons for nearly 19 milliard dollars; French 
companies for 4 milliards dollars, and German ones for 1 
milliard dollars. 

Besides official, by governments approved gun tra-
des there is a trade that is being tolerated and concluded by 
governments. There is also illegal gun trade. 

a big threat of today is a black market dealing with 
nuclear material and nuclear equipment. gaining theoreti-
cal knowledge in the way of overpaying the specialists or 
documents is a current problem, too. non-proliferation of all 
kinds of weapons, especially nBC weapons has another side, 
too. it is that they are kept by countries that have already 
had them. The logic is simple – why do some countries have 
them, and why the others do not? Why can you have them 
but we cannot? Once these weapons exist, it is a question of 
time and money for the others to get them. The “others” can 
potentially mean terrorists. Why have these weapons actually 
been developed and why do they exist? if the development 
does not change, the world will take a risk of self-destruction. 
The danger can be bigger than it was during the cold war 
time. during the cold war time, these weapons “helped” keep 
peace, though the peace was unstable and faulted. 

There is a growing number of countries which have 
or will have nuclear weapons. That increases the world 
insecurity as well as a chance to destroy. Here is important 
to note the spread of military equipment and technologies of 
ambiguous use, like nBC weapons.

F a c t o r  7  –  v i o l e n c e  G r o w t h
It is easily provable that there is a quantitative as well 

as qualitative growth of violence. Here it is appropriate to 
remember Erich Fromm who defines violence as an urgent 
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consequence of a non-lived and crippled life. A person who 
is not able to create must destroy. We have been witnessing 
growth of violence. The violence has many forms – human 
(physical and mental), military, economy, financial, political, 
etc. difference between war and peace has been becoming 
less apparent as seen from many contemporary examples. 
The volume of gun-running is not small. For example, in the 
last three years american companies sold weapons for nearly 
19 milliard dollars, French companies for 4 milliard dollars 
and German ones for 1 milliard dollars. People tend to feel 
insecure. Violence has negative influence on mental, physi-
cal, and social health.

F a c t o r  8  –  P e r m a n e n t  d e v e l o p m e n t
Probably never in human history was people’s ability to 

self destroy as high as it is today. Will we control the ability 
or cope with it? is permanent development possible? is there 
and will there be enough sources for needs filling? Values and 
needs vary with individuals, regions, states and continents 
– will the differences be apparent? one of many world prin-
ciples is stability and balance. Let us admit that something 
like this exists in materially developed world. The situation, 
however, can rapidly change into misbalance and dramatic 
value, visions and ideology conflicts.

The world has been changing fast and dramatically. is 
mankind able to accept these changes throughout its physi-
cal and mental essence? Probably everybody must admit that 
mere existence of modern technologies brings along civilisa-
tion risks that were unthinkable several years ago. How can 
the modern technologies be used and controlled for general 
use? do modern technologies serve people or do people serve 
modern technologies?

F a c t o r  9  –  a b i l i t y  t o  m a n a g e
To be able to cope with development and suppress 

negative factors as much as possible, the problems have to 
be recognised and described openly and impartially. it also 
necessary to find consensual solution – to manage. Manage-
ment is, in its essence, optimal use of available sources. The 
main group of sources include: human, financial, material, 
information and time sources.

risk	factors are unpleasant parts of life. They can, how-
ever, work as challenge for searching for solution. individual 
and social scruples make people tend to avoid thinking about 
unpleasant things. This phenomenon can be seen every day. 
However, burying heads into sand and pursuing ostrich-like 
policy will not lead to success. This policy will lead to post-
poning and not solving the problems and, in its consequen-
ces, will be nonreturnably harmful.

it is necessary to independently examine the risk factors 
and, if necessary, to establish an independent institution for 
these purposes. avoiding unpleasant things can cause their 
outbreak. Political institutions have to be included in this 

work in larger extent than they are today. Without wearing 
ideological blinkers must we ask questions like: “Is it true? 
Can it be true?” instead of “who and why said that?”. 

if we characterise contemporary and, especially, future 
environment as turbulent, it will not be an empty or just inte-
resting concept. in various studies there have been charac-
terised dozens of risks that can reach different levels of sig-
nificance and different levels of development. It is probable 
that there may quickly appear new unexpectable, and, from 
today’s point of view, unpredictable risks. Unfortunately, we 
make some decisions using logic of today or even yesterday. 
Environment has been becoming more and more compli-
cated; technologies have been in progress. People and their 
understanding, thinking and behaviour are changing, too.

It is necessary to ask the main question: Is there (do we 
have) any visions, plans, and directions for the new century? 
are there any devices for them? don’t we focus on short-
term, purpose-made, selfish solutions, which will chase us 
into a trap? Don’t we remove consequences instead of causes 
of our decisions?

We are certain that the crucial key matter of future is 
regulation, management, ability and willingness to manage 
even within international standards, as well as balanced unity 
of managing items. it is necessary to solve problems within 
international standards without selfishness, using the princi-
ples of solidarity and balanced values substitutions. it will 
take us a long time to do so.

conclusions
The above stated factors are mutually interconnected; 

they influence each other, change their content and extent. 
There is a possibility of chaotic and unrestrained develop-
ment along with uncontrollable, unpredictable changes resul-
ting from these factors. In their consequences, these changes 
create risks and threats. it is very important for the top mana-
gement representatives to realise the characters of develop-
ment factors. These factors concern each of us, too.
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introduction
Books should be kept in a stable environment. This is 

best effected by preventing temperature changes around the 
collection or ensuring that any changes made will be very 
gradual. in addition, books in fragile condition should be 
placed in close-fitting, nearly airtight enclosures. They pro-
tect materials from dust and airborne pollutants; reduce the 
exchange of moisture between the paper in the books and the 
air. Slow changes in air temperature around a book will not 
cause harm, even sudden upward temperature changes are 
not too damaging. in case the book in a protective enclosure 
is suddenly cooled, water will condense on the enclosure’s 
interior walls when the temperature drops bellow the dew 
point of the air within the enclosure.

The climate maintained in a library is the result of a 
compromise between the needs of the readers and the staff, 
maintenance demands and the structure of the building which 
should result in minimizing the deterioration rate of the colle-
ction. it is believed that that the rate of deterioration of library 
materials doubles with every 10°C increase of temperature. 
This belief is based on the fact that the speed of chemical 
reactions depends in large part of temperature. recommen-
ded temperature ranges for a variety of library materials.

a certain amount of relative humidity is necessary for 
paper to retain its flexibility but scientists disagree about 
the optimum relative humidity desirable because increased 
moisture content increases the rate of deteriorative chemi-
cal reactions and mold will grow. The recommended level 
of relative humidity is a compromise among several require-
ments: 

level of moisture high enough to maintain flexibility,
level low enough to slow deterioration of materials and 
control insects and mold,
level that will do no structural harm to library buildings 
due to condensation in cold weather.

molds cause a downy or furry growth on the surface of 
organic matter; they can develop on leather, cloth, paper, etc., 
especially in the presence of relatively high heat and rela-
tive humidity. Every cubic meter of air contains thousands of 
molds spores that cover surface of library objects. mold and 
mildew eat books and papers. The cellulose, adhesives and 
starches in the sizing provide a source of nutrition that ena-
bles the fungi to excrete digestive enzymes that convert these 
materials into forms they can digest. molds usually attack 
bindings before the text block because it lands on the binding 

•
•

•

first, the cellulose is more difficult to digest and the text block 
is tightly closed.

Salvage	of	flood	Damage	Papers
It should be noted that flood damage to some items may 

be irreversible. The treatment of objects of high monetary, 
historic or sentimental value should only be performed in 
consultation with a conservator.

many people are sensitive to mold and some mold spe-
cies are toxic. The best way to prevent or stop the outbreak 
of mold is to remove items from environmental conditions 
that encourage mold growth: high temperature, high relative 
humidity, stagnant air and darkness. if wet and moldy mate-
rials cannot be dried immediately they may be stabilized by 
freezing. Placing damaged items in a personal or commer-
cial freezer will not kill mold, however, it will put the mold 
in a dormant state until time and the appropriate treatment 
environment are available. active mold look fuzzy or slimy. 
dormant mold is dry and powdery. mold which remains 
active after freezing or after the host material appears dry 
may be treated with exposure of 1–2 hours to ultraviolet radi-
ation from the sun. Extreme caution must be exercised when 
treating material outdoors: too much radiation will accele-
rate deterioration and may cause fading, wind may cause 
physical damage, and high relative humidity or condensation 
caused by rapid temperature changes may also exacerbate 
mold growth. dormant mold spores will reactivate as soon as 
conditions are favorable. They should, therefore be removed 
from items and may be brushed or vacuumed away.

There are both chemical and non-chemical means to kill 
mold. Effective treatment can be fungi-static or fungicidal. 
Fungi-static treatments are those preventing the mold spores 
from germinating but do not kill the mold. Freezing is one of 
methods. Fungicidal treatment kills the mold and its spores. 
no safe large-scale treatment imparts lasting or residual mold 
control. That is why it is important to change the environment 
so it inhibits mold growth. in addition, there is some evidence 
that books and papers treated with fungicides may be more 
susceptible to mold after treatment than they were prior to 
the outbreak.

Fig. 1.	 flood	damaged	book
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Paper is very fragile when it is wet. in some cases it may 
be desirable to remove caked-on mud and dirt as dirt left by 
receding water may be contaminated. Wet documents or pho-
tographs which cannot be air dried within two days should be 
frozen to inhibit mold growth. Circulating air will effectively 
dry most items. Physical distortions may result but informa-
tion will be saved. Blotting materials for air drying should be 
clean and absorbent. Screening material such as window scre-
ens, well supported and stacked with spaces between them 
provide an excellent compact drying surface. The porous sur-
face assists air circulation and promotes drying.

Without intervention glossy materials such as paperback 
book covers, art books, etc. are likely to stick together. Loose 
glossy materials should be spread out in one layer for air 
drying. Bound glossy materials must be interleaved between 
every page to prevent sticking.

as to books, interleaving material should be placed 
between the text block and the front back covers. if time and 
supplies allow interleaving material should be placed inter-
mittently throughout the text as well. Evaporation of water as 
it wicks into the interleaving paper will enhance drying.

Several classes of photographs are highly susceptible to 
water damage and the recovery rate will be very low. old 
photographs and negatives can never be frozen. most prints, 
negatives and slides may successfully be individually air 
dried face up. Contemporary photographic prints and nega-
tives which are still wet and have stuck together may sepa-
rate after soaking in cold water, however, this type of treat-
ment could cause irreversible damage. Highly valued items, 
particularly prints, for which there is no longer a negative, 
should be referred to a conservator immediately.

conclusions
The most critical element affecting the longevity of 

library materials is the environment in which they are used 
and stored. The sitting of the building, its orientation to the 
sun, building’s location in areas safe from flooding and other 
natural disasters, planted areas and trees near perimeter walls, 
the design of roofs, basements, and location of windows con-
sidering stack areas. But it is not only buildings and their 
design that cause problems: libraries house millions of books 
published on acidic paper, high temperatures and humidity 
cause chemical reactions between the cellulose in paper, the 
acids residing in the fibers, and pollutants in the atmosphere, 
all of which accelerate deterioration.

adjusting the environment near the building can help 
considerably in reducing problems inside.
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introduction
From the legal, institutional and structural points of 

view the history of the conception of civil protection in the 
Czech republic was relatively complicated during 90-ties. 
The above development accompanied fundamental social-
political changes in the country after 1989 without being 
completed with adaptation of legislation focused on civil 
protection. Even if the importance of civil protection refle-
cting increasing risks of anthropogenic, natural and mixed 
origin in peace conditions was fully accepted by specialists 
and the responsible state authorities passed individual mea-
sures aimed on gradual change of the state then, the global 
conception of civil protection was approved by the Czech 
government as late as in 2002.

The act no. 239 of June 28, 2000 on integrated rescue 
system introduced the term civil protection into the Czech 
legal code. according to the above act civil protection is 
understood as fulfillment of civil protection tasks, especially 
warning, evacuation, sheltering and emergency survival of 
civilian population and further measures to ensure protection 
of their lives, health and possessions with reference to the 
article no. 61 of Protocol additional to the Geneva Conven-
tions of august 12, 1949 on protection of international armed 
conflicts victims (Protocol I).

Civil protection has become an integral and priority 
domain of emergency planning and management. in con-
nection with its systematical implementation and practical 
realization the necessity of university education for qualified 
emergency managers mastering thoroughly both theoretical 
and practical background of civil protection has been pro-
ved.

history	of	civil	Defense	and	Protection
Purposeful and qualified attention has been paid to the 

practical and theoretical problems of civil protection in the 
Czech republic (former Czechoslovakia) for more than 
seventy years. 

as early as in 1929, after World War i, the Centre for 
Civil defense was established by the Czechoslovak ministry 
of defense as a response to both complicated international 
political situation then and to growing fears of danger from 
air force war activities threatening civilians especially with 
chemical warfare agents. The Centre was run as a voluntary 
organization via local bodies with the semi-official support 
of central authorities and with active participation of organi-
zations whose program was concentrated on defense activi-
ties. one year later the organization Protection of Civilians 
against air raids arose.

a remarkable change of situation was noticed in the 
first half of 30-ties of the previous century. At that time the 
attempt of nazi Germany to realize its political aims aggres-
sively by all the available means expressed by its intensive 
building military and air forces was becoming more and more 
apparent.

The authorities of the Czechoslovak Republic reflected 
the above situation by introduction of a series of individual 
precautions resulting in passing the act no. 82/1935 Coll. 
on protection from and on defense against air raids. The base 
for system of legal regulations for civil protection was set 
both by promulgation of the above law and by establishment 
of Civil air defense (referred to as Cad). amending the 
above law another act no. 75 of april 1938 represented a 
reaction to immediate threat of the Czechoslovak republic 
by fascist Germany. The conception of Cad in the pre-war 
Czechoslovak Republic fulfilled requirements then and under 
given conditions it comprised the first historical phase of sys-
tematic and effective attempt to solve the problems of civil 
protection.

during the occupation of the Czechoslovak republic by 
nazis the CAD was liquidated and its compartments, units 
and material equipment were taken over by the german Air 
defense in 1941. after liberation in 1945 the Cad passed out 
of existence. The first attempts to re-establish it were realized 
after 1948.

 regardless of certain individual measures the work 
on institutionalization of a civil defense (referred to as Cd) 
organization culminated in 1951 by acceptation of Govern-
ment resolution on civil defense fixing gradual organizati-
onal, personal and material building of civil defense in the 
legal code.

Between 1951 and 1970 civil defense was focused 
solely on protection against conventional weapons and on 
priority ensurance of protection against weapons of mass 
destruction effects (referred to as Wmd). in 1955 the 
research institute of Civil defense was established. Transfer 
of civil defense subject to protection against weapons of mass 
destruction expressed crucial qualitative change that resulted 
in acceptance of the new resolution of Government of the 
Czechoslovak republic no. 49/1958 Coll. on civil defense 
of the Czechoslovak republic. For its support the following 
services were founded: medical, energy, gas, transport, fire, 
order, road and bridge, municipal, shelter, water-technical, 
agricultural, camouflage, construction-technical and supply 
ones. operative control of civil defense was ensured by Cd 
staffs whose members were mainly regular soldiers.

Based on the legal resolution of Federal assembly no. 
17/1976 Coll. drawing on doctrinal theory of Warsaw pact 
countries the subordination of Cd was transferred from the 
Federal ministry of interior to the Federal ministry of nati-
onal defense effective January 1, 1976. The State defense 
Council became the supreme body for state defense cont-
rol. Federal ministry of national defense was entrusted to 
become the central body of state administration for organiza-
tion, coordination and control of Cd on the whole area of the 
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Czechoslovak republic. Local authorities at all levels were 
responsible for provision of tasks and needs of Cd. Between 
1976 and 1989 Cd followed directives of the State defense 
Council.

in June 1991 the State defense Council approved the 
Conception of Civil defense in the Czech and Slovak Fede-
rative Republic reflecting trends of CD development abroad 
with the aim to focus on protection of population against 
non-military emergency events. For the first time in the 
Czechoslovak history clear differentiation of functions and 
tasks of Cd in times of peace and during military alerts was 
expressed.

Substantial changes were implemented after division 
of the federal state into two independent ones and after the 
establishment of the Czech republic on January 1, 1993. Ef-
fective that day the operation of the former Federal Cd staff 
was transferred to the Staff of Civil defense of the Czech 
republic. on march 17, 1993 the resolution of the Govern-
ment of the Czech republic no. 126/1993 Coll. on the state 
of civil protection in the Czech republic, its structure and 
material needs ensurance was passed. The government states 
there that the formation of the new civil protection system 
(referred to as CP) will be realized together with the new con-
ception of the army of the Czech republic with full respect to 
the Protocols additional i and ii to the Geneva Conventions. 
on September 1, 1993 the Central Body for Civil Protection 
of the Czech republic was established by the directive of 
then minister of defense. The body became an authority of 
the ministry of defense responsible for execution of state 
administration in CP affairs and at the same time it replaced 
the Staff of Civil Protection of the Czech republic.

in 1997 the Government of the Czech republic con-
firmed the resolution no. 710/1997 Coll. transferring the 
authority to execute state administration on CP from the 
ministry of defense to the ministry of interior and set the ef-
fective date on January 1, 2000 in the resolution no. 53/1999 
Coll. in the new organization structure the Central Body 
for Civil Protection of the Czech republic and regional CP 
bodies were united with the Fire rescue Service of the Czech 
republic (referred to as FrS). This way the activities of CP 
of the Czech republic as an institution was terminated and 
the General directorate of FrS of the ministry of interior 
became central authority entrusted with civil protection.

effective	legislation	focused	on	ensurance	of	civil	
Protection

The government of the Czech republic approved the 
Conception of Civil Protection until 2006 with the Prospect 
to 2015 (referred to as conception 2006) in its resolution no. 
417/2002. The conception solves protection of civilians sys-
tematically. The government obliged ministers and heads of 
other authorities, governors and city mayors of Prague, Brno, 
Ostrava and Plzeň to implement fully the measures compri-
sed in the above conception 2006 that emphasizes responsi-
bility of ministries, central state authorities, local authorities, 
persons and physical persons for CP specified by laws. The 

conception was revised by the resolution of the Czech gover-
nment no. 21/2005 Coll.

in the above conception 2006 civil protection was 
characterized as a system of activities and procedures, sub-
ject related authorities, other subjects and individual citizens 
resulting in minimization of impacts of emergencies on lives 
and health of inhabitants, on possessions and environment.

at the beginning of 2008 (on February 25) the Gover-
nment of the Czech republic passed the resolution no. 165 
“on Evaluation of the State of implementation of the Con-
ception of Civil Protection until 2006 with the Prospect to 
2015 and on the Conception of Civil Protection until 2013 
with the Prospect to 2020” giving more details on CP in the 
Czech republic. This resolution contains 25 pages of speci-
alized text from the field of CP and the Schedule of Imple-
mentation of Provisions on CP until 2013 with the Prospect to 
2020 (referred to as conception 2013 and schedule). inspite 
of the attempt to design the conception 2013 and schedule 
from the contemporary point of view it is necessary to point 
at inconsistent solutions of some problems concerned.

Civil protection represents an extremely important aspect 
of life of modern society. The supreme legislative regulation 
of the Czech republic, the Constitution, ensures protection of 
lives, health, possessions of Czech citizens and protection of 
environment. Similarly to other developed European count-
ries the security-political situation in the Czech republic has 
been re-evaluated during the last decade of the 20th century. 
as the result of substantial political changes at the beginning 
of 90-ties military threat in Europe and global war conflict 
became less probable. attention was focused on non-military 
risks important from the point of view of individual countries 
and security of their citizens. 

regarding the importance of civil protection its pro-
blems should be specified and expressed in a special law. 
Possible content and extent of the suggested law on civil pro-
tection follows:

introductory provisions
Definitions and basic terms
General provisions
Emergency events and crisis states
Basic organization and technical measures for civil pro-
tection
Protection of citizens against impacts and effects of 
emergency events and crisis states
Preparedness of citizens for emergency events and crisis 
states
Execution of state administration in the field of civil pro-
tection
Effectiveness of the act

Besides the above mentioned legislative regulation a 
project “Who is Who in Civil Protection” should be imple-
mented. authors and proposers will appreciate inspiring and 
constructive ideas and comments concerning the project. 

•
•
•
•
•

•

•

•

•



Chem. Listy, 102, s265–s1311 (2008) Environmental Chemistry & Technology

s427

Project: Who is Who in Civil Protection in the Czech 
republic

aim of the project:
to compile a database of specialists in the fields related 
to civil protection in the Czech republic
to support preparedness and capacity of action of profes-
sional and voluntary bodies related to civil protection
to list bodies or people in the database based on volun-
tary principle (protection of personal data of listed parti-
cipants of the project)

Project outcomes:
Proceedings (printed publication)
implementation and update of a website

Participating organizations – initial suggestion:
Universities: e.g. Technical University of ostrava 
– Faculty of Safety Engineering; University of defense 
Brno – Institute of nBC Defense Vyškov; Police Aca-
demy of the Czech republic, Prague, department of 
Crisis management; Brno University of Technology, 
Faculty of Chemistry; Tomas Bata University Zlín; Uni-
versity of South Bohemia, české Budějovice; Palacky 
University olomouc; University of Pardubice; Univer-
sity of Economics, Prague etc.
research institutes and specialized institutions: e.g. 
Population Protection Institute Lázně Bohdaneč; Mili-
tary Technical institute of Protection Brno; national 
institute for nuclear, Chemical and Biological Protection 
Kamenná; State Office for nuclear Safety, Prague etc.
Companies and firms manufacturing and marketing 
materials for civil protection (e.g. syndicate of compa-
nies Czech nBC team etc.)
ministries: ministry of interior – General directorate of 
Fire rescue Service and Police of the Czech republic; 
ministry of Health – department of Crisis Prepared-
ness, Emergency medical Service, air rescue Service, 
selected hospitals; ministry of defense; ministry of 
industry and Trade; ministry of Transport; ministry of 
Education, youth and Sport; ministry of Environment; 
voluntary bodies, e.g. Czech red Cross, mountain res-
cue Service of the Czech republic etc. 

Proposed personal data of specialists to be listed in the 
“Who is Who in Civil Protection in the Czech republic” 
database:

•

•

•

•
•

•

•

•

•

First name and surname, academical degrees
Employment history/accomplishments
major contemporary professional orientation
Major supervised projects and publications in the field 
of CP in recent 5 (10) years
Contact information for communication: address, tele-
phone and fax numbers, e-mail address etc.

implementation of the above process makes sense when 
its outcomes are accessible e.g. on a special website available 
for selected specialists assigned with passwords and when the 
database is regularly updated.

conclusions
Contradictory and contrary character of civilization 

activities accompanied with permanent proliferation of secu-
rity risks results in increasing danger for citizens caused by 
growing number and types of emergency events. The deve-
lopment of corresponding security system lags behind the 
above described process, which makes the problems of civil 
protection permanently unresolved.

Civil protection as a system of specialized measures 
remains an integral part of crisis management and represents 
its priority in non-military emergency events. Concerning the 
systematic approach to solve individual types and kinds of 
emergency events civil protection is understood as a separa-
tely controlled and coordinated domain. 

With regard to growing importance of civil protection 
nowadays and in future preparation of and negotiation on 
special legislative regulations (see the proposed law on civil 
protection above) based on a “set of acts on crisis states” 
passed in the half of 2000 year and effective January 1, 2001 
can be highly recommended. The field of civil protection 
deserves proper background in thorough legislation.
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introduction
at present time problems of toxic metal contamination 

of soils are often solved. The form of metals present in the 
environment is an important factor affecting their bioavaila-
bility. metals are often bound to various organic complexing 
ligands as humic substances, which influences their mobi-
lity. Therefore, studies of metal speciation are necessary for 
understanding how metals can move in nature systems. 

Leaching procedures are especially used for determina-
tion of toxic metals concentration in soils. Simple leaching 
procedures using aqua regia, ethylenediaminetetraacetic acid 
(EdTa), nitric acid or sodium nitrate are usually recom-
mended and applied. However, leaching procedures give no 
information about the metal fraction which is really available 
for the root system of plants. Therefore, new approaches are 
still being searched to obtain a better characterization of bioa-
vailable forms of metals and their transport in soils.

recently an in situ technique capable of quantitatively 
measuring labile metal species has been developed1. This 
technique, known as diffusive gradients in thin films (DgT), 
has been successfully used to measure the in situ concentra-
tions of metals in natural waters, sediments and soils and has 
been shown to be a promising tool to assess metal phytoa-
vailability in a wide range of soils. The technique is based 
on accumulation of solutes in a resin layer after passing th-
rough a well-defined diffusive gel layer. The mass of solutes 
accumulated in the resin during a period of deployment time 
is measured.

The aim of this work was to assess the heavy metal 
uptake of radish and to test the capability of dGT to predict 
phytoavailability of the metals for this plant.

experimental
S o i l  T r e a t m e n t  a n d  L e a c h i n g 
P r o c e d u r e s

Homogenized and sieved soil, which had been sam-
pled in Zabcice site, was used in the experiment. Content of 
Cd and Cu extractable with nitric acid, acetic acid, EdTa, 
sodium nitrate and water was determined in the soil accor-
ding to the recommendation of the Community of Bureau 
of reference (BCr)2 and Gupta3. Portion of 6 kg of the soil 

was weight into each of 40 pots. Soil portions in individual 
pots were spiked by adding solution of Cd and Cu, so that 
the concentration of the metal in the soil was increased by 
1 ppm Cd, 2 ppm Cd, 100 ppm Cu and 200 ppm Cu. The pots 
with non-spiked soil portions served as control samples. af-
ter 3 months, leaching with the same agents was carried out 
with artificially contaminated samples.

d G T  E x p e r i m e n t 
The gels for dGT were prepared according to the con-

ventional procedures (dGT research, Ltd., Lancaster, UK)4. 
The dGT piston probes were deployed at 24 ± 1 °C in each 
soil sample in triplicate with the moisture content of 150 % of 
maximum water holding capacity mWHC for 24 hours. after 
elution of the resin gel with 1m Hno3, the accumulated mass 
of Cd or Cu was determinated.

P o t  E x p e r i m e n t
radish (Raphanus sativa) was sown both in the control 

and contaminated soils. Five plants of radish were grown in 
each of four pots with the same soil sample. Six weeks af-
ter sowing the radishes were harvested, rinsed with deioni-
zed water; the root divided into the white inner part and the 
red outer part and digested using the dry mode mineralizer 
(aPion). dry matter content in both parts was determined 
by drying samples in a oven at 105 °C.

d e t e r m i n a t i o n  o f  m e t a l s
Content of Cu and Cd was determined by electrothermal 

atomic absorption spectrometry (ETaaS) employing Perkin-
Elmer model 4110 Zeeman atomic absorption spectrometer. 
recommended conditions were applied.

results
Concentration of Cd and Cu found in soil samples by 

leaching with nano3 and water and in dry matter of radish 
edible parts are summarized in Tables i and ii. The test sam-
ple was also characterized by other leaching agents. Con-
tent of elements in this soil related to nitric acid, acetic acid 
and EdTa leachate fractions was 49.1 ± 2.8; 45.5 ± 1.9; 
11.8 ± 0.8 μg kg–1 Cd and 6.80 ± 0.50; 0.256 ± 0.051; 
3.10 ± 0.17 mg kg–1 Cu.

The content of both metals is significantly higher in 
contaminated soils as intended. The results show that added 
metals are strongly bound to the soil matrix. The amount of 
extractable Cd and Cu with nano3 reaches only 10 % and 
even only 0.1 % of added metal, respectively. The concen-
trations found by means of DgT technique are within 1–2 
orders of magnitude lower than the concentrations in sodium 
nitrate leachates for both metals.

The dry matter content was determined in both analyzed 
parts of radishes. The red outer part and the white inner part 
contained on average 11 % and 5 % of dry matter, respecti-
vely. Cd and Cu concentration in both parts of radish incre-
ases with increasing content of these metals in soils. The 
Cd and Cu uptake in red outer part of radish is higher than 
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in white inner part. The fluctuation of individual results indi-
cates higher biological variability among the plants grown in 
the experimental pots.

conclusions
metal concentration (Cd, Cu) in radish depends on the 

concentration of the metal in soils in which the plants were 
grown. DgT technique can provide relevant information on 
accessible form of elements in the soil.

Acknowledgement: This work was performed and sup-
ported within the Institutional research plan AV0Z40310501.
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Table i
Cadmium content in soils and in dry matter of plant samples 
grown in these soils

 Concentration of Cd [μg kg–1]
  Control soil  Cd 1 ppm soil Cd 2 ppm soil
 Leaching – 0.47 ± 0.10 46.7 ± 8.5 249 ± 32
 nano3
 Leaching – 0.85 ± 0.10 1.89 ± 0.73 3.77 ± 0.51
 water
 dGT unit 0.015 ± 0.003 1.54 ± 0.26 3.38 ± 0.96
 radish – 86.0 ± 20.0 2,430 ± 212 4,860 ± 1,230
 white part
 radish – 282 ± 67 3,543 ± 762 6,260 ± 1,420
 red part

Table ii
Copper content in soils and in dry matter of plant samples 
grown in these soils

 Concentration of Cd [μg kg–1]
  Control Cu 100 ppm Cu 200 ppm
  soil soil soil
 Leaching – 10.9 ± 2.1 210 ± 11 202 ± 39
 nano3
 Leaching – 7.71 ± 0.40 75.9 ± 18.9 77.9 ± 6.3
 water
 dGT unit 0.191 ± 0.030 3.71 ± 0.19 4.96 ± 0.33
 radish – 2,340 ± 440 7,220 ± 1,160 11,600 ± 4,600
 white part
 radish – 3,520 ± 505 15,200 ± 1,830 42,800 ± 21,400
 red part
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introduction
Phosphate may be a serious problem for the ecosystem1,2 

since it is the main reason for the eutrophication of natural 
surface waters. in the presence of phosphate, a considerable 
growing of anabaena is observed which release toxins after 
their extinction. moreover, the phosphates cause a consi-
derably growing of water plants which consume the oxygen 
contents in water, and interfere with the aquatic life. The 
visual spectrophotometry3,4 often based on the interaction of 
molybdatophosphate or molybdatovanadato-phosphate with 
some basic dyes is often used for its determination.5–8 The 
formation of an ion associate with the sensitive rhodamine B 
(Tetraethylrhodamine) was studied in detail in this paper.

experimental
C h e m i c a l s

All chemicals used were in analytical grade quality.
0.01 mol dm–3 standard solution of phosphate was prepa-

red from 0.3402 g KH2Po4 (Lachema, Brno, Czech repub-
lic) in 250 ml, previously dried 1h at 130 °C.

0.3 mol dm–3 solution of sodium molybdate, (Lachema, 
Brno, Czech republic) and 1 × 10–3 mol dm–3, solution of 
rhodamine B (Tetraethylrhodamine), (merck, darmstadt, 
Srn) in milli Q water were stock solutions. 

Brij 35 (aldrich, Steinheim, Srn), Triton X 100 (Calbi-
ochem Co., San diego, USa) and Polyvinylalcohol (Pva) 
(Sigma, Steinheim, SRn) surfactants were in 1 % wt. aqueous 
solutions.

astasol standard solutions with 1 g dm–3 of Sio3
2-, Ca2+, 

al3+, Fe3+, K+, na+, mg2+, as3+, Cl–, So4
2–, nH4

+, no3
–, 

no2
– (Analytika, Praha, čR), were used for studying inter-

ferences.

r e a l  W a t e r s  S a m p l e s
Surface water from the river Sázava, mineral water 

Korunní, drinking water from the Brno water supply and sea 
water from the mediterranean Sea were sampled. The water 
samples were filtered by using membrane filter with pore size 
0.45 µm.

i n s t r u m e n t
Spectrophotometer Spectronic UniCam Uv 500 

(Spectronic Unicam, UK, Cambridge).

C a l i b r a t i o n  p l o t s  a n d  l i m i t s  o f 
d e t e c t i o n

all linear calibration plots were evaluated according 
to the standard čSn ISO 8466-110 characterizing necessary 
statistical characteristics for evaluation of linear calibration 
plots (variation range homogeneity test and linearity test).

The detection limits were expressed according to Gra-
ham9, miller11 and to iUPaC13. 

The method of continuous variation12 was used for the 
evaluation of the mol ratio of components.

results
The sequence of mixing components has an impor-

tant effect for the sensitivity and reproducibility of the 
method. The maximal absorbance was reached for the fol-
lowing order of mixied components: phosphate → non-
ionic surfactant → sodium molybdate → sulphuric acid →
rhodamine B. The absorbance of the ternary species of 
12–molybdatophosphate with rhodamine B reaches its 
maximum value for 8.3 × 10–5 mol dm–3 rhodamine B and  
0.03 mol dm–3 sodium molybdate after 20 min. at 572 nm. 
The higher concentrations of both components are respon-
sible for the absorbance decreases.

E f f e c t  o f  a c i d i t y 
in the following range 0.1–3.0 mol dm–3, the absorbance 

considerably decreased with the increasing concentration of 
sulphuric acid. 1 mol dm–3 of H2So4 was optimal for obtai-
ning stable absorbance of the associate in time. Hydrochloric 
acid has a similar effect but 1.5 mol dm–3 was used for further 
measurements.

E f f e c t  o f  s u r f a c t a n t s
Three non-ionic surfactants were used, Brij 35, Tri-

ton X 100 and Pva respectively, from which 0.01 % wt. 
of Brij 35 was optimal. in the presence of Triton X 100 the 
adsorption of the ion associate on glass surface was observed. 
Pva 30,000–70,000 mol. weight does not prevent turbidity 
in solution.

C a l i b r a t i o n  P l o t s  a n d  d e t e c t i o n 
l i m i t s  ( L o d )

The strictly linear calibration plots were evaluated for six 
concentration levels between1 × 10–6–7 × 10–6 mol dm–3. The 
points were measured in triplicate for the optimal conditions 
1 mol dm–3 sulphuric acid, 0.01 % wt. Brij 35, 0.03 mol dm–3 

sodium molybdate and 8.3 × 10–5 mol dm–3 rhodamine B for 
the evaluation were used.

E f f e c t  o f  i o n s
1,000 : 1 mg2+, K+, na+, nH4

+, no3
–
,
 So4

2–, Cl–, HCo3
– 

did not interfere the determination of 1 × 10–6 mol dm–3 
H2Po4 and 100 : 1 al3+, Fe2+, Ca2+. as (iii, v) and no2

– 
interfered above concentrations only which are not present 
in natural waters. The Sio3

2– was successfully masked with  
6.7 × 10–4 mol dm–3 tartaric acid.
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T h e  S t o i c h i o m e t r y  o f  t h e  T e r n a r y 
S p e c i e s  o f  1 2 - m o l y b d a t o p h o s p h a t e 
w i t h  r h o d a m i n e  B

The molar ratio of components in the ion associate 
was expressed from the method of continuous variations12. 

max

max

1 x
x

n
−

= .The resulting value of n was 1
5,01

5,0
=

−
=n

.

This molar ratio corresponds with the ratio between phos-
phate and rhodamine B as 1 : 1. Which describes the compo-
sition of the ion associate such as H2P[mo3o10]4

– . rhB+ in 
1 mol dm–3 H2So4.

a p p l i c a t i o n s  F o r  t h e  r e a l  S a m p l e s 
o f  W a t e r

For all kinds of water, the method of standard addi-
tions in six concentration levels which are 1, 2, 4, 6,  
7 × 10–6 mol dm–3 was used. The concentration of phosphate 
was found 0.1 ± 0.02 mg dm–3 triplicate the values in the 

river water and 0.16 ± 0.007 mg dm–3 phosphate in the drin-
king water. The determination could not be carried out by 
this approach for mineral water because of increased con-
tents of silicate in solution. The optimal concentration of 
6.7 × 10–4	mol dm–3 tartaric acid is not effective for masking 
but the necessary higher concentration of tartaric acid would 
interfere with the determination of phosphate. The concent-
ration of phosphate in the analyzed sea water was under the 
detection limit and the method of standard addition can not 
be used.
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Table i
Calculated values from calibration plots

 y = 0.1421x + 0.0104 r2 = 0.9987
 XΔ

α a 0.40 × 10–6 mol dm–3 1.24 × 10–5 g dm–3

 XΔ
β a 1.18 × 10–6 mol dm–3 3.66 × 10–5 g dm–3

 Xm
b 0.79 × 10–6 mol dm–3 2.44 × 10–5 g dm–3

 X3σ
c 0.83 × 10–6 mol dm–3 2.56 × 10–5 g dm–3

 εσ
d 142123 ± 3767  mol–1 cm–1 dm3

Fig. 1. The point 0 on the Jobs curve corresponds with the 
maximal	concentration	of	the	rhodamine	b	and	zero	concentra‑
tion of phosphate, the point 1 with the maximal concentration 
of	phosphate	and	zero	concentration	of	rhodamine	b.		points	
belong	to	the	total	absorbance	of	solution,		points	belong	to	the	
rhodamine	b	blank

Fig. 2.	 the	supposed	structure	of	the	ion	associate
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introduction
determination of uranium at very low concentrations 

often needs preconcentration in order to meet the detection 
limit of a given analytical method. matrix interferences are 
another problem when using aaS and iCP-aES. The precon-
centration by solid phase extraction is simple, rapid and usu-
ally help to eliminate interferences from the matrix elements. 
Several sorbents were used for preconcentration and sepa-
ration of trace uranium (vi)1, among them the macroporous 
amberlite Xad resins2,3, silica4,5, active carbon6 and polyu-
rethane foam7 which can be loaded with completing reagents. 
The modified Amberlite XAD 4 resin in various particle size 
was studied for the sorption of uranium in this paper prior to 
the final determination by ICP-AES1–3.

experimental
C h e m i c a l s

All chemicals used were of analytical grade quality.
1 g dm–3 standard solution of uranium (vi) astasol 

(analytika, Praha, Czech republic)
0.5 g dm–3 solution of 4-(2-pyridylazo)resorcinol (Par) 

from, Lachema, Brno, Czech republic, the ammonium salt 
of pyrrollidincarbodithioate (aPdC) from, Lachema, Brno, 
Czech Republic, 8-hydroxyquinoline-5-sulphonic acid (8-
HQS) from aldrich, Steinheim, Germany and 1,2-dihydro-
xybenzene (Pyr) from Lachema, Brno, Czech republic in 
distilled water were stock solutions.

Cationic surfactants 1-ethoxycarbonylpentadecyl-tri-
methylammonium bromide (Septonex®) from Tamda, olou-
mouc, Czech republic, benzyldimethyltetradecyl-ammonium 
chloride (Zephyramin®) from merck, darmstadt, Germany 
and benzyldimethyldodecyl-ammonium bromide (aja-
tin®) from Fluka, Buchs, Switzerland were in 0.1 mol dm–3 
aqueous solutions.

The macropourous sorbent amberlite® Xad 4 (Fluka, 
Buchs, Switzerland) was previously dried 24 h at 100 °C, 
milled and sieved; the fraction 0.32–0.63 µm was used and 
ctivated in methanol for 24 hours. 200 mg of activated sorbent 
was filled into empty cartridges. The columns were finally 
washed by 10 ml of acetone and 10 ml of distilled water. 

Solutions for the sorption or the eluent were aspirated 
through the sorbent-filled plastic cartridges using the vacuum 
pump operated vacuum suction device dorcus™ (Tessek, 
Praha, Czech republic). a peristaltic pump UniPam 315™ 
(Scientific instrument, Warszawa, Poland) was attached with  

3 mm wide silicon tubing to the cartridges and operated at a 
solution flow rate of 1 ml min–1.

i n s t r u m e n t
an echelle-based iCP-spectrometer with a prism pre-

disperser iriS aP™ (Thermo Jarell ash, U.S.a.) containing 
a Cid detector with 512 × 512 pixels for 195–900 nm, axial 
plasma discharge and echelle grating with 54.4 lines mm–1 
was used. The plasma source was a generator with 27.12 mHz 
with the power output of 1.35 kW. The plasma argon flow rate 
was 12 dm3 min–1. The integration time was 30 s. The results 
were the average of 3 measurements. Spectral lines (nm) in 
high orders: U 385.958 and U 409.014 nm were tested for 
the determination and the spectral line 385.958 was used for 
future measurement.

C a l i b r a t i o n  P l o t s  a n d  L i m i t s  o f 
d e t e c t i o n

all linear calibration plots were evaluated according to 
the čSn ISO 8466-1 standard including the variation range 
homogeneity test and linearity test8. The confidence limits of 
the plot are also expressed.

The recovery was calculated by the expression

fUc
UcR

columntheontoapplied

eluted ⋅= )(
)(

 
(1)

where f is the enrichment factor.
The detection limit was expressed according to Gra-

ham9, miller10 from the calibration plots and to iUPaC11 
from 10 points of the blank.

results
d e t e r m i n a t i o n  o f  U r a n i u m  b y 
i C P - a E S  i n  t h e  a b s e n c e  o f 
P r e c o n c e n t r a t i o n

Some determination in geological samples was ear-
lier described12. a 10% signal decrease was observed for 
0.75 mol dm–3 Hno3, but for 1 mol dm–3 HCl the decrease 
reaches 20 %. in the presence of various 3 × 10–3 mol dm–3 
surfactants, Brij 35, Zephyramine, ajatin and dodecylsuphate 
the 5–15 % increase of the calibration slope was observed. 
Similarly, the slope of calibration plots increased by 5 % in 
the presence of 6 × 10–5 mol dm–3 Par, 9 × 10–5 mol dm–3 
aPdC or 2.2 × 10–5 mol dm–3 8-HQS. (cf. Table i)

C a l i b r a t i o n  p l o t s  a n d  e f f e c t  o f 
i n t e r f e r i n g  i o n s

The strictly linear calibration plots were evaluated 
for seven concentration levels between 0.1 mg dm–3– 
50 mg dm–3. The points were measured in triplicate. The de-
tection limits were X∆

α  =  1.26 mg dm–3, X∆
β  =  3.69 mg dm–3 

according to Graham, X∆
m  =  1.13 mg dm–3 according to mil-

ler and 0.30 mg dm–3 according to iUPaC.
For 1–3 mg dm–3 U, no interference were observed for 

100 : 1 no3
–, Cl–, So4

2–, Sio3
2– , nH4

+, na+, K+, Ca2+, mg2+, 
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al3+. The 10 : 1 excess of multicomponent standards conta-
ining Br–, Cl–, Br–, So4

2–, Po4
3– or Cd2+, Co2+, Cr3+, Cu2+, 

mn2+, Pb2+, v5+ and Zn2+ (each of metal ion) in the absence 
or presence of y3+ internal standard (1 mg dm–3) did not 
interfere. 10 : 1 excess of Fe3+ interferes strongly by the 50% 
signal decrease in the presence of y3+.

d e t e r m i n a t i o n  o f  U r a n i u m  b y  i C P -
a E S  a f t e r  t h e  P r e c o n c e n t r a t i o n  o n 
m o d i f i e d  a m b e r l i t e  X a d  4

Prior to the sorption, the column was conditioned by 
10 ml of 5 × 10–3 mol dm–3 Septonex whose pH was adjusted 
by hydrochloric acid and sodium hydroxide. This procedure 
was always used for the sorption.

E f f e c t  o f  S u r f a c t a n t s  a n d  o r g a n i c 
r e a g e n t s

The retention efficiency of 3 mg dm–3 U from 50 ml 
volume with the optimal pH 9 without surfactants and orga-
nic reagents was 56 % only. The elution of uranium from the 
column was carried out with 10 ml acetone and 1 mol dm–3 
nitric Hno3 (1 : 1). The various surfactants were used such 
as non-ionic Brij 35, cationic Septonex or Zephyramine 
and anionic dodecyl	 sulphate	 respectively, from which 
5 × 10–3 mol dm–3

 of Septonex was optimal for conditioning 
and allowed the recovery of 96 % U. The recovery with 
dodecylsulphate	was 81 % U. Brij 35 produced a foam in the 
column and Zephyramine did not prevent turbidity during 
evaporation, when Hno3 was used for elution.

moreover the sorption of 1.5–15 mg dm–3 of U was 
quantitative by using 6 × 10–5 mol dm–3

 Par and 9 × 10–5 
– 1.8 × 10–4 mol dm–3

 aPdC which corresponds with the 5 or 
10 fold excess of reagent and the recovery nearly 100 % was 
obtained in the presence of 1.3 × 10–4 mol dm–3

 8-HQS and 
1.4 × 10–4 mol dm–3 Pyr. Thus, 6 × 10–5 mol dm–3 of Par was 
recommended for following preconcentration.

E f f e c t  o f  p H
The influence of pH on the sorption follows from Table II. 

The sorption was quantitative in the interval of pH 7–9.

E f f e c t  o f  E l u e n t s
For the quantitative elution of the complex of uranium 

(vi) with the used reagents, acetone, ethanol and methanol 
in different ratio with 1 mol dm–3 nitric acid were tested. The 
most effective eluent with 100% recovery of U was 10 ml of 
1 : 1 acetone and 1 mol dm–3 nitric acid or the 1 : 1 mixture of 
acetone and 4 mol dm–3 Hno3 mixtures. The best eluents are 
compared in Table iii.

conclusions
The sorbent Xad-4 in the presence of 4-(2-

pyridylazo)resorcinol or pyrrollidincarbodithioate was 
observed for the separation and preconcentration of Ura-
nium (vi) at pH 9. The column of amberlite Xad 4 of 
particle size 0.32–0.63 µm was washed with 10 ml of ace-
tone and 10 ml of distilled water, and conditioned with  

Table i
The regression equation for different selected systems

 U (VI) Solution regression equation
 Basica y  =  4.48x + 1.29
 Septonexb y  =  4.49x + 0.23
 dodecylsulphatec y  =  5.37x + 1.08
 0.75 mol dm–3 Hno3  y  =  4.04x + 2.18
 1 mol dm–3 HCl y  =  3.75x + 3.18
 Pard y  =  4.95x + 1.32
 aPdCe y  =  4.83x + 0.43
acalibration plots for 1 mg dm–3–15 mg dm–3 U without orga-
nic reagents ;
b3 × 10–3 mol dm–3 Septonex;
c3 × 10-3 mol dm–3 sodium dodecylsulphate;
d2 × 10–5 mol dm–3 Par;
e3 × 10–5 mol dm–3 aPdCin solution

Fig. 1.	 effect	 of	 organic	 reagents.	 	 ph		=		5;	 	 ph		=		7;	
	 ph		=		9;	 a6	×	10–5	mol	dm–3	 Par,	 b1.2	×	10–4	mol	dm–3Par,	
c9	×	10–5	mol	dm–3	 aPDc,	 d1.8	×	10–4	mol	dm–3	 aPDc,		
e6.7	×	10–5	mol	dm–3	 8‑hqS,	 f1.3 × 10–4	mol	dm–3	 8‑hqS,		
g1.4	×	10–4	mol	dm–3	Pyr;	h2.7	×	10–4	mol	dm–3 Pyr, 3	mg	dm–3U	
was sorbed after conditioning the sorbent with 5 × 10–3	mol	dm–3	
Septonex	solution

Table ii
Effect of pH on the sorptiona

 pH recovery [%]
 9 100.0 ± 3.6
 8 99.5 ± 3.7
 7 100.6 ± 2.4
 6 89.6 ± 4.8
 5 88.6 ± 5.3
 4 82.7 ± 0.9
aFrom 50 ml of sample with 3 mg dm–3 U, in the presence 
of 6 × 10–5 mol dm–3 Par and after conditioning the sorbent 
with 5 × 10–3 mol dm–3 Septonex solution. The sorption was 
carried out in triplicate
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5 × 10–3 mol dm–3 Septonex solution. The sample solution 
containing 1.5–15 mg dm–3 U with 6 × 10-5 mol dm–3 of Par 
was applied on the column with 1 ml min–1. The column 
was then washed with 15 ml of distilled water and uranium 
eluted with a mixture of acetone : 1 mol dm–3 Hno3 (1 : 1) . 
The organic solvent was removed by evaporation under an ir 
lamp to 2 ml in a suitable Teflon® dish. The residue was then 
diluted to 10 ml by distilled water and analyzed by iCP-aES. 
(cf. Table iv)
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Table iii
The recovery with different eluents

 Elution reagent recovery of U [%]a

 Ethanol-Hno3 [1 mol dm–3] 92 ± 5
 aceton-Hno3 [1 mol dm–3] 100 ± 3
 methanol-Hno3 [1 mol dm–3] 94 ± 2
aeluted with 10 ml of eluent in triplicate

Table iv
The efficiency for uranium (VI) in the presence of org. rea-
gent at pH 9 on amberlite Xad 4

 org. reagent  Uranium (vi) 
  1.5 mg dm–3 3 mg dm–3  15 mg dm–3

 Para 1.53 ± 0.02 2.99 ± 0.05 14.75 ± 0.12
 aPdCb 1.65 ± 0.09 3.05 ± 0.05 15.69 ± 0.15
 aPdCc 1.43 ± 0.07 3.01 ± 0.05 14.48 ± 0.69
a6 × 10–5 mol dm–3 Par,
b9 × 10–5 mol dm–3 aPdC,
c1.8 × 10–4 mol dm–3 aPdC, 
dThe sorbent conditioned with 5 × 10–3 mol dm–3 Septonex 
and the sorption carried out in triplicate
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introduction
mercury is a very toxic element which damages the cen-

tral nervous system, endocrine system, kidneys, and other 
organs. Exposure over long periods of time or heavy exposure 
to mercury vapour can result in brain damage and ultimately 
death. mercury and its compounds can produce serious birth 
defects.Compounds of mercury tend to be much more toxic 
than the element itself.1–3

on the other hand selenium is an essential micronutrient 
for animals with biological functions as cofactor. However 
it is toxic in large doses. Selenium deficiency can lead to 
Keshan and Kashin-Beck diseases. if it is taken in excess it 
can lead to seleniosis. in addition, several studies have sug-
gested a link between cancer and selenium deficiency4. 

it has been issued that Se-methionine inhibits some neu-
rotoxic effects of methylmercury.5–7

For this reason, the development of new analytical stra-
tegies for multielemental speciation is a primordial issue. 

in the present study, a new method for the detection  
of Se- and Hg- species has been developed, including chiral 
species.

experimental
i n s t r u m e n t a t i o n

The HPLC system is an agilent 1100 series. The 
columns used were a Phenomenex Bondclone C18, 
300 mm × 3.90 mm, 10 μm; and an Astec Chirobiotic T 
column, 250 mm × 4.6 mm.

an inductively coupled plasma mass spectrometer 
model HP 4500 (Hewlett Packard, yokogawa, analytical 
System, Tokyo, Japan) equipped with a Babington nebuliser 
was used in this study.

r e a g e n t s  a n d  S t a n d a r d s
all reagents were of analytical reagent grade. deioni-

zed water (18 MΩ cm–1) was obtained from a milli-Q water 
purification system (Millipore, UK). 2-mercaptoethanol 98% 
was purchased from Sigma–aldrich (Steinheim, Germany) 
and tetraethylammonium chloride from Fluka (Switzerland). 
ammonium acetate and nitric acid were obtained from merck 
(darmstadt, Germany).

Stock standard solutions of 1,000 mg Se dm–3 were 
prepared in deionized water from selenocystine (SeCys2, 
Sigma), seleno-dL-methionine (Se-dL-met, Sigma), seleno-
L-methionine (Se-L-met, Sigma), selenomethylselenocys-
teine (SemeSeCys, Sigma), selenocystamine (SeCa, Sigma), 
sodium selenate (na2Seo4) and sodium selenite (na2Seo3).

methylmercury chloride stock standard solution was 
prepared at 1,000 mg Hg	dm–3 by dissolving methylmer-
cury chloride (merck (darmstadt, Germany) into 2% Hno3. 
mercury chloride stock standard solution was prepared as 
1,000 mg Hg	dm–3 solution by dissolving mercury chloride 
(merck (darmstadt, Germany) into 10% Hno3.

P r o c e d u r e
a 0.075% tetraethylammonium chloride water solution 

at pH 4.5 (mobile phase a) and a 5% (v/v) methanol-water 
solution containing 0.06 mol dm–3 ammonium acetate and 
0.1% (v/v) 2-mercaptoethanol (mobile phase B) were used as 
the mobile phases for HPLC. The flow rate was 1 ml min–1 and 
the sample injection volume was 100 μl. The columns were 
connected using three valves to build a column swithching 
system and species were on-line detected by iCP-mS. The 
columns outlets were connected directily to the nebulizer of 
the iCP-mS system. 

Elemental detection was performed using a model 4500 
ICP-MS system. The plasma and auxiliary argon flow rates 
were 15 and 1 dm3 min-1, respectively. The nebulizer gas flow 
rate was 1.28 dm3 min-1. The forward RF power was fixed at 
1,266 W. The dwell time was 3 seconds per isotope and 77Se, 
82Se and 202Hg were monitored.

in our study of selenium and mercury speciation have 
been successfully separated six selenium compounds and 
two major mercury compounds in biological samples using 
a reversed-phase column. The chiral species of selenium was 
later separated with the second column.

after the injection in the loop, all species go into the 
reversed phase column and later directly to the iCP-mS, 
using the mobile phase a. With this program, SeCm, SeCys, 
SemeSeCys and Se (iv) elute before 5.1 minutes. at 5.1 
minutes we active the second column, and d-selenomethio-
nine and L-selenomethionine go throught the chiral column. 
after that, at 6.15 minutes we switch off the chiral column, 

 Time mobile phase Columns
 0–5.1 a rP
 5.1–6.15 a rP + Chiral
 6.15–8.3 a rP
 8.3–13.3 a rP + Chiral
 13.3–25 B rP
rP = Phenomenex Bondclone C18 column, 
300 mm × 3.90 mm, 10 μm
Chiral = astec Chirobiotic T column, 250 mm × 4.6 mm,

Table i
HPLC conditions
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then Se (vi) go out from reversed phase column to the iCP-
mS. at 8.3 minutes we switch on the chiral column again 
going out d-Selenomethionine and L-Selenomethionine.  
at this moment, meHg and inorganic mercury are still 
inside the reversed phase column and to get their separation,  
at 13.3 minutes we disconnect the chiral column again and 
the mobile phase B is pumped. With this change we get the 
elution of meHg and inorganic mercury.

results
Fig. 1. illustrates the chromatograms obtained with the 

method proposed and the Table ii show the species detected, 
their retention times, detection limits and linear range. The 
detection limits vary between 0.3 and 9.7 ng depending  
of the species. The relative Standard deviation (% rSd) for 
the retention time is below 1 % for all species and for peak 
area is below 19 % for all species.

conclusions
This work reports for the first time an analytical metho-

dology for the chromatographic separation of mercury and 
selenium species including chiral ones.

The methodology proposed for the simultaneous speci-
ation allows a deeper insight into the interaction between Se 
and Hg-species which is a key question due to the beneficious 
effect of Se-species into Hg toxicity.

The developed methodology allows high sample th-
roughput and low sample consumption that is highly impor-
tant for the application to food and biological samples.

This method don’t has memory effect in the system.
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Fig. 1.	 chromatogram	 obtained	 by	 the	 proposed	 method	 for	
77Se,	82Se	and	202hg	isotopes

Table ii
retention times, detection limits and linear range of the  
species

   retention detection Linear
 Peak Species time limit range
   [s] [ng] [ppb]
 1 Se-cystamine 162.2 6.24 62.4–1,000
 2 Se-cystine 189.2 4.03 40.2–500
 3 Se-methyl- 243.3 7.78 77.8–1,000
  selenocysteine
 4 Se (iv) 279.3 7.26 72.6–1,000
 5 Se (vi) 420.8 6.63 66.3–1,000
 6 Se-L-methionine 717.3 9.67 96.7–1,000
 7 Se-d-methionine 752.4 4.78 47.8–1,000
 8 Peak due to mobile phase change
 9 methylmercury 1,265.1 4.40 44.0–10,000
 10 inorganic mercury 1,344.4 0.30 3–10,000
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introduction
Essential oils are volatile lipophilic substances, usu-

ally colorless. most often, essential oils consist of terpenes, 
namely monoterpenic hydrocarbons, aldehydes, alcohols, 
ketones, acids, esters. Their content substances are usually 
classified as isoprenoids and phenylpropanoids groups1. Their 
characteristic scent is conditioned by terpenic compounds, in 
general2.

The TLC (thin layer chromatography) method can be 
used for the identification of essential oil present in spice1. 
This method is simple, without need of sofisticated and 
expensive instrumentation. Defined amount of the analysed 
mixture is applied on the starting line of a plate covered by 
a thin layer of sorbent (stationary phase). Chromatographic 
plate is then placed into the developing chamber with mobile 
phase, which rises slowly and evenly through the thin layer, 
transporting the individual components of the analyzed mix-
ture by various speed. dried thin layer with perceptible stains 
of particular compounds of the mixture situated in different 
distances from the start – represents TLC chromatogram. The 
identification of compounds is performed either via com-
parison of their migration distances with standards, or by 
comparison of their rF values with those obtained from the 
literature3.

another option to identify essential oils is application 
of SPmE (Solid phase microextraction) in connection with 
gC/MS. Solid phase microextraction is simple and efficient 
sorptive – desorptive technique used for solventless isolation/
preconcentration of target analytes from the sample matrix4. 
In the field, this procedure could be also used as passive sam-
pling method. during this procedure, analytes are sorbed by 
thin layer of stationary phase placed on the SPME fiber. The 
SPME process continues until the equilibrium in the system 
is reached. In physical-chemical terms, the SPME technique 
state of equilibrium depends on the analyte properties and on 
the type and thickness of polymer covering the silica fiber4.

experimental
For the identification of essential oils present in spice 

(caraway, cardamom, pepper, sweet pepper, calamint, cinna-
mon and muscat), two methods were used5:

TLC
SPmE, GC/mS

•
•

T L C
Spice essential oils isolation proceeded in the fol-

lowing manner. Spice samples were extracted by ethanol for 
10 minutes. After that, the extract was filtered and the spice 
was reextracted twice for 20 minutes by petroleum ether. 
Extracts were concentrated on the vacuum rotary vaporizer 
to the defined volume.

By means of micropippete, concentrated extracts were 
applied on the chromatographic plate (alugram Sil G). The 
distance of applied stains was between 0.5–1 cm, the volume 
of applied sample was always 10 μl and 20 μl. Ethanol and 
petroleum ether extracts i and ii were applied on plates.

Plates were developed in a closed chromatographic 
chamber, which was filled with a developing agent – mobile 
phase formed by the mixture of toluene and ethyl acetate 
(ratio 93 : 7). developing was ascensive and was let in pro-
gress until the mobile phase reached the distance of 1 cm 
from the top of the plate. Plates were let to dry and then they 
were sprayed by developer for the purpose of visualization of 
stains created by separated substances. The used developer 
consisted of ethanol and sulphuric acid (ratio 95 : 5), which 
was mixed in 1 : 1 ratio with one-percent solution of vanil-
lin in ethanol. after the chemical detection, plates were dried 
again in the drier at the temperature of 105 °C for 5 minutes. 
Identification of vizualized stains was performed via compa-
rison of experimental rF values with those published in the 
literature6.

S P m E  –  G C / m S
Weighted amounts of individual spices (1 g) were put 

into vials. Substances from spice were sorbed from the head-
space by SPME fiber at the temperature of 40 °C. The com-
pounds were then directly injected into the gas chromato-
graph.

The SPME fiber used was 65 μm polydimethylsiloxan/
divinylbenzene (PdmS/dvB) from Supelco. Gas chromato-
graph with mass spectrometric detector was agilent 6890n 
GC/5973 mSd. The HP-5mS column (agilent Technologies, 
USA), 30 m × 0.25 mm × 0.25 μm was used, the injector tem-
perature was 270 °C, oven program was: 45 °C, 2 min, 5 °C 
to 200 °C, hold 2 min. He at a flow of 1 ml min–1 (constant 
flow mode) was used as a carrier gas, transferline temperature 
was 250 °C, ion source temperature was 230 °C, quadrupole 
temperature was set to 150 °C. direct interface connection 
was applied, electron ionization at 70 ev was employed.

results
TLC chromatograms evaluation was performed in 

accordance with requirements of the Pharmaceutical Codex6 
, which is valid for phytopharmaca and recomends TLC as 
an optimum screening method. rF values were calculated 
for each of detected stains. This factor was also used for the 
identification. Besides the retention factor, also the colours of 
the stains were compared. For example, the comparison of all 
sweet pepper extracts shows Table I. In column “Identified 
Compound”, unambiguously identified content substance 
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is presented in bold; where no compliance existed, “n.i.” is 
stated, which stands for “not identified”. Concerning results, 
it is evident that not all the content substances were present 
in all extracts. mostly, they were detected in the ethanolic 
extract and in the first petroleum extract and their presence in 
these two extracts was influenced by the chemical nature of 
these substances.

as the second method of essential oils components 
analysis, SPmE in connection with GC/mS was used. The 
method was optimalized and measurements were performed 
under conditions mentioned above. also by this method, not 
the concentration of substances, but their identification was 
the matter of concern. in contrast to TLC, the isolation/pre-
concentration of target compounds was performed via head-
space method. To confirm the presence of a given substance 
niST spectral library search was used. The Fig. 1. shows 
chromatogram of sweet pepper spice. in Table ii is a sum-
mary of substances identified via spectral library search in 
this spice.

By comparison of Tables i and ii it is obvious, that more 
single volatile substances and their isomers can be recognised 

by means of SPmE in connection with GC/mS. Similar com-
parison could be made at all spices used.

conclusion
analytical separation-based methods were used for the 

identification of content substances present in essential oils of 
seven spice species. Following results were obtained: 

The isolation of essential oils content substances can be 
performed by the means of either appropriate solvent 
extraction, or passive sampling via SPmE.
Screening chromatography method on the thin layer 
(TLC) is appropriate for the quick identification of con-
tent substances in essential oils. This method is also 
recommended by the Pharmaceutical Codex6.
Decisive gC/MS method enabled the identification of 
more content substances, including some isomers, at all 
spice and herbal tea samples analysed.

This work was supported by the Ministry of Education 
of the Czech Republic under research project MSM 621 
712422. 

rEFErEnCES
 1. marsili, r.: Techniques for Analyzing Food Aroma. CrC 

1996.
 2. Podlech, d.: Kapesní atlas léčivé rostliny, Slovart 

2007.
 3.  Wager, H., Bladt, S., Zgainski, E. m.: Plant drug analy-

sis. Springer – verlag 1984.
 4.  Pawliszyn, J.: Solid Phase Microextraction: Theory and 

Practice. Wiley-vCH 1997.
 5.  Sides, S., robards, K., Helliwell, S.: Trend.anal.Chem., 

19, 322 (2000).
 6.  Český farmaceutický kodex. X-EGEm 1993.

•

•

•

Table i
Identification of volatile compounds in sweet pepper 
extracts

 rF Ethanol RF Petroleum RF Petroleum Identified
  ether i ether ii compound
 – 0.17 – pinene
 0.23 0.22 – cymene
 0.28 – – terpinene
 0.38 0.41 0.39 n.i.
 0.52 0.65 0.67 n.i.
 0.69 0.68 – n.i.
 0.93 – – n.i.
 0.96 – – n.i.
 0.99 – – n.i.

Fig. 1. Chromatogram of sweet pepper

Table ii
Retention times and identification of compounds present in 
sweet pepper

 Peak number Retention Time Identification
 1. 7.97 α-pinene
 2. 9.24 β-pinene
 3. 9.71 β-myrcene
 4. 10.09 α-felandrene
 5. 10.26 3-karene
 6. 10.46 α-terpinene
 7. 10.71 p-cymene
 8. 10.84 limonene
 9. 11.76 γ-terpinene
 10. 12.66 4-karene
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introduction
When exposure to light exceeds a maximum that can be 

used productively by the photosynthesys, a violaxanthin de-
epoxidation leads to antheraxanthin and finally to zeaxanthin, 
the excessive energy being then dissipated as heat1. at lower 
irradiance, zeaxanthin is re-epoxidated back to violaxanthin 
by zeaxanthin-epoxidase (Fig. 1.).

This reversible interconversion of zeaxanthin and vio-
laxanthin via antheraxanthin was called xanthophyll cycle or 
violaxanthin cycle, being initially studied in higher plants6,7; 
further researches established that it has a photoprotective 
role, removing the excess excitation energy from the photo-
synthetic antennae1–4, protecting in this way photosynthetic 
organisms from dammage by excessive light. The aim of this 
research was to establish the way in which the carotenoid 
biosynthesis is influenced by high light stress in the green 
algae Mougeotia sp. agardt.

experimental
The carotenoid standards were kindly provided by F. 

Hoffmann – La roche, Basel, Switzerland. all solvents were 
HPLC grade purity (romiL Chemicals). The green algae 
Mougeotia sp. agardt (aiCB 560) originated from the colle-
ction of the institute of Biological researches Cluj-napoca; 
it was grown in a Bold nutritive solution mixed by introdu-
cing air containing 5 % Co2, under continuous illumination 
(300 µmol m–2 s–1, measured with a Hansatech Quantum Sen-
sor QSPar), at an average temperature of 20 °C for 15 days. 
Extraction and high performance liquid chromatography ana-
lysis (HPLC) were conducted according to a previous publis-
hed procedure5. Separations were performed on an agilent 
1100 system, using a nucleosil 120-5 C18 column and the 

following mobile phases: a – acetonitrile : water (9 : 1) and  
B – ethyl acetate. The flow rate was 1 ml min–1. and the solvent 
gradient was as follows: from 0 to 20 min. – 10 % to 70 % B, 
then from 20 to 30 min. – 70 % to 10 % B.Carotenoids iden-
tification was completed based on HPLC co-chromatography 
with authentic carotenoid standards.

results
The HPLC chromatogram from Fig. 2.a reveals the 

carotenoid pattern for the saponified extract of Mougeotia sp. 
control sample, dominated by two major carotenoids: lutein 
and β-carotene. Besides, four xanthophylls (violaxanthin, 
lutein, zeaxanthin and 5,6-epoxy-β-carotene) and four caro-
tenes (α-carotene, β-carotene, 9Z-β-carotene and 15Z-β-caro-
tene) were also identified.

When the Mougeotia culture was exposed to a high light 
irradiation (4,500 µmol m–2 s–1), the content of antheraxan-
thin increased strongly as a result of de-epoxidation (Fig. 2.b, 
Table i), the carotenoid pattern being dominated by lutein and 
antheraxanthin, while among minor carotenoids 5,6-epoxy-
β-carotene moved out and zeaxanthin appeared. 

The whole carotenoid pattern was affected by the light 
stress (Fig. 2.a and 2.b), not only the xanthophylls involved 
in the xanthophyll cycle. Chromatograms emphasize another 
important aspect in the studied matrix: the xanthophyll cycle 
converts violaxanthin mainly in antheraxanthin, not in zeaxan-
thin; this finding agrees with results reported for Mantoniella 
squamata3, where they were attributed as consequences for 
the mechanism of enhanced non-photochemical energy dissi-
pation. The recovery after the light stress leads to a reversible 
epoxidation to violaxanthin, revealed by the chromatogram 
from Fig. 2.c, the final higher violaxanthin level being corre-
lated with a strong decrease in antheraxanthin concentration 
(Fig. 2.c, Table i), while the new chromatographic pattern is 
dominated by four major carotenoids: lutein, β-carotene, vio-
laxanthin and 5,6-epoxy-β-carotene.

Fig. 1.	 the	xanthophyll	cycle

Table i
The carotenoid concentrations of target carotenoids [μg ml–1 
algal suspension]

  Control irradiation recovery after
 Carotenoids sample with 4,500 irradiation
   [μmol m–2 s–1]
 violaxanthin 0.02 0.01 0.10
 antheraxanthin 0.10 0.60 0.05
 Lutein 1.00 0.56 0.37
 Zeaxanthin 0.00 0.05 0.02
 5,6-epoxy-β-carotene 0.04 0.00 0.03
 α-carotene 0.04 0.01 0.02
 β-carotene 0.19 0.03 0.10
 9Z – β-carotene 0.04 0.01 0.02
 15Z – β-carotene 0.01 traces 0.01
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conclusions
The obtained data reveals the way in which the carote-

noid pattern is affected by high light stress in the analyzed 
algal strain, as well as the way this reacts during the recovery 
stage.

They proved that the xanthophyll cycle’s regulatory 
mechanism is functional in Mougeotia sp. algae, leading to 
an almost complete interconversion of violaxanthin to anthe-
raxanthin and zeaxanthin. However, its contribution to non-
photochemical quenching is not as significant as in higher 
plants; the small amounts of zeaxanthin recorded during 
experiments suggesting that this strain posses another dissi-
pation mechanism(s) which operates together with xantho-
phyll cycle.

Hence, HPLC analysis revealed a particular behavior of 
Mougeotia spp. algae under intense illumination: the major 
de-epoxidation product of violaxanthin is not zeaxanthin, but 
antheraxanthin. more than that, the high light stress affects 
the whole carotenoid biosynthesis, starting with the violaxan-
thin cycle’s precursor: β-carotene.

This work has been supported by 2-CEx06-11-54/ 2006 
research grant. 
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a

Fig. 2.	 hPlc	chromatograms	of	carotenoids	from	the	mouge‑
otia sp. samples: a – control sample; b – illumination with 
4,500 μmol m–2	s–1;	c	–	recovery	after	illumination.	Peak	identi‑
ties are: 1: violaxanthin, 2: antheraxanthin, 3: lutein, 4: zeaxan‑
thin, 5: 5,6-epoxy-β-carotene, 6: α-carotene, 7: β-carotene, 8: 9Z 
– β-carotene, 9: 15Z – β-carotene

b

c
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introduction
Water Framework directive11 demands a concerted 

approach in order to achieve a good ecological state for all 
water bodies across Europe. The objectives agreed must be 
coordinated beyond the level of individual survey areas and 
consolidated for the river basin district as a whole.

Fizes catchement, part of Somes catchement tributary of 
Tisa watershed, is located in Transylvania Plain, in the nor-
thern part of romania. a distinctive feature of this area is 
the presence of ponds, mainly used for fishery. The major 
pollution sources are represented by sediments (generated by 
erosional processes and transported in the water bodies) and 
diffuse pollution sources (originated from agricultural activi-
ties and the improper septic systems of the localities). Fizes 
catchement, through its features of relatively low antropic 
pressures and with little structural changes, represents a natu-
ral laboratory for designing and implementing programs of 
restorations of watersheds in agricultural landscapes.

in such a context, chemical analysis is usually employed 
to identify the aquatic system characteristics including the 
assessment of inputs, distribution of various chemical spe-
cies and characterization the outputs generated by the physi-
cal, chemical and biological processes developed within the 
water bodies. Among the specific chemical indicators, the 
inorganic species hold an important place, determining lar-
gely the behavior and evolution of the aquatic system.

The new analytical techniques, generated by the advent 
of ion chromatography (iC) deliver a more precise measu-
rement of the various inorganic species present in the water 
body. iC is a high-performance ion-exchange chromatogra-
phy technique for the separation and quantification of low-
molecular-weight ions1–8, being in use since 1975, from the 
time of the development of the eluent suppressor6. Because 
of its high accuracy and reliability, iC is nowadays the one 
of the most powerful tool for analysis of environmental sam-
ples1,5, becoming an important technique for the determina-
tion of ionic species for monitoring water quality. This tech-
nique was used for the system of fishing ponds, streams and 
ground waters from Fizes valley watershed (Fig. 1.), which 
was studied in order to assess the effects of antropic pollution 
through leaching of fertilizers from soils and waste waters 
from the villages within its catchement.

an iC method with conductivity detection was develo-
ped, enabling the simultaneous determination of six cations 
(Li+, na+, K+, nH4

+, mg2+ and Ca2+ ) and seven anions (F–, 

Cl–, Br–, no2
–, no3

–, Po4
3– and So4

2–) in a single run, saving 
thus analytical time, sample pre-treatment and reagents.

experimental
Chemicals for mobile phases’ preparation were of analy-

tical grade: 4-hidroxybenzoic acid (acros organics), lithium 
hydroxide (Scharlau) and nitric acid (merck). Ultrapure water 
with a specific resistance of 18.2 MΩ cm–1 was utilized for 
preparation of mobile phases as well as for sample dilution, 
being obtained from a direct Q 3Uv Smart (millipore). all 
solutions were stored in polyethylene bottles which had been 
thoroughly rinsed with ultrapure water. mobile phases were 
filtered through a 0.45 μm membrane (Millipore), and then 
degassed using an Elmasonic S30 H ultrasonic bath before 
use. Standard working calibration solutions were prepared 
from a “six cation standard-ii” (dionex Corporation) and 
from “seven cation standard-ii” (dionex Corporation). The 
external standard method was used for quantification.

Water samples were collected from seven sources 
located in Fizes watershed; samples were passed through a 
0.45 μm membrane filter (Millipore), and then were stored 
for 24 hours at 4 °C in 0.5 dm3 polyethylene containers9,10, 
each sample was analyzed in triplicates. The samples with 
ion concentrations exceeding the calibration range were 
diluted accordingly and re-analyzed.

analyses were performed on a Shimadzu system, con-
sisting from: a Proeminence dGU 20as online degasser, a 
Proeminence LC-20aP solvent delivery module, an automa-
tic sample injector SiL-10aF, a conductivity detector Cdd-
10avp, a Proeminence CTo-20a column oven, a FCv-10aH2 
valve unit, an allsep anion 7u column (150 × 4.6 mm), an 
Universal Cation 7u (100 × 4.6 mm) and a Proeminence 
CBM-20A system controller in a configuration which is 
represented schematically in Fig. 2. instrument control, data 
acquisition and data analysis were accomplished by a compu-
ter running “LCsolution” ver.1.2. software.

300 µl samples were injected in each case; using a tem-
perature of 40 °C, a total separation of 23 min. was effective 
for a good resolution for all seven anions from the mixed 

Fig. 1. fizes catchement river network map, with sampling 
points’	locations
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standard solution (fluoride, chloride, nitrite, bromide, nit-
rate, phosphate and sulphate – Fig. 3.) and for all six cations 
(lithium, sodium, ammonium, potassium, magnesium and 
calcium – Fig. 4.), all peaks being baseline separated. 

A LgC certified reference material (LgC6020, SPS 
ww2) was used for validation.

results
Calibrations were achieved using five levels of concen-

tration, for accurately determine the concentration of tar-
get ions. The calibration curves show a good linearity with 
r > 0.99 as indicated in Table i, Figs. 5. and 6.

Fig. 2. schematic representation of the iC system configura‑
tion	used	for	simultaneous	analysis	of	cations	and	anions

Fig. 3.	 Separation	 for	 a	 standard	 mixture	 of	 anions	 (allsep	
anion	7u	column,	using	as	mobile	phase	a	4‑hidroxybenzoic	acid	
4mM solution with pH-ul adjusted to 7.5 with lioH 0.1M, the 
flow rate being 0.85 ml min–1)

Fig. 4.	 Separation	for	a	standard	mixture	of	cations	(Universal	
Cation 7u column, using as mobile phase a 3 mM Hno3 solu‑
tion, the flow rate being 0.5 ml min–1)

Table i
results of regression analysis for calibrations

 anion
 Linearity 

Regression equation R  range [ppm]
 F– 4.02–20.10 C  =  0.000130278a + 0.83973 0.9978
 Cl– 20.40–102.00 C  =  0.000117938a – 0.523926 0.9997
 no2– 20.20–101.00 C  =  0.000156194a + 0.11461 0.9997
 Br– 20.00–100.00 C  =  0.000230581a + 1.34467 0.9995
 no3– 20.00–100.00 C  =  0.000214872a + 0.28929 0.9999
 Po4

3– 40.00–200.00 C  =  0.00023591a – 0.68846 0.9994
 So4

2– 9.94–79.52 C  =  0.0001677a – 1.1364 0.9994
 Li+ 0.99–4.99 C  =  0.00000262a – 0.7806 0.9993
 na+ 4.06–20.30 C  =  0.000015644a – 2.12366 0.9997
 nH4

+ 10.30–50.60 C  =  0.000015822a + 1.04561 0.9999
 K+ 5.02–25.10 C  =  0.000000898a + 0.62187 0.9997
 Ca2+ 5.04–25.20 C  =  0.000000475a + 0.41618 0.9998
 mg2+ 10.18–50.90 C  =  0.000011512a + 1.09553 0.9998

Fig. 5.	 calibrations	for	the	reported	anions
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From the 13 quantifiable ions, only eight were found 
in the analyzed water samples: na+, K+, nH4

+, mg2+, Ca2+, 
Cl–, no3

–, Po4
3– and So4

2–, within a concentration range of 
6.64 ppm (for K+) to 346.27 ppm (for So4

2–). Calibrations for 
these ions are presented in figures 5 and 6.

Table ii provides information on the anion concentra-
tion while Table iii reveals the cation concentration from the 
investigated surface waters.

The higher nitrate concentration in the draw well is 
due to the fact that a relatively high nitrate concentration is 
a general characteristic for underground water resources in 
Fizes catchement; this catchement has substantial diffusion 
pollution sources originated by manure and animal bree-
ding. The chloride concentration ranges from 27.53 ppm (in 
a spring located near Tăul Popii lake) to 191.53 ppm (Fizes 
river), possible to explain due to the geological substrate of 
the area, salt being present as outcrops in the lower part of the 
catchement. The sulfate concentration was high in all sam-
ples, ranging from 63.69 ppm (in Stiucii lake) to 347.26 ppm 
(in Cătina lake). 

all the concentration values are consistent with the 
general geological composition of the area. Slightly different 
values measured in different points of water surface sampling 
points in the same collector (Fizes valley) stream could be 
explained as consequence of normal variation due to different 
water contact duration among the watershed, during precipi-
tation events.

conclusions
This research revealed the state of the water quality 

and also clarified some aspects related to the process of self 
purifications of the water system in the considered area. The 
upstream ponds retain most of the sediment and pollutants 
through mechanisms of sedimentation and self-purification, 
most of the pollution sources being also located in the upper 
part of the catchement. 

Data gathered will serve as beneficial experience for 
future rehabilitation measures. Using the proposed IC confi-
guration, the laboratory productivity increases much, as there 
is no longer necessary to prepare two sample sets – one for 

Fig. 6.	 calibrations	for	the	reported	cations

Table iii
The anions’ concentrations in the studied water sources (mean 
values ± Sd)

 Location Cl– [ppm] no3
– [ppm] So4

2– [ppm]
 draw well near 66.99 ± 3.29 79.97 ± 3.97 343.28 ± 17.14
 Tăul Popii lake
 Spring near 27.53 ± 1.39 – 141.17 ± 7.03
 Tăul Popii lake
 Cătina lake  66.54 ± 3.37 25.63 ± 1.21 346.27 ± 17.31
 Geaca lake 57.21 ± 2.81 23.69 ± 1.15 264.03 ± 13.29
 Ţaga lake 94.11 ± 4.70 23.02 ± 0.93 279.85 ± 13.85
 ştiucii lake 60.28 ± 2.96 – 63.69 ± 2.91
 Fizeş river 191.53 ± 9.46 – 254.32 ± 12.62
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anion analysis, the other for cation analysis. With one inje-
ction, the autosampler introduces the sample in both analysis 
channels.The method has potential to be used in water quality 
surveys in the purpose of correlating diffuse pollution inputs 
with changes in water quality. Specific self purification pro-
cesses can also be operatively estimated.
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Table iii
The cations’ concentrations in the studied water sources (mean values ± Sd)

 Location na+ [ppm] nH4
– [ppm] K+ [ppm] mg2+ [ppm] Ca2+ [ppm]

 draw well near 121.60 ± 6.03 15.28 ± 0.73 20.96 ± 1.03 108.05 ± 5.33 76.17 ± 3.80
 Tăul Popii lake
 Spring near 25.93 ± 1.26 12.02 ± 0.51 6.64 ± 0.30 69.27 ± 3.42 65.43 ± 3.25
 Tăul Popii lake
 Cătina lake  168.31 ± 8.41 12.31 ± 0.44 15.54 ± 0.72 156.96 ± 7.79 76.27 ± 3.73
 Geaca lake 158.05 ± 7.84 14.62 ± 0.70 17.52 ± 0.86 151.21 ± 7.53 71.25 ± 3.48
 Ţaga lake  103.47 ± 5.15 13.03 ± 0.63 19.15 ± 0.94 104.22 ± 5.19 54.07 ± 2.65
 ştiucii lake 28.79 ± 1.40 12.65 ± 0.59 18.43 ± 0.90 18.80 ± 0.93 9.10 ± 0.41
 Fizeş river 275.94 ± 13.78 11.11 ± 0.36 15.52 ± 0.74 142.90 ± 7.17 74.97 ± 3.74
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introduction
Polybrominated diphenyl ethers (PBdEs) represent 

an important class of brominated flame retardants (BFRs) 
which are widely used in various consumer products such as 
electronic equipment, textiles and plastics1. These chemicals 
are highly persistent and bioaccumulative what leads to their 
ubiquitous occurrence in the environment2, both in abiotic 
and biotic matrices.

Compared to major group of organohalogenated persis-
tent organic pollutants (PoPs) such as polychlorinated biphe-
nyls (PCBs), the levels of PBdEs in respective environmental 
compartments are typically lower by one order of magnitude. 
on this account, low detection limits (Lods) are needed for 
their reliable control.

Gas chromatography coupled to mass spectrometry  
(GC/mS) operated in either electron ionization mode (Ei) 
or in negative chemical ionization (nCi) are commonly 
employed analytical procedures of determination these com-
pounds3. in nCi mode monitoring of abundant bromine ions 
(m/z 79 and 81) provides a more sensitive and selective option 
compared to Ei. nowadays, comprehensive two-dimensional 
(orthogonal) gas chromatography coupled to time-of-flight 
mass spectrometry (GC × GC/ToFmS) has become another 
challenging alternative to analyze very complex PBdEs mix-
tures4.

in any case, achieving low Lods is also associated with 
the amount of sample introduced into GC system. The most 
commonly used gC injection technique for PBDEs is a split-
less injection mode3, however, several studies were reported 
a possibility to employ a large-volume programmed-tempe-
rature vaporizer injection (PTv) in the determination of these 
compounds5.

This paper presents the method performance characte-
ristics obtained in several gC systems used for quantification 
of PBdEs.

experimental
For our experiments a standard mixture of most common 

PBdE congeners (BdEs no. 28, 47, 49, 66, 85, 99, 100, 153, 
154 and 183) purchased from accuStandard inc. (USa) was 
used. The real-life sample containing trace amount of PBdEs 
was a purified extract obtained from fish tissue by procedure 

described by Hajšlová et al.6. To assess Lods achievable 
under various GC conditions following set-up were tested:

PTv-GC/mS (Ei),
PTv-GC/mS (nCi),
GC/ToFmS (Ei),
PTv-GC/ToFmS (Ei).

P T v - G C / m S  ( E i )  a n d  P T v - G C / m S 
( n C i )

GC/mS analyses were performed on an agilent 6890n 
gas chromatograph coupled to a mass selective detector 
(Agilent 5975XL Inert MSD) equipped with quadrupole 
analyzer operated in nCi or Ei mode using splitless or PTv 
injection. The GC conditions were as follows: a dB-XLB 
capillary column (15 m × 250 μm i.d. × 0.1 μm, J&W Scien-
tific); a oven temperature program: from 105 °C (held for 
vent time) to 260 °C (held for 1 min) at 50 °C min−1 then to 
300 °C at 20 °C min–1 and held for 3 min; carrier gas: helium 
with constant flow 1.5 ml min−1. The mS was operating in the 
selected ion monitoring (Sim) mode (monitored ions were 
m/z 79, 81, 159, 161 and m/z 406, 484, 564, 484, 562 for 
nCi and Ei mode, respectively). The mS (nCi) parameters 
were as follows: reagent gas: methane; temperatures of mSd 
interface, ion source, and quadrupole: 280 °C, 150 °C, and 
150 °C, respectively. The temperatures of mSd interface, 
ion source and, quadrupole for MS (EI) system were 280 °C, 
230 °C and, 150 °C, respectively.

Four parameters for PTv injection were tested: vent 
time (VT), vent flow (VF), injection volume (IV) and split-
less period. Starting injection temperature was 50 °C (held 
4.6 min) and it was ramped to 350 °C at 500 °C min–1.

G C / T o F  m S  a n d  P T v - G C / T o F  m S
The analyses were performed on a Pegasus 4d instru-

ment (Leco, USa) consisting of an agilent 6890n gas chro-
matograph equipped with splitless and/or PTV injector and 
a Leco Pegasus III high-speed time-of-flight mass spectro-
meter.

The same, dB-XLB capillary column was used for 
determination of analytes. The GC conditions were simi-
lar to PTv–GC/mS system. The interface temperature was 
280 °C. The MS acquisition rate was 11 Hz, the mass range 
35–850 amu, the ion-source temperature 300 °C, and the de-
tector potential –1875 v.

results
In the first part of this study, the implementation and opti-
malization of a PTv injection coupled with GC/mS (Ei and/
or nCi mode) was realized. a solvent standard solution of 
above mentioned PBdE congeners was used for optimaliza-
tion PTv injection conditions. optimal parameters assessed 
by the comparison of a peak height of individual analytes 
were as follows: 

vent time: 90 s 
vent flow: 60 ml min–1 

•
•
•
•

•
•
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injection volume: multiple injection 2 × 10 μl
splitless period: 2 min.

The repeatability of the PTv–GC/mS injection, 
expressed as a relative standard deviation (rSd, n  =  10) 
ranged from 3.8 to 6.3 % and 3.8 to 10.3 % for nCi and Ei 
mode, respectively. Similar rSd values for multiple injecti-
ons were obtained (3.8–9.2 % and 1.7–10.8 % for nCi and 
EI mode, resp.) were determined for spiked fish lipid extract 
(1 ng g–1 lipid weight).

LODs calculated as a quantity of analyte that generates 
a response 3-time higher than the noise level of the detection 
system (based on the injection of solvent standard solution 
mixture) are summarized in Table i. LoQs were the mini-
mum concentrations of analytes that was possible to quantify 
with acceptable accuracy and precision. Under these condi-
tions, the LoQ was the lowest calibration level and corre-
sponded for particular analyte to 3 × Lod. Generally, in nCi 
mode, significantly lower LODs were obtained compared to 
EI mode. On the other hand, the identification of individual 
PBdEs was only based on their retention times. PBdEs are 
eluted in order of increasing bromine number and intensity 

•
•

of appropriate responses was obtained in following order in 
case of GC/mS (nCi) system: BdE 28  >  BdE 49  ~  BdE 
47   ~  BdE 66  ~  BdE 100  >  BdE 99  ~  BdE 85  ~  BdE 
154  ~  BdE 153  >  BdE 183 (see Fig. 1.). Similar chroma-
togram obtained by PTv-GC/ToFmS (Ei) is documented  
in Fig. 2.

Table I shows a significant reduction of LODs by almost 
one order of magnitude (to values 0.01–0.06 ng ml–1 by the 
use of PTV which allowed introduction of 1–250 µl of sam-
ple (only 1–5 µl were injected by pulsed splitless).

PTv–GC/ToFmS provide Lods similar to PTv–GC/
mS (Ei) and values were ranged from 0.3 to 1.5 ng ml–1. The 
main advantage of this technique is availability of full mass 
spectral information for all sample components, i.e. confir-
mation of target analytes.

conclusions
in the present work, Lods of individual PBdE con-

geners were reduced using various GC systems in analysis 
of these analytes in various matrices such as environmental 
samples (fish muscle, sediment etc.). Four different injection 

Table i
Lods of individual PBdE congeners [ng ml–1 isooctane] for the gC/MS techniques tested

 analyte GC/mS (Ei) GC/mS (nCi) PTv–GC/mS (Ei) PTv–GC/mS GC/ToFmS (Ei) PTv–GC/ToFmS  (splitless) (splitless)  (nCi)
 BdE 28 1.0 0.05 0.1 0.01 2.3 0.3
 BdE 47 1.0 0.1 0.1 0.01 3.1 0.6
 BdE 49 1.0 0.1 0.1 0.01 2.5 0.4
 BdE 66 1.0 0.1 0.1 0.01 3.7 0.6
 BdE 85 2.0 0.2 0.3 0.01 1.3 0.7
 BdE 99 1.5 0.1 0.3 0.01 3.0 0.4
 BdE 100 1.5 0.1 0.1 0.01 0.6 0.6
 BdE 153 5.0 0.1 0.6 0.02 3.2 0.9
 BdE 154 3.5 0.1 0.3 0.02 2.5 0.7
 BdE 183 3.0 0.2 0.2 0.06 7.1 1.5

Fig. 1.	 chromatogram	of	mixed	standard	of	PbDes	obtained	
by	gc/mS	(nci)

Fig. 2.	 chromatogram	of	mixed	standard	of	PbDes	obtained	
by	Ptv–gc/tofmS	(ei)
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techniques, three of them employing PTV, were tested in our 
study.

generaly, the nCI mode provided signifficantyl lower 
Lods compared with Ei mode coupled to all tested GC/
mS system.
The lowest Lods were obtained by GC/mS coupled to 
the PTv injection operated in nCi mode, under these 
conditions large quantity of analytes without solvent 
(due to PTv injection) and high selectivity for bromine 
ions (due to mS-nCi mode) could be performed. 
PTv-GC/ToFmS employing splitless injection provi-
ded similar results in comparison with GC/mS (nCi) 
using splitless injection.

This study was undertaken within the projects MSM 
6046137305 and NPV II (2B06151) both supported by the 
Ministry of Education, Youth and Sports of the Czech Republic. 

•

•

•
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introduction
anodic stripping voltammetry (aSv) and its variants are 

the most sensitive electroanalytical techniques employed for 
trace heavy metal analysis. mercury electrodes have been wi-
dely used for aSv due to their ease of use and compatibility 
with a number of heavy metal species. recently, however, 
there are major concerns regarding the use of mercury in the 
laboratory because of hazards it poses to humans and other 
living organisms. Prompted by environmental issues, some 
of the applications of modified carbon paste electrodes (CPE) 
are aimed at the development of mercury-free electrodes for 
aSv1. in this paper, we investigated the use of pectic acid as 
a modifier for CPE and its utilization for the analysis of some 
representative heavy metal species.

Pectic acid, also known as polygalacturonic acid, is a 
natural polymer found in citrus rinds. it consists of chains of 
300 to 1000 units of galacturonic acid monomer joined with 
α 1 → 4 linkages. When incorporated in a CPE, the exposed 
carboxylic acid groups are responsible for the accumulation 
of heavy metal ions on the electrode surface presumably th-
rough ion-exchange or complex-formation processes.

The aim of this study is to fabricate pectic acid-modified 
CPE and examine various experimental conditions that affect 
the analytical signal when used as a working electrode for the 
ASV of mercury, lead and cadmium in aqueous samples.

experimental
Pectic acid isolated from orange peel was obtained from 

Fluka and used without further purification. Mineral oil, 
graphite powder were purchased from Sigma-aldrich while 
1,000-ppm standard solutions of Hg (ii), Pb (ii) and Cd (ii) 
were from Sharlau (Spain). all other chemicals used were at 
least ar grade.

all electrochemical experiments were carried out using 
a BaS 100B Electrochemical System (Bioanalytical System) 
in the Osteryoung square wave stripping voltammetry mode 
(oSWSv) or cyclic voltammetry (Cv) utilizing ag/agCl 
reference electrode and a Pt wire counter electrode.

Modified carbon paste was prepared by thoroughly 
mixing 4 : 1 (w/w) ratio of graphite powder to powdered 
pectic acid and enough mineral oil to form a paste typical 
for conventional CPEs. a portion of prepared paste was then 
tightly packed on the cavity (2-mm dia.) of previously cut 
200-ml pipette tip where a copper rod was inserted on the 
other end to establish electrical contact.

The modified CPE was first immersed in a sample solu-
tion containing the heavy metal ion being analyzed. after a 
predetermined period of time, referred to as accumulation 
time, the electrode was removed from the sample and rin-
sed thoroughly with water. The electrode was then transfer-
red into a voltammetric cell containing deoxygenated 0.1m 
HCl for ASV. The accumulated metals were first reduced by 
applying a sufficiently negative potential of –800 mV for 
60 s, then re-oxidized while anodically scanning the poten-
tial. The peak-type I-E plots resulting from the anodic scan 
were recorded and evaluated.

results	and	Discussion
P r e l i m i n a r y  S t u d i e s

Cyclic voltammetric experiments revealed that pectic 
acid-modified CPE possesses a useful potential window 
ranging from –900 mv to 1200 mv relative to the ag/agCl 
reference electrode when the supporting electrolyte used was 
deoxygenated 0.1m HCl. Preliminary investigations also 
showed that Cd, Pb and Hg undergoes redox transformations 
at about –690, –470 and +100 mv, respectively, using the 
above CPE and electrolyte combination. in principle, these 
metal species may be simultaneously detected and conveni-
ently analyzed with well resolved analytical peaks using the 
modified CPE.

i n d i v i d u a l  a n a l y s i s
results of aSv experiments using laboratory prepared 

solutions containing a single metal species are consistent 
with the literature2,3. For all the three heavy metal species, 
as the concentration increases or the accumulation time is 
prolonged, the peak current also increases in a linear fashion 
until such an instance where current signal plateaus and fur-
ther increase in concentration or accumulation time does 
not anymore amplify the peak height. This is due to the fact 
that the higher the concentration or the longer the electrode 
is immersed into the solution containing the analyte; more 
metal ions are able to accumulate on the surface, which con-
sequently provides a higher current. Saturation point is attai-
ned when the active sites for metal accumulation are maxi-
mized resulting to levelling of current response. Using an 
accumulation time of 2 min and other parameters described in 
the experimental section, the sensitivities and detection limits 
are reported in Table i. Sensitivities were calculated from the 
slopes of individual calibration curves within the linear dyna-
mic range while detection limits (Lod) were estimated based 
on three times the standard deviation of the blank. Further 

Table i
Analytical data for pectic acid-modified CPE

 metal Sensitivity Lod LoL
  [μA ppm–1] [ppm] [ppm]
 cadmium 20 0.25 20
 lead 50 0.15 50
 mercury 10 0.40 50
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improvements in Lod and limits of linearity (LoL) were 
observed upon increasing or decreasing the accumulation 
time, respectively.

S i m u l t a n e o u s  a n a l y s i s
When two or three metals studied in this project are pre-

sent in the same solution, well resolved peaks with characte-
ristic potentials corresponding to specific metal species are 
observed as shown in Figs. 1., 2. and 3.

although linearity between peak height and concent-
ration is maintained, careful inspection of individual peaks 
revealed that sensitivity decreases when the three metal ions 
co-exist. moreover, as the concentration of one metal incre-
ases, the current signal for the other two decreases. This is 
presumably due to competition for binding sites among the 
metal ions and their varying affinities to carboxylate groups 
in pectic acid. 

Acknowledgement (This work has been supported by the 
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Fig. 1. asV for solutions containing 1 ppm Pb, 3 ppm Hg and 
varying Cd: (a) 1, (b) 3, (c) 5, (d) 10 ppm

Fig. 2. asV for solutions containing 1 ppm Cd, 3 ppm Hg and 
varying Pb: (a) 1, (b) 3, (c) 5, (d) 10 ppm

Fig. 3.	 aSv	for	solutions	containing	1	ppm	cd,	1	ppm	Pb	and	
varying Hg: (a) 3, (b) 5, (c) 10, (d) 20 ppm
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introduction
The chemical analysis of biomedical samples (bodily 

fluids, tissues) aimed at revealing exposure to toxic chemi-
cals (TCs) can be directed to the following targets:

(i) TCs themselves, when their metabolism is slow 
enough,

(ii) Low-molecular metabolites of TCs, 
(iii) High-molecular adducts of TCs with proteins.
right choice of target (marker) with account for the life 

cycle of a TC (adsorption–distribution – metabolism – excre-
tion) predetermines success of analysis. The targets (i) and 
(ii) are more convenient to determine by conventional GC-
mS methods but are unsuitable for retrospective analysis in 
view of their short life time in the organism. We developed 
procedures for the determination in biomedical samples of all 
the three groups of biomarkers of TCs.

results	and	Discussion
direct analysis of a TC in biomedical samples was con-

sidered to be a rational approach in toxicokinetic research 
on fluoroacetic acid, one of the most potent metabolic poin-
sons (Faa). Salts of Faa are still used in some countries for 
rodent population control; deadly poisoning of humans and 
farm animals was also described. at our laboratory, proce-
dures for the determination of o-alkyl esters of methylphos-
phonic acid (low-molecular metabolites of organophospho-
rus warfare agents, oPWas) and thiodiglycol (metabolite of 
sulfur mustard) were also developed. These metabolites are 
products of both biogenic and abiogenic hydrolysis of the 
parent agents, and, therefore, their determination in environ-
mental samples is actual for retrospective analysis aimed at 
establishing the fact and degree of environmental pollution 
with the corresponding agents. of particular importance for 
forensic analysis are universal procedures suitable both for 
water and for biological fluids. We developed universal pro-
cedures for the determination of Faa, methylphosphonic acid 
(mPa), ethyl mPa (marker of vX), isopropyl mPa (marker 
of sarin), isobutyl mPa (marker of russian vX), pinacolyl 
mPa (soman marker), and thiodiglycol in water, urine, and 
blood plasma.

For retrospective establishment of exposure to TCs, 
procedures for the determination of reactivation products 
of blood plasma butyryl cholinesterase (BChE) inhibited by 
oPWas and of thiodiglycol isolated by alkaline hydrolysis 
from albumin adducts. These procedures all are based on GC/
mS combined with solid-phase microextraction (SPmE).

Solid-phase microextraction is a unique method that 
allows one to combine on a single stage extraction from a 
matrix, concentration, and injection of a sample. SPmE off-
ers a great advantage of analyzing the whole sample rather 
than its aliquot, and, therefore, is more than about an order 
of magnitude more sensitive compared with traditional sepa-
ration and concentration methods. SPmE poses no threat of 
contamination of a GCmS system by matrix components. of 
key importance for successful SPmE analysis is right cho-
ice of microfiber, conditions for sorption (temperature, time, 
sample mixing mode, ionic strength of analyzed solution) 
and desorption (temperature, delay time).

Therefore, in developing an SPmE procedure, one 
should optimize the following parameters:

Type of microfiber
Sorption and thermodesorption temperatures of target 
analytes
Sorption and thermodesorption times
ionic strength of the solution.

Before GC/mS analysis nonvolatile target compounds 
were derivatized either in situ with subsequent concentration 
of the volatile derivative on microfiber (analysis for FAA) 
or directly on microfiber with vapors of derivatizing agents 
(analysis for mPa and its o-alkyl esters).

in what follows we schematically represent certain of 
the mentioned procedures. Fig. 1. shows the block scheme of 
the determination of sodium fluoroacetate in various media. 
In view of the fact that the volatile derivative, ethyl fluoroa-
cetate, is sampled from equilibrium vapor, the sample matrix 
scarcely affects the results of analysis. The developed proce-
dure is universal and can be applied both for control of drin-
king water and for toxicokinetic and forensic investigations.

The detection limits are 0.001 mg ml–1 for drinking 
and natural waters, 0.01 mg ml–1 for blood plasma, and 
0.01 mg ml–1 for organ homogenates (without recounting for 
dry weigh). The procedure is described in detail in ref.1.

For the determination of the low-molecular metaboli-
tes of organophosphorus warfare agents, mPa and its alkyl 

•
•

•
•

Fig. 1. Block scheme of the unified procedure for the determi‑
nation of sodium fluoroacetate in water and biomedical samples 
by	SPme‑gcmS
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esters, in urine we suggested a procedure involving extrac-
tion of the analytes on microfiber, their silylation with N-tert-
butyldimethylsilyl-N-methyltrifluoroacetamide (MTBSTFA) 
directly on microfiber, thermodesorption of the resulting deri-
vatives in a hot GC injector, GC separation, and mS detection 
in the SIM mode. Three types of microfibers of various pola-
rities were tested: 50/30 µm DVB/Сarboxen/PDMS, 85 µm 
Сarboxen/PDMS, and 70 µm Carbowax/DVB (Fig. 1.). The 
best results were obtained on the first microfiber.

Unlike certain related techniques, SPME provides a 
unique possibility for experimenting with various types of 
microfibers differing from each other in chemical nature and 
micropore size. development of an SPmE procedure always 
begins with searching for an optimal microfiber. This process 
is illustrated in Fig. 2.

In vivo animal (rats) experiments gave evidence for the 
possibility of revealing exposure to OPWAs at the ≥0.5 LD50 
level within no less than 48 h after exposure. Urinary meta-
bolites of oPWas could, in principle, be detected within two 
weeks after exposure, but even if sufficiently high doses of 
oPWas were applied. The procedure is schematically repre-
sented in Fig. 3 and described in detail in ref.2.

For retrospective establishment of exposure to oPWas 
we developed an SPmE-GCmS procedure based on reactiva-
tion of inhibited BChE (Fig. 4.). reactivation of blood BChE 
inhibited by OPWAs by the action of fluoride ion gives rise 
to the parent compounds in the case of g-type agents or fluo-
roanhydrides in te case of v-type agents. SPmE is especially 
efficient in this case, since the reactivation products are trap-
ped by microfiber and thus eliminated from the reaction zone, 
which drives the reactivation process. Soman is best retained 
by microfiber. In should be noted that the developed proce-
dure is feasible for the determination of total soman and for 
the separate determination of reactivated and intact soman.

conclusions
Procedures for the determination in biomedical samples 

of biomarkers of TCs have been developed. For fluoroace-
tic acid, the detection limits are 0.001 mg ml–1 for drinking 
and natural waters, 0.01 mg ml–1 for blood plasma, and  
0.01 mg g–1 for organ homogenates (without recounting for dry 

weigh). For organophosphorus warfare agents, the detection 
limits in the analyzed sample volumes are 0.01 mg dm–3 for 
sarin and 0.002 mg dm–3 for soman. The analysis time (inclu-
ding sample preparation) is 2.5 h. Exposure to oPWas by the 
results of analysis for inhibited BChE reactivation products 
can be revealed within 2 and more weeks after intoxication 
with high doses.
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Fig. 2. efficiency of various microfibers for the determination 
of	mPa	and	o‑amPas	as	tert‑butyldimethylsilyl	derivatives

Fig. 3.	 block	scheme	of	the	procedure	for	the	determination	of	
o‑amPas	in	urine	by	SPme‑gcmS

Fig. 4.	 block	 scheme	 of	 the	 determination	 of	 blood	 plasma	
bche	reactivation	products	by	SPme‑gcmS
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introduction
multi-walled carbon nanotubes (mWCnTs) are a novel 

carbon material, repeatedely discussed in the literature for 
the solid phase extraction (SPE) of several organic contami-
nants.1–3

in this paper a sensitive method was developed for the 
determination of six commonly sulfonamides (Sas) in water 
by SPE using mWCnTs as adsorbent. Final analysis was car-
ried out by HPLC coupled with fluorescence detection.

experimental
r e a g e n t  a n d  W a t e r  S a m p l e s

Sulfadimethoxine (Sdm), sulfadiazine (SdZ), sulfa-
methoxazole (SmX), sulfamerazine (Smr), sulfanilamide 
(SnA), sulfaguanidine (Sgn) and fluorescamine were obtai-
ned from Sigma-aldrich. mWCnTs were purchased from 
institute for research and development of isotopic and 
molecular Technologies Cluj-napoca, romania. deionized 
and redistilled water was prepared on milli-Q Plus (milli-
pore). acetonitrile, ortophosphoric acid (H3Po4) and dipo-
tassiumphosphate (K2HPo4) were purchased from merck. a 
river water sample was collected from Somes (Cluj-napoca) 
and filtered through 0.45 μm nylon membrane and stored at a 
temperature of 4 °C.

C h r o m a t o g r a p h i c  S y s t e m  a n d 
C o n d i t i o n s

all experiments were carried out by using Shimadzu vP 
Series liquid chromatograph equipped with a degasser and 
a mixer of mobile phase. A fluorescence (FL) detector FR-
10 aXL with excitation wavelength of 405 nm and emission 
wavelength of 495 nm was used to analyse the tested solu-
tions. Chromatographic separation was performed on a all-
tima RP C-18 column (250 mm × 4.6 mm, 5 μm). gradient 
elution with a mixture of acetonitrile (solvent a) – phosphate 
buffer pH 3.5 (solvent B) at a flow rate of 1 ml min–1 was 
applied. The initial gradient conditions were: 65 % solvent B 
for the first 25 min, decreasing to 50 % in 25 min, finally it 
was brought back to 65 % in 5 min and held for 5 min until 
the next injection. 

E x t r a c t i o n  P r o c e d u r e
The cartridge packed with 200 mg mWCnTs was pre-

pared in a 6ml polypropylene syringe and the sorbent was 
retained by two polyethylene frits. The solutions (water 
sample or water sample spiked with analytes) adjusted to 
pH 6 were loaded at a flow rate of 4 ml min–1.Then, Sas 
were eluted using a mixture of 3 ml ammonium acetate 
water solution (0.2m) and 6 ml acetonitrile.The eluate was 
evaporated to about 3 ml under nitrogen stream in a 35 °C 
block heater. Then 3 ml of methylene chloride was added and 
each samples was mixed and separated. The lower layer was 
evaporated to near dryness. The extract was reconstituted in 
1.0 ml mobile phase. The analytes were quantified by HPLC 
with a pre-column derivatization with fluorescamine (400 μl 
of sample + 400 μl of fluorescamine 0.1 %).The whole solu-
tion was mixed with a vortex mixer. The sample was filtered 
through a 0.45 μm nylon filter and after standing for 30 min 
at ambient temperature was ready for analysis.

results
The effect of the pH was investigated over the range of 

pH 4–8 and it was found that the pH of sample solutions in 
the whole range nearly had no influence on the extraction of 
Sas.

To investigate the influence of sample volume, different 
volumes of pure water were spiked with a constant mass of 
0.25 μg of each analyte. It was found that the recoveries of 
Sas
decreased slightly with the increase of sample volume. When 
the volume was 200 ml, the recoveries of 55–93 % were 
obtained for the six Sas. 

For elution of Sas we selected a mixture of ammonium 
acetate and acetonitrile 1 : 2 (v/v) and better recoveries were 
obtained when eluent volume amounted to 9 ml. 

The results of the linearity of Sas determined under the 
optimized conditions and using 200 ml of spiked pure water 
are reported in Table i. The linearity of each compound mea-
sured by HPLC method was good from 0.05 to 5 ng ml–1.

The correlation coefficient of the calibration curves were 
above 0.999. 

The recoveries of analytes were evaluated using 200 ml 
of environmental water samples (Somes river) spiked with 

Table i
retention time (tr) and linearity of Sas

 Sulfonamide tr [min] ba ab

 SmX 11.23 21.694 0.564
 Sna 17.69 20.944 0.574
 SdZ 20.43 9.402 0.245
 Smr 22.94 16.644 –0.192
 SGn 42.32 8.021 0.071
 Sdm 46.68 5.560 0.104
ba: Slope
ab: intercept 
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the mixture of Sas at 0.25 and 2.5 ng ml–1 and enriched and 
analyzed by this system. The results are listed in Table ii.

The chromatogram of the river water sample spiked with 
Sas is shown in Fig. 1.

conclusions
The HPLC method with fluorescence detection charac-

terized by a good reliability for quantitative determination of 
six different kinds of Sas from environmental samples has 
been developed. The results showed that mWCnTs could be 
used as a potent SPE sorbent for Sas.

This work has been supported by the Natio-nal Autho-
rity for Scientific Research of Romania, CEEX project no. 
62/2006.
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Table ii
recoveries of Sas spiked water samples (n  =  3)

 Sulfonamides Spiked [ng ml–1] recovery [%]
 SmX 0.25 57 ± 5.2
  2.5 55 ± 6.4
 Sna 0.25 74 ± 7.3
  2.5 73 ± 6.8
 SdZ 0.25 82 ± 4.3
  2.5 77 ± 3.7
 Smr 0.25 58 ± 5.4
  2.5 56 ± 7.6
 SGn 0.25 93 ± 4.1
  2.5 88 ± 6.9
 Sdm 0.25 87 ± 2.5
  2.5 79 ± 5.3

Fig. 1. sPe-lC-fl chromatogram of river water sample 
spiked with 2.5 ng ml–1of each compound. (1) sMx; (2) sna; (3) 
SDz;	(4)	Smr;	(5)	Sgn;	(6)SDm
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introduction
Soil contamination with anthropogenic heavy metals, 

which mainly comes from industrial activity, atmospheric 
deposition and land application of sewage sludge, has rece-
ived much attention in the recent years. The anthropogenic 
heavy metals are to be easily accumulated in the topsoil1, 
resulting in potential problems such as toxicity to plants and 
animals1,2, accumulation in food chain, perturbation of the 
ecosystem and adverse health effects4,5. metals, which are 
significantly toxic to human beings and ecological environ-
ment, include chromium (Cr), cooper (Cu), lead (Pb), mer-
cury (Hg), zinc (Zn), manganese (mn), cadmium (Cd), nickel 
(ni), arsenic (as) and iron (Fe), etc.6.

Contaminated soil is notoriously difficult to treat because 
the contaminants are often tightly bound to the soil particles. 
Conventional remediation technologies are becoming less 
popular due to the high treatment costs and bioremediation 
processes to improve the contaminant removal efficiency 
and cost effectiveness. However, as an innovative techno-
logy, there are many factors to be investigated with the future 
development7.

bioremediation
Bioremediation is defined as a method using living orga-

nisms, or their particles (enzymes) to reduce, eliminate, fixate 
or transform contaminants presented in the soil, in sediments, 
in waters or in the air8,9. in the bioremediation processes 
bacteria, fungi, yeasts and plants present the most imposed 
organisms. recently, the ability of algaes and planktons are 
being researched. Some technologies are based on the use 
of general or genetically modificated organisms8. Bioreme-
diation works by either transforming or degrading contami-
nants to non-hazardous or less hazardous chemicals. These 
processes are called, respectively, biotransformation and 
biodegradation. Biotransformation is any alteration of the 
molecular or atomic structure of a compound by microorga-
nisms. Biodegradation is the breaking down of organic sub-
stance by microorganisms into smaller organic or inorganic 
components9.

metal	–	microbe	interactions
microorganisms, especially bacteria, exist in complex 

biogeochemical matrices in subsurface sediments and soils9 

and are known to mediate many geochemical processes10,11. 
They can interact with metals via many mechanisms, some of 
which may be used as the basis of the potential bioremedia-
tion strategies9. microbes can mobilize metals through autot-

rophic and heterotrophic leaching, chelation by microbial 
metabolites and siderophores, and methylation, which can 
result in volatilization. Conversely, immobilization can result 
from sorption to cell components or exopolymers, transport 
into cells and intracellular sequestration or precipitation as 
insoluble organic and inorganic compounds, e.g. oxalates12,13 
sulphides or phosphates14,15.

m e t a l  m o b i l i z a t i o n
bioleaching. metals can be leached from solid matrices 

via autotrophic and heterotrophic leaching. Chemolitotrophic 
and heterotrophic bacteria have the major role.

most autotrophic leaching is carried out by chemo-
lithotrophic, acidophilic bacteria which fix carbon dioxide and 
obtain energy from the oxidation of ferrous iron or reduced 
sulfur compounds, which causes the solubilization of metals 
because of the resulting production of Fe(iii) and H2So4

16,17. 
The microorganisms involved include sulfur-oxidizing bacte-
ria, e.g., Acidihiobacillus thiooxidans, iron- and sulfur-oxidi-
zing bacteria, e.g., Acidithiobacillus ferrooxidans and irono-
xidizing bacteria, e.g., Leptospirillum ferrooxidans18,19.

in the case of oxide, carbonate and silicate ores, limits 
are set for the use of thiobacilli. For such ores, research is 
being done on the use of heterotrophic bacteria. in this case, 
metals are dissolved by organic acids, or complexing, or che-
lating agents produced by the bacteria. Heterotrophic bacte-
ria require organic supplement for growth and energy supply. 
among the bacteria, members of the genus Bacillus are most 
effective in metal solubilization19.

Siderophores are low molecular weight Fe(iii) coordi-
nation compounds that are excreted under iron-limiting con-
ditions by microorganisms, particularly bacteria and fungi, 
to enable accumulation of iron from the environment20,21. 
although primarily produced as a means of obtaining iron, 
siderophores are also able to bind other metals such as mag-
nesium, manganese, chromium (iii), gallium (iii) and radio-
nuclides such as plutonium (iv)22,23.

biomethylation of Hg, as, Se, Sn, Te and Pb can be 
mediated by a range of bacteria under aerobic and anaerobic 
conditions. methyl groups are enzymatically transferred to 
the metal, and the given species may transform a number of 
different metal(-loid)s. methylated metal compounds formed 
by these processes differ in their solubility, volatility and 
toxicity 23.

m e t a l  i m o b i l i s a t i o n
bioacumulation and biosorption. Bacteria can physi-

cally remove heavy metals from solution through association 
of these contaminants with biomass. Bioaccumulation is the 
retention and concentration of substance within an organism. 
in bioaccumulation, metals are transported from the outside 
of the microbial cell trough the cellular membrane, into the 
cell cytoplasm, where the metals are sequestred9,24. Biosorp-
tion describes the association of soluble substances with the 
cell surface. Sorption does not require an active metabolism. 
The amount of metal biosorbed to the exterior of bacterial 
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cells often exceeds the amount predicted using information 
about the charge density of the cell surface9,25.

bioprecipitation. Sulfate reduction is an example for 
the precipitation of metals ions in solution. Sulfate-reducing 
bacteria form metal sulfides that are insoluble. The stability 
of these sulfides depends on maintenance of anoxic conditi-
ons7,24, and nutrients are also inevitable. Stimulating sulfate 
reducion can increase pH also and form metal hydroxides and 
oxides that precipitate and do not migrate in soil and groun-
dwater7.

biooxidation, bioreduction. microorganisms are also 
known to oxidize and reduce metal contaminants. mercury 
and cadmium can be oxidized while arsenic and iron can 
be reduced by microorganisms. Cr(vi) can be oxidized to 
Cr(iii) that is less mobile and toxic. Bacteria such as Bacilus 
subtilis and SrB in the presence of sulfur can perform this 
reaction7.

bioremediation	technologies
according to the site, bioremediation technologies are 

divided to:
in-situ – are carried out at the place of the contamina-
tion,
ex-situ – the contaminated matter is taken off from the 
natural locality and it is consequently processed26.

Ex situ bioremediation is usually realized on the specific 
revised place or in the reactor. The pre-treating of contami-
nated matter increases the efficiency of this process26. Ex-situ 
methods have been around longer and are better understood, 
and they are easier to contain, monitor, and control. However, 
in-situ bioremediation has several advantages over ex-situ 
techniques. In-situ treatment is useful for contaminants that 
are widely dispersed in the environment, present in dilute 
concentrations, or otherwise inaccessible (e.g., due to the pre-
sence of buildings or structures). This approach can be less 
costly and less disruptive than ex-situ treatments because no 
pumping or excavation is required. Moreover, exposure of 
site workers to hazardous contaminants during in-situ treat-
ment is minimal27.

Broadly, bioremediation strategies can be further divi-
ded into natural attenuation, biostimulation, and bioaugmen-
tation strategies27.

bioaugmentation presents an addition of microorga-
nisms or their products, such as biosurfactants or enzymes28. 
Thus, inoculation of ‘specialized’ biomass may allow for 
an increased biodegradation of target pollutants as well as a 
more effective detoxification of the solid matrix29 . another 
common result of bioaugmentation is the dramatic reduction 
of remediation times30,31. indigenous or exogenous, standard 
or modified microorganisms are used32,33. Generally, they 
present mixed cultures of microorganisms, but it could be 
also pure bacterial strains adapted onto the aimed contami-
nant in the laboratory34,35.

biostimulation can be aggressive or passive, in that 
electron donors, electron acceptors, and trace nutrients can 

•

•

be injected into the environment to stimulate indigenous 
organisms to increase biomass or activity to affect the con-
taminant. Passive biostimulation techniques include simple 
infiltration galleries or simply spreading fertilizer on surface 
without any pumping or mixing25,27.

natural	attenuation relies on the intrinsic bioremedi-
ation capabilities of that environment. Environments high 
in organic carbon and energy sources, low contaminant con-
centrations, and without significant nutrient deficiencies may 
be able to degrade or transform the contaminants of concern 
without any intervention 27.

conclusions
Environmental biotechnologies with applications of 

bacteria are eco-friendly and cost effective. They present 
natural technologies for treatment of toxic metals from soil. 
The following development is desirable, because of the high 
specificity and the time-consuming of biological processes 
and because of the difficulty to control them.
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introduction
Phthalates, ubiquitous food and environmental contami-

nants, are the most frequently used plasticizers for PVC. Due 
to the widespread use of plasticized PvC for a vast number 
of technical purposes and for some food contact materials, 
the phthalates are produced in huge amounts. Several million 
tons of phthalates are used per year worldwide in the produ-
ction of soft polyvinyl chloride and other plastics. Phthalates 
are not chemically bound in to the products and are released 
continuously into the air or leach from the products1. The 
migration of phthalates from packaging materials containing 
these compounds to fatty foodstuffs is a well-known source 
of food contamination2. major and most toxic phthalic acid 
esters (PaEs) associated with food are di-2-ethylhexyl phtha-
late (dEHP) and di-n-butyl phthalate (dBP). PaEs entering 
the human body are rapidly hydrolyzed to the monoesters and 
than metabolized and excreted with urine and feces1. 

PaEs are considered highly hazardous to human health 
because they disrupt the hormonal balance and impair repro-
duction and development. Some of them are considered as 
potential carcinogens, teratogens and mutagens. additionally, 
phthalates are suspected to trigger asthma and dermal disea-
ses in children. The main objective of the present work is to 
investigate the real content of dEHP and dBP in samples of 
chicken’s muscle, skin, fat and liver3.

experimental
m e t h o d s

Phthalates content measurement in lyophilisated chic-
ken tissues is made in four separate steps, where every sam-
ple is analyzed in parallel which brings additional measure-
ment correctness check. Blank is important for glass cleaness 
check and to specify chromatography background. First 
step consists of fat extraction from tissues using mixture of 
organic solvents (acetone : hexane; 1 : 1). in second step, af-
ter dissolving co-extracts in mobile phase (dichlormethane:
cyclohexane; 1 : 1), they are separated by Bio-Beads S-X3 
gel-permeation chromatography. Third step comprise of cle-
aning of eluate with usage concentrated sulfuric acid. High 
performance liquid chromatography on Separon SgX C 18 
with Uv detection at 224 nm was last, fourth step. The mobile 

phase was acetonitrile – water (1 : 1) pumped at a flow-rate 
of 1.0 ml min–1. retention time of dBP was ca. 3.5 min. and 
dEHP ca 8 min.

m a t e r i a l s
32 chickens roSS 308 were used in our work. Chickens 

were separated into four groups of eight Chickens depending 
on ingredients in feeding mixture. Chickens in second group 
were fed common feeding mixture fortificated by 3% cole-
seed oil with low phthalate content into Br2 and 5% into 
Br3. in this case, vegetative oil was stored in the tin con-
tainer. Common feeding mixture with 3% coleseed oil with 
high phthalate content added into Br2 and 5% into Br3 was 
fed by third group. Coleseed oil for third group was stored in 
plastic wrapping. The fourth group was comprised by chic-
kens fed by routine feeding mixture with addition 3% animal 
fat into Br2 and 5% into Br3. 42 days old chickens were 
butchered and their muscles, skin, fat and liver were used for 
making samples for analysing. Samples were lyophilisated 
and before next analysing were hold in freezer in –18 °C. 
Table i illustrates contents of both phthalates in feeding mix-
ture used in our work.

results
Figs. 1.–4. represents chickens separated into four groups 

groups depending on kind of ingredients in feeding mixture. 
Each figure expresses average value of contents DEHP and 
dBP in edible part of chicken’s body. Fig. 1. demonstrates 
real average contents of phthalates in muscle (0.35 mg kg–1 

dEHP; 0.22 mg kg–1 dBP), skin (1.18 mg kg–1 dEHP; 
0.36 mg kg–1 dBP), fat (1.36 mg kg–1 dEHP; 0.47 mg kg–1 

dBP) and liver (0.16 mg kg–1 dEHP; 0.02 mg kg–1 dBP) in 
group of chickens fed by common feeding mixture without 
phthalate addition. Findings in muscle (0.08 mg kg–1 dEHP; 
0.08 mg kg–1 dBP), skin (1.10 mg kg–1 dEHP; 0.51 mg kg–1 

dBP), fat (1.92 mg kg–1 dEHP; 0.49 mg kg–1 dBP) and liver 
(0.24 mg kg–1 dEHP; 0.11 mg kg–1 dBP) of second group is 
depicted in Fig. 2. Contamination of muscle (0.32 mg kg–1 

dEHP; 0.15 mg kg–1 dBP), skin (1.38 mg kg–1 dEHP; 
0.57 mg kg–1 dBP), fat (3.27 mg kg–1 dEHP; 1.28 mg kg–1 

dBP) and liver (0.16 mg kg–1 dEHP; 0.03 mg kg–1 dBP) of 
chickens of third group shows Fig. 3. in fourth group we deter-
mined following contents of phthalates: muscles (0.39 mg kg–1  

dEHP; 0.22 mg kg–1 dBP), skin (1.60 mg kg–1 dEHP; 

Table i
Contents of both phthalates in ingredients added to feeding 
mixture

  dBP dEHP ΣDBP + DEHP
  [mg kg–1] [mg kg–1] [mg kg–1]
 Coleseed oil 15.56 2.25 17.81
 (tin) 
 Coleseed oil 51.35 < 0.20 51.35
 (plastic) 
 animal fat 43.28 2.10 45.38
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0.44 mg kg–1 dBP), fat (1.85 mg kg–1 dEHP; 0.74 mg kg–1 

dBP) and liver (0.23 mg kg–1 dEHP; 0.13 mg kg–1 dBP).

conclusions
our measurements proved lipophilic character of ph-

thalates, which were accumulated in chicken’s fat tissue and 
skin. That means that fat tissue is useful indicator of phtha-
lates contamination. Liver, despite containing more fat than 
muscles, had lower values of phthalates mainly because of 
their enzymatic base, which were transforming phthalates to 
metabolites. relatively high contents of phthalates in cont-
rol group points at ubiquitous content of these contaminants. 
The values of dEHP and dBP were identically higher in all 
samples.
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Fig. 1.	 first	group	of	chickens	fed	by	common	feeding	mixture

Fig. 2.	 Second	group	of	chickens	fed	by	common	feeding	mix‑
ture with addition of coleseed oil with low phthalates content

Fig. 3.	 third	group	of	chickens	fed	by	common	feeding	mixture	
with addition with coleseed oil with high phthalates content

Fig. 4.	 fourth	group	of	chickens	fed	by	common	feeding	mix‑
ture with addition of animal fat
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introduction
The analytical procedure usually consists of several par-

tial steps: the isolation of analytes, extract purification, and 
the concentration of monitored analytes1. Environmental 
analysis currently tends to use such analytical procedures to 
allow the reliable and fast determination of monitored sub-
stances at the lowest possible costs. In the field of sample pre-
paration, attention is devoted particularly to the combination 
of methods which enable the selective extraction of analytes 
followed by their concentration. The accuracy and precision 
of measurement in particular are monitored in the instrumen-
tal end-point as they are closely linked to the selectivity and 
sensitivity of analytical instruments. a special emphasis is 
laid on the confirmation techniques which should prove the 
results obtained using a typical method and reduce the risk of 
false-positive and false-negative results2,3.

Polycyclic aromatic hydrocarbons (PaHs) are formed 
in the incomplete combustion of organic matter, for example 
during combustion of fossil fuel or wood, in running engines 
of motor vehicles, during fire and during free incineration of 
biomass or municipal waste4. They are also produced natu-
rally, for example in active volcanoes.

Individual PAHs differ significantly by their properties 
which define their potential risks. They are characterized by 
great variability in terms of toxic, physicochemical and che-
mical properties that may affect the environment. They pro-
duce different effects on individual species and the link 
between toxicity of individual PaHs and their structure 
is currently being investigated5.

experimental
The effect of the purification procedure on the content of 

analytes was investigated in samples of soil. The isolation of 
PaHs from soil was performed using microwave extraction. 
Samples were purified using column chromatography. HPLC 
was used as final analytical method.

E x t r a c t i o n
The isolation of PaHs from soil was performed using 

microwave extraction. The extraction step lasted 25 minutes, 
at a temperature of 120 °C and an input of 1,200 W, by using 
20 ml of a hexane/acetone (1 : 1) mixture. microwave extrac-
tion provided two sets of samples; each set was subsequently 
subjected to a different purification method.

P u r i f i c a t i o n
We monitored influence of the purification process on 

the determination of monitored analytes. We carried out com-
parison of two purification process.

Purification 1: Samples were cleaned-up using column 
chromatography on a silica column (5 g). The sample was 
applied on the top of the column; 10 ml of hexane were 
applied on the top of the column prior to the complete adsorp-
tion of the sample on the column, followed by elution with 
5 ml of an eluting mixture consisting of hexane : dichloromet-
hane (1 : 1) and finally with 10 ml of the same mixture. The 
last fraction was collected.

Purification 2: The samples in the second set were puri-
fied using column chromatography on a column with silica 
gel (4 g) and florisil (4 g). The sample was applied directly 
on the prepared column. The column was washed with 60 ml 
of a hexane : dichloromethane (1 : 1) mixture prior to the com-
plete adsorption of the sample into the sorbent. The whole 
eluate was collected.

H P L C
The determination itself was performed using the HPLC 

agilent 1100 Series with a dad and FLd detectors. The 
HPLC determination was carried out under following con-
ditions: gradient elution (a  =  60 % water/40 % acetonitrile; 
B  =  100 % acetonitrile); 0 min a, 30 min B, 40 min. B, 42 
min a For separation SUPELCoSiL™ LC-PaH column was 
used (25 cm × 2.1 mm × 5 µm). The flow-rate of the mobile 
phase was constant, 0.4 ml min–1, temperature 30 °C. FLd 
settings were: 0–17.4 min λex  =  260 nm, λem  =  350 nm; 
17.4–42 min λex  =  260 nm, λem  =  420 nm. dad setting was: 
λ  =  225 nm.

results
The main aim of this work was to investigate the effect 

of the purification process on the content of monitored PAHs 
in the real samples of soil. For better clarity, the results are 
provided in graphs and expressed in percentage; for assess-
ment, the values determined in the first set of samples (puri-
fication on silica) were chosen as 100 % for assessment pur-
poses. The results are presented in Figs. 1.–3. for individual 
samples of soil.

It follows from Fig. 1. that both purification techniques 
provided comparable results. Fig. 2. shows the results for 

Fig. 1. influence of a purification procedure – soil a
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soil B, better results were obtained using the first purifica-
tion method where the third fraction was the only fraction 
analysed. Samples of soil C exhibited a common trend for 
lower-molecular-weight PaHs where the method of extract 

purification had hardly any effect on the final content in the 
given matrix. On the contrary, the second purification method 
using two sorbents (silica gel and florisil) was proven optimal 
for the PaHs with higher molecular weight.

conclusions
However, in this context it is important to point out that 

the yield of pre-analytical techniques is significantly influen-
ced by the sample matrix by the way of matrix effects. The 
structure and chemical qualities of individual PAH also plays 
an important role. 

This work has been supported by by the grant given by 
Ministry of Education, Youth and Sports of the Czech Repub-
lic no. 6215712402.
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Fig. 3. influence of a purification procedure – soil e
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introduction
The SPmE method can be used to extract analytes from 

different matrices. it has been employed in the isolation of 
analytes from the air, food, water, and other matrices1. The 
SPmE method has a number of major advantages such as fast 
rate, high sensitivity and good accuracy; the detection limit 
regularly achieved for the above-mentioned matrices ranges 
in ng kg–1. First published in 1989, the SPmE method is now 
a well established extraction method whose application has 
been assessed and documented2.

The analyses of organic, fragrant, and flavouring com-
ponents as well as sample preparation are usually started 
with the concentration of an analyte. if one considers a time 
demand, the passive SPME sampling technique is the quic-
kest, with sample preparation not exceeding 30 minutes3.

The consistency of the results and the reliability of de-
tection with SPmE as well as repeatability and reproducibi-
lity are influenced by a number of factors, like polymer pola-
rity and the thickness of a polymer layer (stationary phase) on 
the surface of a fibre, the sampling method, the pH, the ionic 
strength of a solution, sample temperature, agitation, etc.

experimental
The objective of this paper was the optimization of solid 

phase microextraction (SPmE) method, which is used for 
determination of the essential oils in spice. analytes were 
analysed by GC/mS.

S P m E
The SPmE method was investigated with different 

fibers (polydimethylsiloxane – 100 μm thickness and polydi-
methylksiloxayne-divinylbenzene – 65 μm), extraction time 
(1; 2; 5; 10; 15; 20; 30; 40 and 60 minutes), extraction tem-
perature (30; 40 and 50 °C) and incubation of sample (0; 5; 
10; 15; 20 minutes).

G C / m S
The determination itself was performed using the 

GC 6890n (agilent Technologies, USa) with a mass-
spectrometric detector 5973n mSd (agilent Technologies, 
USa); for separation HP-5mS capillary column was used 
(30 m × 0.25 mm × 0.25 μm). The injector temperature was 
270 °C, the ion source temperature was 230 °C and the 
Transfer Line temperature was 250 °C. The temperature 

programme was 45 °C for period of 2 minutes, 5 °C min–1 
to 200 °C, 200 °C for period of 2 minutes; the total analysis 
time was 35 minutes. The flow-rate of the carrier gas (He) 
was constant, 1 ml min–1.

results
The aim hereof was to optimise the SPmE method for 

determination of the essential oils in spice. We monitored 
influence of the stationary phase on the sorption of monito-
red analytes. We carried out comparison of two PDMS fibres 
(100 μm) and PDMS-DVB (65 μm). The results obtained are 
stated in Fig. 1. From it follows that the PDMS-DVB fibre 
(65 μm) shows higher sorption effectivity for all the monito-
red pesticides. 

Also the influence of temperature on sorption of the tar-
get compounds was monitored. The following temperatures 
were tested: 30, 40 and 50 °C. Lower-molecular-weight ter-
penes were shown to have the best responses at a temperature 
of 30 °C while for the medium-molecular-weight terpenes 
(around 150 g mol–1), the effect of different temperature on 
the adsorption of analytes wasn’t so strong. Terpenes with the 
highest molecular weight (204 g mol–1) exhibited the highest 
response at a temperature of 50 °C. on the basis of the results 
and literature data, the sorption value at 30 °C was selected.

various sorption times were measured (1; 2; 5; 10; 15; 
20; 30; 40, and 60 minutes) at temperature of 30 °C. The time 
of 15 minutes seems to be suitable for both the sensitivity and 
a good repeatability.

This study also investigated the effect of sample condi-
tioning before analyte sorption. The conditions of analysis 

Fig. 1. influence of the fibre type on response of detectors for 
the	monitored	analytes

Fig. 2. influence of the incubation time on response of detec‑
tors	for	the	monitored	analytes
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were as follows: the duration of sorption was 15 minutes at 
a temperature of 30 °C. This temperature was also used for 
sample conditioning. Fig. 2. shows the comparison between 
the different durations of sample conditioning (0; 5; 10; 15; 
20 minutes) and it is seen that the 5-minute conditioning is 
the most suitable as it gives the highest response for the majo-
rity of target analytes.

The repeatability of the method was determined based 
on 5 repetitions and is expressed as a relative standard devi-

ation (Table i). Terpenes are listed in the table according to 
their increasing molecular weight. it follows from the results 
that lower-molecular-weight terpenes have better repeatabi-
lity than more volatile terpenes with higher molecular weight. 
Standard deviations vary in a rather wide range of 28–38 % 
for substances with higher molecular weight which may be 
attributed to the optimization of the SPmE method where 
some parameters (particularly the duration and temperature 
of sorption) were chosen at such levels to match for the whole 
group of 32 monitored substances.

conclusions
SPmE conditions used for optimalization of head-space 

method were follows: 15 min exposition of PdmS-dvB 
(65 µm) fiber at 30 °C in head-space above 0.5 g of spice 
sample in vial. The incubation of sample was 5 minutes at 
extraction temperature 30 °C.

This work has been supported by by the grants given by 
Ministry of Education, Youth and Sports of the Czech Repub-
lic no. 6215712402.
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Table i
rSd in determination of analytes

 analyte rSd analyte rSd
 α-pinene 13 menthone 32
 camphene 11 borneol 18
 sabinene 14 estragol 28
 β-pinene 9 α-cubebene 12
 β-myrcene 7 thymol acetáte 38
 α-phellandrene 10 ylangene 31
 3-carene 7 copaene 27
 α-terpinene 7 α-bourbonene 34
 2-nitro-p-cymene 3 isocaryophyllene 35
 limonene 23 β-caryophyllen 26
 eucalyptol 8 humulene  31
 γ-terpinene 4 α-caryophyllen 36
 β-terpineol, cis- 15 isoledene 32
 linalool 13 α-muurolene 36
 thujone 22 epizonarene 36
 camphor 12 karyophyllene oxide 34
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introduction
Humic substances (HS) are the most abundant and stable 

organic C forms found in soil. Based on their solubility in 
alkaline and acid solutions they can be divided into humic 
acids (Ha), fulvic acids (Fa) and humin. Spectroscopic mea-
surements provide valuable information on the nature of soil 
HS, they are nondestructive, require only small amounts of 
sample, and are experimentally simple as referred by Steven-
son6. Thermal analysis curves, heat fluxes, absorption and 
fluorescence properties can provide useful information on 
nature, origin, chemistry and structure of HS Blaser et al.2; 
Gonet et al.3, Senesi et al.5. 

in this study we investigated differences in absorptive, 
fluorescence and thermal characteristics between humic acids 
isolated from humus horizons of soils with different land use 
(agroecosystem and forest ecosystem).

experimental
Samples were collected from a-horizons of soil pits 

dug on cultivated and nearby oak-hornbeam forest soils from 
locality Báb (south-western Slovakia). The parent material 
was calcareous loess. Samples were compared in two pairs: 

Profiles 1 and 2 – located at an upland position, 80 m 
apart: 1 – forest soil, Luvic Phaeozem, 2 – cultivated 
soil, Haplic Chernozem
Profiles 3 and 4 – located at a colluvial foot slope, 60 m 
apart: 3 – forest soil, 4 – cultivated soil, both on orthic 
Luvisol

Humic acids (Ha) were isolated by orlov4 method. 
Total luminescence spectra (TLS) of Ha were recorded on a 
Shimadzu rF5000 spectrometer, and absorption spectra on a 
Shimadzu Uv 240. For measuring, the stock solutions were 
diluted to organic C concentration 10 mg dm–3, and adjusted 
to pH 7. TLS excitation slit width was set to 5 nm, emission 
to 3 nm. TLS were recorded as a series of 10 synchronous 
scan spectra with differences between excitation and emis-
sion wavelength (λex/λem) of 25 nm.

•

•

Thermal properties were recorded on derivatograph C 
– mom Hungary. detailed information concerning differen-
tial thermal analysis (dTa) was presented by Gonet et al.3. 
Based on the results, value “Z”, proportional to “aliphaticity” 
of Ha was calculated. it expresses the ratio of weight loss in 
low temperature (endo + exo1) to weight loss in high tempe-
rature range (exo2).

results	and	Discussion
The absorbance ratios of Uv-viS spectra are listed in 

Table i. Stevenson6 stated that Uv-viS spectra of Ha are 
broad, featureless and monotonously decreasing with incre-
asing wavelength, thus absorbance ratios were used in deter-
mining their chemical structure. a280/465 ratio reflects the 
proportion between the lignin structures more resistant to 
humification and materials at the initial stage of transforma-
tion, a280/665 – ratio between groups resistant to humification 
and strongly humified ones, A465/665 decreases with increa-
sing molecular weight and condensation. in our study, higher 
values of absorbance ratios indicated that Ha from forest soil 
content more lignin type compounds and had lower degree of 
aromatic structures condensation than that from the cropped 
soil.

Three-dimensional total luminescence spectra (TLS) 
enable detailed view with more complete information than 
simple excitation, emission, or synchronous scan spectra 
Blaser et al.2. TLS of studied Ha (Table i) performed two 

Table i
Ratios of humic acid absorbances, fluorescence peak positi-
ons and intensities

     λex/λem λex/λem
 Profile A280/665 a280/465 a465/665 455/515 310/480
     peak intensities [a.u]
 forest, 5.25 28.33 5.40 280 245
 upland
 cultivated, 4.53 22.46 4.96 > 350 < 350
 upland
 forest, 5.06 28.00 5.53 315 280
 slope
 cultivated, 4.67 21.54 4.62 > 350 315
 slope

Table ii
Thermal properties of humic acids

  area under dTa effects
 Profile [% of total] Z
  endo exo1 exo2 
 forest, upland 4.1 57.6 38.3 1.61
 cultivated, upland 2.6 35.6 61.8 0.62
 forest, slope 4.4 51.6 44.0 1.27
 cultivated, slope 5.7 31.3 63.0 0.59
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major peaks, a first at λex/λem  =  455/515 indicating hi-
ghly conjugated aromatic compounds, like disubstituted 
coumarins, xanthones and quinones and a second peak at  
λex/λem  =  310/480 nm indicating simple phenolics like hyd-
roxysubstituted benzoic and cinnamic acid derivatives 
Senesi et al.5. Peaks occured at the same positions, and diff-
ered only in fluorescence intensity, which was the highest at  
λex/λem  =  455/515 nm. This is evidence that Ha from culti-
vated soils were more humified and polycondensed. Alberts 
et al.1 reported, that the peak with similar λex/λem  =  455.7/
510.6 nm was observed in Ha form Hungarian soils.

Thermal properties, mainly the degree of aliphaticity 
“Z” (Table ii) was lower in Ha isolated from cultivated soil 
(0.62 and 0.59) than Ha from forest soil (1.61 and 1.27), 
what confirmed higher condensation of aromatic structures 
or humification degree of HA from cultivated soil.

conclusions
Results of the present study confirmed that absorbance, 

fluorescence and thermal characteristics of HA can be a sen-
sitive index of structural changes between cultivated and 

natural soils, thus, they can be used as an indicator of anthro-
pogenic influence on soil.

This work has been supported by grant VEGA 1/4432/07 
and VEGA 1/0092/08.
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introduction
The contribution deals with the content and mobility of 

heavy metals: copper, nickel and lead in the samples of sedi-
ment load from drainage basin of the Hnilec river.

The former mining activities with the following treat-
ment of iron and copper ores have had negative effect on the 
region of Middle Spiš. The main anthropogenic sources of 
the contamination of environment come from the localities 
Krompachy, Rudňany and the surroundings of Spišská nová 
Ves, and also the river-basin of the Hnilec, the Ružín no. 1, 
the Palcmanská Maša reservoirs and an old environmental 
loads after mining activities in Smolník area. The flooded 
deposit in Smolník produces heavily mineralized acid waters 
that contaminate water and sediments of Smolník stream, 
Hnilec River and even Ružín reservoir. The deposit is not 
stable and negatively influences the surroundings1.

Many sequential extraction methods were employed for 
the determination of particular forms of heavy metals contai-
ned in the sediments, differing in the number of the extrac-
tion steps, extraction solvents used extraction procedures. 
Leachate contains a group of elementary forms with similar 
physical and chemical properties. The extraction process eva-
luates the strength of bonding of the metal forms to different 
soil phases, to ion-renewable, carbonated, reducible, oxidable 
and finally to resistant residue2. The best known is the five-
step sequential extraction of soil published by Mc Laren and 
Crawford and Tessier3. This method can differentiate heavy 
metals held in the sediments in five steps. It can be applied to 
provide a quick indication of changed element mobility in the 
monitored locality4.

experimental
C h a r a c t e r i s t i c  o f  t h e  S e d i m e n t s

The one-shot sequential extraction procedures were 
applied on eight sediment samples collected from the indu-
strially polluted region of Central Spiš, Slovakia, localities of 
the Ružin no. 1 reservoir, the Palcmanská Maša reservoir and 
stream Smolník situated on the Hnilec River. The reference 
material of sediment from river Labe was also used for analy-
sis. Sampling was realized in the year 2007 and total content 
of copper, nickel and lead were determined. Finally, the sam-
ples were dried, quartered, sieved under 1 mm and minerali-
sed in a microwave pressure digestion system mWS-3.

S e q u e n t i a l  E x t r a c t i o n 
The sequential extraction was conducted under the fol-

lowing procedures: fraction:	a	–	released forms were deter-
mined in the extract of extraction solvent – 2m Hno3. The 
supernatant was filled up to 100 ml. The rest was used in the 
second step. This fraction contains metals bonded to sul-
phide and phosphate. fraction:	b	–	potentially mobile forms 
were determined in the extract of extraction solvent – 0.05m 
EdTa. This fraction contains metals in ion-changing form 
and bonded to carbonates. fraction:	c	–	mobile forms were 
determined in the extract of extraction solvent 0.1m CaCl2.	
This fraction contains metals in ion-changing form. frac‑
tion:	D	–	residual forms presents extracted phase e. g. metals 
bonded to silicate structure and to a crystal lattice of primary 
minerals. The residuals were dried at room temperature. 
after drying and homogenization, the single extracts were 
measured by the absorption spectrometry method. Copper 
was determined by flame atomization and nickel and lead by 
graphite furnace atomic absorption spectrometry (varian, 
australia).

results
active soil reaction (pH) and oxidation-reduction poten-

tial is presented in Table i. it has shown that only sample SP 
(stream Smolník – mine Pech) was an acid sediment and the 
rest are slightly alkaline sediments. The increase of pH cau-
ses the growth of copper adsorption by colloid, clayey and 
organic material and thereby the mobility of copper in soil 
decreases5.

The results of copper, zinc, nickel and cadmium content 
determined in extraction solvents after extraction of sedi-
ments using sequential extraction are given in Table II.

The results of sequential extraction are presented as the 
percentage yield of metal from sequential extraction, where 
100 % is total concentration of metal in sediment.

The results in cumulation histogram (Fig. 1.) show that 
the highest concentrations of copper were determined in the 
fraction a in released forms and the highest percentage yield 
in sample vdr1, 2 with values 65.7 and 60.3 % respectively. 
The yields in the potentially mobile and mobile forms were 

Table i
The description of sampling places and chemical composi-
tion of sediments taken in area of the Hnilec rriver in 2007

 Locality pH redox organic dry
 potential [mv] portion [%] basis [%]
 ruzin vdr1 7.55 259 10.02 36.40
 ruzin vdr2 7.25 254 10.18 54.52
 ruzin vdr3 7.52 257 4.50 42.40
 Pal. masa Pm1 7.52 257 18.85 29.54
 Pal. masa Pm2 7.60 259 13.78 34.86
 Pal. masa Pm3 7.73 262 15.89 31.25
 Pal. masa Pm4 8.06 265 18.20 39.9
 Smolník SP 3.3 355 26.01 53.7
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low. In fraction D the highest values of yield were confirmed 
in samples Pm2 64.1 % and Sm 55.2 %.

The Fig. 2. presents the distribution of nickel in fracti-
ons. The highest concentration of nickel was determined in 
fraction d, where the highest yield was in sample Pm4 80 % 
and the least in sample SP 16 %. in the other forms, the nickel 
content in yield was very low.

according to Fig. 3., the highest concentrations of lead 
were found in fraction a, where the highest values of yield 
were in samples Pm 3 64.2 % and Pm 2 – 1 (54.4–51.6 %). 
in fraction B–C, the content of was in low percentage yield 
and the yield was higher in fraction d.

The results of yield are given in Table iii, where the total 
content of particular heavy metals Cu, ni, Pb in sediments 
were compared with the sum of metal concentrations in frac-
tion A–D from sequential extraction. In sample PM2, 100 % 
yield of copper was determined.

Fig. 1.	 cumulation	histogram	of	the	copper	yields	in	fractions	
a–D	of	the	sequential	extracts	of	the	sediments,	rm	–	reference	
Material-sediment, Vdr1 – 3 ružin no. 1 reservoir, PM1–4 Pal‑
cmanska	masa	reservoir,	SP	–	stream	Smolník,	mine	Pech

Fig. 2.	 cumulation	histogram	of	the	nickel	yields	in	fractions	
a–D	of	the	sequential	extracts	of	the	sediments,	rm	–	reference	
Material-sediment, Vdr1 – 3 ružin no. 1 reservoir, PM1–4 Pal‑
cmanska	masa	reservoir,	SP	–	stream	Smolník,	mine	Pech

Table ii
Copper, nickel and lead content determined in extraction solvents after extraction of sediments using sequential extraction 
method, RM – Reference Material-sediment, VDR1 – 3 Ružin no. 1 reservoir, PM1–4 Palcmanska Masa reservoir, SP – stream 
Smolník, mine Pech

 Fraction Element Sediment contents [mg kg–1]
   rm vdr1 vdr2 vdr3 Pm1 Pm2 Pm3 Pm4 SP
  Cu 33.5 160.0 178.2 166.0 14.6 10.0 19.6 18.4 216.0
 a ni 3.3 9.6 4.6 5.7 7.0 5.1 7.4 4.5 0.3
  Pb 33.9 34.7 40.4 35.3 26.3 55.5 18.0 17.1 34.9
  Cu 6.0 13.4 22.6 29.4 4.0 1.8 5.0 4.0 35.0
 B ni 2.0 0.6 07 1.3 2.4 1.4 5.4 5.0 0.1
  Pb 4.1 2.9 4.2 6.4 3.7 6.7 2.7 2.1 4.4
  Cu 2.0 5.2 6.8 2.8 0.8 0.5 1.0 1.2 6.2
 C ni 1.3 1.2 1.6 0.6 0.6 0.4 1.1 1.4 0.3
  Pb 1.7 1.6 2.3 0.8 0.8 1.1 0.8 0.6 1.2
  Cu 23.7 45.2 64.2 11.2 18.9 22.0 0.3 20.8 306
 d ni 26.7 38.5 27.3 27.4 47.2 42.6 51.3 47.4 7.1
  Pb 15.6 5.4 7.3 9.8 4.4 2.7 2 2.4 8.7

Fig. 3.	 cumulation	 histogram	 of	 the	 lead	 yields	 in	 fractions	
a–D	of	the	sequential	extracts	of	the	sediments,	rm	–	reference	
Material-sediment, Vdr1 – 3 ružin no. 1 reservoir, PM1–4 
Palcmanska	masa	reservoir,	SP	–	stream	Smolník,	mine	Pech
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The comparison of the sum of metal concentrations in 
the sequential extraction procedure with of total dissocia-
tion verified the suitability of the used method. Moreover, 
the rm LGC river Sediment was applied, where metal con-
tents are copper – 83. 6 mg kg–1, zinc – 439 mg kg–1, nickel 
– 34.7 mg kg–1 and cadmium – 2.7 mg kg–1.

conclusions
The one-shot sequential extraction, which characterise 

the individual forms of heavy metals bonds in the sediments, 
was used for the determination of heavy metals mobility in 
the contaminated sediments from the Hnilec river (Slova-
kia) area. 2m Hno3 was used to define the released content 
including different fractions of elements according to their 
solubility. Potentially mobile and mobile forms represent the 
sum of risk element forms for the evaluation of sediment bio-
toxicity. in this connection, the sediments had low content 
of copper, nickel and lead in potentially mobile and mobile 
forms (fractions B–C). This fraction contains metals in ion-
changing form and bond to carbonates.

Lead and copper reached higher values and nickel was 
in the least concentration in fraction a (realised forms) in 

order Pb  >  Cu  >  ni. This fraction contains metals bonded to 
sulphide and phosphate.

This work was supported by the Slovak Research and 
Development Agency, No 20-027705 and by the Slovak Grant 
Agency for Science VEGA.
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Table iii
Analysis comparison of total dissociation and the sum of metal concentrations in the sequential extraction procedure of the 
sediment samples

 Element Sediment [mg kg–1]
   rm vdr1 vdr2 vdr3 Pm1 Pm2 Pm3 Pm4 SP
  Sum of ex.st. 65.2 223.8 271.8 309.4 38.3 34.3 48.6 44.4 563.2
 Cu Total cont. 79.9 243.5 295.5 353.9 45.8 34.3 49.5 47.9 572.0
  yield % 81.6 91.9 92.0 87.4 83.6 100 98.2 92.7 98.5
  Sum of ex.st. 33.3 49.9 34.2 35.0 57.2 49.5 65.2 58.7 7.8
 ni Total cont. 35.5 66.0 82.3 67.4 79.6 60.1 80.0 59.2 44.2
  yield % 93.8 75.6 41.5 51.9 71.8 82.4 81.5 98.5 17.6
  Sum of ex.st. 55.3 44.6 54.2 52.3 35.2 66 23.5 22.2 49.2
 Pb Total cont. 77.6 108 121 80 51 102 28 37 92
  yield % 71.3 41.3 44.8 65.4 69 64.7 83.9 60 53.5
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introduction
Heavy industry and the impact of mining, although being 

in decay, significantly facilitate the deterioration of quality 
of surface waters. Besides the technological water from the 
existing plants, there is a huge amount of secondarily polluted 
mining waters due to the rainfall. The rainfall water in the 
underground areas in old mining works gradually chemically 
and chemically and biologically reacts with the surrounding 
rock environment and brings amounts of harmful substances 
to the surface that pollute the surface waters. They include 
mainly heavy metals, sulphates, chlorides, phosphates and 
other substances.

From the point of view of quality of surface waters the 
area in the vicinity of the municipality of Smolník has been 
known as one of the worst in Slovakia for a longer period of 
time and the brook of Smolník is ranked in the worst – the 
fifth degree of quality as a highly polluted brook. 

This work aims at the following: study the possibility 
of reduction of the concentration of the content of sulphates 
and other heavy metals set by the EU directives in the mining 
waters flowing from the old mining load of the deposit of 
Smolník.

Physical	and	chemical	characteristics	of	the	mining	
Water	from	the	Deposit	of	Smolník

Qualitative parameters of the running mining water 
were monitored systematically. The values often move signi-
ficantly. They depend on the amount of rainfall, rainfall inten-
sity, period of being held in the mining areas, place (depth), 
etc. A large number of floods and mainly fires in the mine 
caused huge increases of presence of Fe and Cu in the mining 
water. The mining fire by spontaneous combustion of pyrite 
in 1896–97 caused the increase of the Cu concentration up 
to 150 g dm–3, in 1910 the Cu concentration increased even 
to 180 g dm–3 due to the fire! In 1923 57.6 tonnes of copper 
flew into the recepient.1

Table i evidently shows the gradual increase, culmina-
tion and finally the decrease of value of almost all indicators. 
Those changes were caused due to flooding and its comple-
tion. after almost four-year exposition of mining waters in 
the rock environment a strong mineralisation occurred and 
concentration of all components exceeded all permissible 
concentrations (they are exceeded today as well).

E l i m i n a t i o n  o f  S u l p h a t e s  u s i n g 
P r e c i p i t a t i o n  a n d  a l - i o n s .

The concentration of sulphate ions in the tested water was 
2,984 mg dm–3 and pH 3.34. When making experiments with 
the mining water a HaCH spectrophotometer, type dr 2000 
and a digital pH-meter WTW 330i were at our disposal.

P r e c i p i t a t i o n  o f  S o 4
2 –  i o n s  o n l y 

a t  P r e s e n c e  o f  C a ( o H ) 2  W i t h o u t 
a l 3 +  i o n s

methodological procedure of precipitation: 
Ca(oH)2 – 15 minutes of mixing at 200 rpm,
suspension filtering,
determination of the content of sulphates and the pH 
value (see in Table ii).

As the required pH value is 12.4 and more, Table II 
shows that the sufficient amount of Ca(OH)2 is 5–6 g dm–3. 
Higher amounts do not impact the pH values any longer. 
at the same time, one can observe that adding of lime itself 
has no significant impact on the reduction of the content of 
sulphates either. out of the original approximate amount of 
2,984 g only 600 g were precipitated and that constitutes the 
efficiency of only about 20 %.

•
•
•

Table i
Trend of mine water quality from Smolník in period from 
1986 to 20042

 year So4
2– Fe Cu mn

  [mg dm–3] [mg dm–3] [mg dm–3] [mg dm–3]
 1986 6,004 72.0 37.2 43.3
 1987 4,634 51.2 39.4 65.8
 1991 1,155 7.0 11.1 12.3
 1992 1,233 19.9 10.7 13.5
 1993 1,481 61.3 5.3 12.8
 19941 1,350 57.8 7.2 11.3
 19942 4,000 155.0 11.8 11.0
 19943 9,512 914.7 51.3 104.7
 1995 5,825 772.4 7.4 136.2
 1997 4,133 421.4 3.9 37.2
 2000 4,170 137.6 4.3 41.3
 2001 3,461 556.0 2.8 37.9
 2002 2,296 620.0 1.7 38.4
 2003 2,680 501.0 1.5 33.4
 2004 2,723 425.0 1.5 27.9

Table ii
results of mine water desulphatation by Ca(oH)2, Pech pit

 Sample no. Ca(oH)2 pH So4
2- Effect

  [mg dm–3]  [mg dm–3] des. [%]
 1 6 12.59 2,400 19.6
 2 8 12.60 2,362 20.8
 3 10 12.61 2,385 20.1
 untreated 0 3.34 2,984 –
 water



Chem. Listy, 102, s265–s1311 (2008) Environmental Chemistry & Technology

s469

P r e c i p i t a t i o n  o f  S o 4
2 –  i o n s  a t 

P r e s e n c e  o f  C a ( o H ) 2  a n d  S o d i u m 
a l u m i n a t e  ( a L r - F )

methodological procedure of precipitation is based on 
long range experiments of the scientific group from Technical 
university in ostrava3: Best results of sulphates precipitation 
were obtained at pH value close to 12.5.

Ca(oH)2 – 15 minutes of mixing at 200 rpm
aLr-F –30 minutes of mixing at 200 rpm
suspension filtering
determination of the content of sulphates and the pH 
value
al ions changes to form hydrated calcium aluminates 

and part of arisen mineral ettringite, Fe ions change from 
bivalent to trivalent ferrous hydroxide and also remain in the 
mud.

The results of those experiments are shown in 
Table iii5.

E l i m i n a t i o n  o f  S u l p h a t e s  U s i n g 
S o r b e n t s  a n d  i o n  E x c h a n g e r s

as opposed to the static regime when a sorbent or pre-
cipitation reagents are added to the water container when 
they are slowly mixed for a certain optimal time, in case of 
a dynamic regime the treated water continuously flows th-
rough the column the bed of which consists of a sorbent, 
a ion exchanger or a mixture with the sorbent. Experiments 
with the mining water from the shaft of Pech – Smolník 
were performed. The water was stabilised in the ratio of 5 ml 
Hno3 (2m) per 1 litre. Elimination of sulphates can be reali-
sed using the following methods:

raw stabilised mining water,
sorbent – active coal,
ion exchanger – mixture 50 : 50 catex and anex,
sorbent – zeolite (nižný Hrabovec) mineral form –cli-
noptilolite, structure - tectosilicate, empiric formula 
– (Ca,K2,na2,mg)4al8Si40o96 . 24H2o,

•
•
•
•

•
•
•
•

mixture of 80 % of zeolite, 20 % cent of a–C,
mixture 80 %of zeolite, 20 % of C–a,
ion exchanger – cation exchanger – catex-strog acid 
ostion,
ion exchanger – anion exchanger – anex – light basic 
annex with styrene-dvB skeleton – amberlite ira-96,
sorbent – slovakite (inorganic composite sorbent) – it 
is sorbent based on advantages of various minerals pro-
perties.

Discussion	to	the	measured	results.
Sulphates reduction is possible by various methods, like 

reversing osmosis, electrodialysis, ultrafiltration, diaphragm 
processes, but these methods are too expensive. Biological 
methods are long-lasting, that is why we used chemical pro-
cesses, i.e. sorption by active coal, various sorbents and ion 
exchangers and precipitation by al and Ca ions.

Based on the results shown in Fig. 1. the success rate 
of individual reagents can be definitely set. The inorganic 
component sorbent slovakite may be considered as relatively 
successful. it was tested in the static regime as well and it was 
rather unsuccessful there. The result was surprising in case of 
the dynamic sorption. The efficiency of elimination of sul-
phates reached approximately 60 %. The efficiency of 43 % 
in case of the mixture of zeolite and the cation exchanger and 
the anion exchanger was caused only due to the small amount 
of the anion exchanger in the reagent. There was no practical 
effect of zeolite itself. Almost 100% efficiency was achieved 
by means of the anion exchanger what is in case of anion 
elimination logical6.

conclusion
as the strict limits for waters discharged to the surface 

flows set by the European Union begin to come into force 
also in the recently acceded EU countries the issue of waters 
discharged from the old mining load of Smolník will have to 
be dealt with seriously very soon. Several options are offe-
red. The use of ion exchangers would be probably very costly 
although a very efficient solution. The most probable solu-

•
•
•

•

•

Table iii
results of mine water desulphatation from Pech pit at opti-
mal reagents dosing4

 Sample Ca(oH)2 aLr-F pH So4
2– Effect

 no.: [g dm–3] [ml dm–3]  [mg dm–3] desul. [%]
 1 5.2 3.2 12.56 118.28 96.03
 2 5.2 3.4 12.56 199.60 93.31
 3 5.2 3.6 12.56 49.92 98.32
 4 5.2 3.8 12.56 45.28 98.48
 5 5.4 3.2 12.56 64.40 97.84
 6 5.4 3.4 12.56 123.28 95.87
 7 5.4 3.6 12.55 65.00 97.82
 8 5.4 3.8 12.55 49.64 98.33
 9 5.6 3.2 12.58 114.40 96.17
 10 5.6 3.4 12.58 42.96 98.56
 11 5.6 3.6 12.58 0.48 99.98
 12 5.6 3.8 12.58 0.97 99.97

Fig. 1.	 graphic	presentation	of	 the	desulphurisation	effect	at	
individual	procedures
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tion will be the use of physical and chemical methods, and 
namely their different combinations, such as neutralisation, 
precipitation by means of al ions or sorption by means of 
composite sorbents.

This paper was made under support of the Slovak grant 
agency VEGA within the project 2/7045/27 and the Agency 
for support of Research and Development based on Contract 
No. APVV-51-027705)
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introduction
arsenic is considered one of the most toxic contami-

nants found in water-streams. it poses serious health risks 
to humans (e.g. cancer, cardiovascular and neurological ef-
fects). There are two main groups of arsenic pollution sour-
ces; natural (dissolution of as containing mineral ores) and 
anthropogenic sources (e.g. arsenic-based insecticides and 
pesticides, fertilizers, coal combustion, mining, semiconduc-
tor industies). The maximum contaminant level of arsenic in 
drinking water (both in EU and USA) is 10 μg dm–3.

arsenic has several oxidation states (–3, 0, + 3, + 5) but 
the most common forms in natural waters are trivalent arse-
nite [as (iii)] and pentavalent arsenate [as (v)]. The pH and 
the redox potential (Eh) of the aqueous system determine the 
predominant form of as; as (iii) is dominant in reducing 
conditions while as (v) in oxidizing conditions. Generally, 
as (iii) is considered to be more toxic than as (v)1.

There are various methods for arsenic removal from 
water streams, such as sorption, ion-exchange, precipitation, 
coagulation and flocculation, reverse osmosis, membrane 
technologies, electrodialysis, biological processes as well as 
lime softening. a good overview2 and a critical review3 of the 
available methods are given recently. an effective and com-
monly used method for water treatment is sorption of arsenic 
on natural or synthetic sorbents. The most commonly used 
sorbents can be classified in two main groups: (i) sorbents 
based on iron compounds, which are the most frequently used 
(e.g. several iron (iii) oxides/hydroxides, materials based on 
iron oxides/hydroxides, natural iron ores and waste materials 
containing iron particles) and (ii) sorbents based on alumi-
nium compounds (e.g. activated alumina or gibbsite). Several 
other sorbents (clays, manganese dioxide, activated carbon, 
ion-exchange resins, biosorbents, etc.) have also been studied 
for as removal2.

experimental
r e a g e n t s

analytical grade chemicals were used in all expe-
riments. model solutions were prepared by dissolving 
asHna2o4

. 7H2o in deionized water, 0.01 m nano3 and 

0.1 m nano3. The pH of the solutions was adjusted with sui-
table concentrations of naoH and Hno3.

P r e p a r a t i o n  a n d  C h a r a c t e r i z a t i o n 
o f  S o r b e n t 

Synthetic akaganeite was prepared by hydrolysis of par-
tially neutralized FeCl3 by addition of naoH. The precipitate 
thus obtained was centrifuged and it was subsequently submit-
ted to dialysis to remove Cl– ions. The material was dried and 
used for arsenic sorption. Xrd analysis4 confirmed that the 
material produced was akaganeite. The specific surface area 
(measured by BET) was 151.3 m2 g–1.

S o r p t i o n  E x p e r i m e n t s
The effect of pH, initial arsenic concentration, sorbent 

dose and temperature as well as ionic strength effect at arse-
nic sorption were studied in batch type experiments. The 
experiments were performed in a rotary shaker set at 30 rpm 
and equilibrium time 24 hours. Preliminary experiments have 
shown that equilibrium was established. The arsenic quantity 
in solutions was determined by aaS and spectrophotometry 
before and after the sorption experiments. The sorption capa-
city (Q) of akaganeite was calculated using the equation:

0 eq

s

C
Q

C
C
−

=
 

(1)

where C0 and Ceq are the initial and equilibrium arsenic con-
centration, respectively and Cs is the sorbent concentration 
in solution.

results
E f f e c t  o f  S o l u t i o n  p H

it is well known that the solution pH plays an important 
role in all sorption experiments in aqueous systems. It determi-
nes the aquatic chemistry of the system under study (in this 
case as speciation) and also the charge density of the solid 
surface (sorbent). it is related to the sorption mechanisms and 
reflects the nature of the physicochemical interactions of the 
species in solution and the active sites on the sorbent5. 

The effect of solution pH on as (v) sorption on akaga-
neite was examinated at pH values 2.0–9.0 at ambient tem-
perature. Sorbent concentration in solution was 2 g dm–3 and 
initial arsenic concentration was 100 mg dm–3. The results are 
given in Fig. 1. for various electrolyte (nano3) concentra-
tions. The best sorption is observed at pH 2.0. However, in 
this case, akaganeite is dissolved and iron was determined in 
filtrates. For this reason, all sorption experiments were car-
ried out at pH 3.5, where no iron was found in solution. at 
this pH, the sorption capacity was a bit smaller than at pH 2.0 
and around 40 mg as (v) g–1 of sorbent. This is considered 
quite good compared to the average value reported in the lite-
rature3. The effect of the ionic strength was also studied by 
adding 0.01 and 0.1 m nano3. it is shown that (Fig. 1.) the 
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effect can be considered as negligible. in a previous study4 
the zeta potential of akaganeite was studied and the point of 
zero charge was found at pH 7.5. at pH 3.5, the zeta poten-
tial was around +20 mv and the predominant as (v) spe-
cies is H2aso4

–. So, attractive electrostatic forces favour 
sorption. However, at pH 8.0, the zeta potential is negative 
and the predominant species is Haso4

–2. Electrostatic forces 
are repulsive but still sorption is achieved due to the exis-
tence of specific forces. Calculations with geochemist Wor-
kbench (data not shown here) show that in the presence of 
iron mineral as (v) can form scorodite (iron arsenate) on the 
mineral surface and the maximum is obtained at pH 2.0, This 
coincides very well with the maximum sorption at pH 2.0 in 
our experiments (Fig. 1.). The existence of scorodite on aka-
ganeite surface was also proved by FTir spectra6. The che-
mical nature of the sorption can also explain the sorption of 
as (v) at pH 8.0. in our results, the effect of ionic strength 
was negligible. However, in the literature6 a significant ef-
fect was observed, but with Kno3 and in smaller sorbent 
concentrations (< 2 g dm–3). The effect was decreasing with 
increasing sorbent concentrations. This was attributed to 
the elimination of the negative charge of akaganeite by the 
potassium cations and the easier approach of as (v) species 
to the surface of the sorbent. it is well known that the incre-
ase of the ionic strength decreases the effective radius of the 
electric double layer. The arsenate species can come closer to 
the surface so that the attractive chemical forces overcome 
the electrostatic repulsion forces and sorption is achieved.

E f f e c t  o f  i n i t i a l  a r s e n i c 
C o n c e n t r a t i o n

The effect of initial arsenic concentration (20–
200 mg dm–3) was studied with 2 g dm–3 sorbent concentra-
tion, ambient temperature and pH values 3.5 and 7.0. The 
results are given in Fig. 2. (data points: experimental data, 
lines: isotherms). Sorption isotherms were evaluated (from 
experimental data) using the Freundlich model:

b
eqQ KC=  (2)

where Q is amount sorbed per unit mass of sorbent, K and b 
are constants and Ceq is the equilibrium concentration. Freun-
dlich sorption parameters (K, b, r2) were calculated and are 
given in Table i. The maximum sorption capacity was around 
53 and 37 mg g–1 for pH values 3.5 and 7.0 respectively. The 
r2 values show a good agreement of the model to the expe-
rimental data. as is expected, the K value (which shows the 
affinity of akaganeite to As (V) ) decreases with the increase 
of the pH.

E f f e c t  o f  t e m p e r a t u r e
The effect of temperature on arsenic sorption was investi-

gated at initial arsenic concentration 100 mg dm–3, sorbent 
concentration 2 g dm–3 and 4 different temperatures (ambi-
ent, 30, 40 and 50 °C). The experimental results are presented 
in Table iii. The maximum sorption capacity increased with 
increasing temperatures indicating an endothermic reac-
tion6. The maximum sorption capacity (at 50 °C) was around 
43 mg g–1.

E f f e c t  o f  S o r b e n t  d o s e
The effect of sorbent dose was studied at ambient tempe-

rature, initial arsenic concentration 100 mg dm–3 and sorbent 

Fig. 1.	 effect	of	solution	ph	on	as	(v)	sorption

Fig. 2.	 Sorption	isotherms

Table i
Freundlich adsorption parameters

 pH Freundlich parameters
  K b r2

 3.0 32.26 0.10 0.98
 7.5 12.84 0.23 0.97

Table ii
The effect of temperature

 T [°C] Q [mg g–1]
 ambient temperature 37
 30 38
 40 40
 50 43
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concentration range 0.5–10 g dm–3. The results are presented 
in Table ii. increase of the sorbent dose in solution caused 
a decrease of akaganeite sorption capacity. However, this is 
not a good indicator of sorption ability, because with bigger 
sorbent concentrations all the available active sorption sites 
are not occupied. it is important to see what is the remaining 
as (v) concentration after treatment. in a real system this is 
the important factor; the remaining concentration should be 
below the limits. in the last column of Table iii the remaining 
concentrations are given. It is observed a significant decrease 
of the remaining as (v) conc. with increase of the sorbent 
dose. it seems that a good dose is 5 g dm–3, which gives a 
96 % removal and a satisfactory final As concentration of 
4 mg dm–3.

conclusions
Synthetic akaganeite is a suitable sorbent for arsenic 

removal, especially at acidic environment. it is a low cost 
sorbent, as it is prepared from easily available cheap inorga-
nic materials and has a good efficiency (above the average 

reported in the literature). it removes arsenic by chemical 
sorption favored by an increase of temperature and the best 
results are obtained at pH 3.5. However, at pH 7.0, gives 
also satisfactory results. This is important for the treatment 
of drinking water. The capacity of the material was not af-
fected significantly with increased ionic strength (up to 0.1 M 
nano3). The experimental data follow (with good agree-
ment) the Freundlich isotherm. 
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Table iii
The effect of sorbent dose

 CS [g dm–3] Q [mg g–1] Ceq [mg dm–3]
 0.5 43.0 78.5
 1.0 41.4 58.6
 2.0 36.3 27.4
 5.0 19.2 4.0
 10.0 9.6 4.0
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introduction
in recent years the role of particulate matter in environ-

mental and health areas has come under increased attention 
of experts and public. The Pm10 and Pm2.5 (particle fractions 
related to their size) concentrations show higher correlation to 
the negative health effects in comparison to the total suspen-
ded particulate matter1. Building constructions and materials 
play an important role in indoor particulate matter contami-
nation due to particles infiltration through joint construction 
leakages and material distribution and deposition processes2. 

The dust particles are dangerous not only because of 
their high concentrations in dependence on their particle size 
but also because of their nature3. The surface of the inhaled 
particles which determines the biological response is large. 
The surface reactivity of particles depends on the number of 
reactive spots on the dust particles surface and on the distri-
bution of various sites (free radicals and paramagnetic spe-
cies) at the surface4. it determines the pathogenic potential of 
inhaled particles. 

This work is concerned with the particulate matter reac-
tivity investigation by concentration of surface active cen-
tres.

experimental
Both total suspended particles (TSP) and Pm10 measu-

rement includes integral sampling onto a collection material 
(membrane filter Synpor 0.8 µm pore size, 35 mm in diame-
ter) by sampling equipment VPS 2000 (Envitech, Trenčín) at 
flow rate of 960 dm3 h–1 during sampling period of approxi-
mately 24 hours.

The surface reactive spots concentrations of suspended 
particulate matter were detected on the spectrometer ErS 
220 (GaS, Berlin) with a resonator rSX 216 at room tem-
perature under following conditions: the microwave power 
10 mW, modulation amplitude 0.02 mT, time constant 0.5 s. 
The relative intensity of the signals measured for investigated 
dust samples was determined by comparing them with those 
of mn(ii)/ZnS a Cr(iii)/mgo as standard samples. The EPr 
spectrum was recorded as the first derivation of the absorp-
tion spectrum at the speed record 14.3 mT min–1.

The quantitative and qualitative interpretation of obtai-
ned spectra was performed by computer software origin.

results
Typical EPr spectra of investigated total suspended par-

ticulate mater and Pm10 samples are illustrated in Figs. 1.–3.

Wide singlet peak centered at g factor value was identi-
fied in EPR spectra of particulates. The g factors range from 
2.010 to 2.093 for measured particle samples as the Table i 
shows.

Singlet peak superponed by triplet peak with factor 
values g1  =  2.1162, g2  =  2.0700, g3  =  2.0191 was identi-
fied in EPR spectrum of total particulate matter in Fig. 1. It 
could be an isotropic triplet (g  =  2.07) with splitting constant 
a  =  7.6375 +/ 0.5495 mT.

Fig. 1.	 ePr	spectra	of	total	suspended	particulates

Fig. 2.	 ePr	spectrum	of	Pm10

Fig. 3.	 Detail	of	Pm10	ePr	spectrum
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The signals on EPr spectra recorded on the particulate 
samples were identified as a superposition of signals arising 
from various paramagnetic species. it is mainly the presence 
of transition metal ions in a low oxidation state, typically 
iron, which have to be regard as a possible cause of toxicity. 
in accordance with results obtained in paper4, the appearance 
of Fe2+ on the surface of the dust particles and its subsequent 
oxidation to Fe3+ in octaedric configuration leads to pro-
duction of free radicals at solid-liquid interphase by direct 
reduction of atmospheric molecular oxygen. These sites may 
be implicated in the formation of dangerous active oxygen 
species in vivo.

The total surface spin concentrations of particulate sam-
ples were determined in range from 3.68 × 1017 to 3.84	×	1018 

spin.g-1 for total suspended particulate matter and from 
2.02	×	1017 to 1.09	×	1019 spin g–1 for Pm10. The signifi-
cant difference between spin concentrations values of total  

suspended particulate matter and Pm10 was not found. The 
determined spin concentrations values are approximately 102 
times higher than spin concentrations values of mechanically 
activated quartz and silicon powders5.

conclusions
The determined surface spin concentrations obtained 

from EPr spectra were high. But based on these experimental 
results of paramagnetic centres occurrence study explicitly, 
it cannot be expressily considered particulate matter to have 
toxic properties. The paramagnetic ions testing in special 
chemical reactions6 used for this purpose may more accura-
tely indicate potential risk of particulate matter toxicity.

Acknowledgement: This work has been supported by 
Grant Agency of Slovak Republic (project No. 1/3342/06).
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Table i
g-factor values, ΔHpp and spin concentrations

 Sample g-factor ΔHpp [mT] Spin concentration
    [spin mg–1]
 TSP 2.070 34.6 3.84 × 1018

 TSP 2.015 40.0 3.68 × 1017

 TSP 2.020 40.0 1.64 × 1018

 TSP 2.010 40.0 2.22 × 1018

 Pm10 2.093 472 2.01 × 1018

 Pm10 2.080 554.9 2.02 × 1017

 Pm10 2.055 410.8 2.06 × 1017

 Pm10 2.070 345.65 1.09 × 1019
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introduction
natural materials that are available in large quantities 

may have potential as inexpensive sorbents. Cost effective 
alternative technologies or sorbents for treatment of metals 
contaminated waste streams are needed. a study1 reported 
that zeolites, clinoptilolite in particular, demonstrate strong 
affinity for Pb and other heavy metals. Adsorbing Cd and 
Zn examined by both modifications with natural bentonite2. 
results showed that the acid-treatment decreased the adsorp-
tion capacity, while the heat treatment did improve capacity. 
retention of Pb and Zn on pure calcite was the subject of a 
number of investigations3,4. on the contrary, the number of 
sorption studies of both ions on magnesite is very limited.

investigations on the biosorption mechanism of heavy 
metals show that the metal ions are deposited by adsorption 
to the functional groups present on the cell wall. dead as well 
as living cells are used in the removal of metal ions5,6. The 
batch adsorption experiments demonstrate that the surface 
complexation approach can be used successfully to quantify 
the adsorption of Cd in a mixed B. subtilis – quartz system as 
functions of both pH and solute/sorbent ratios7.

We are interested in the surface complexation approach 
of zeolite, bentonite, calcite, magnezite and also these mate-
rials with bacteria in the behavior various heavy metals in the 
batch experiments. The objectives of this work were to deter-
mine the differences of mineral/water and mineral-bacteria/ 
water interface in sorption capacities of metals.

experimental
The biosorption experiments were carried out in Er-

lenmeyer flasks which contained 10 g samples and 100 ml 
medium. The medium contained (per liter) 0.5 g naH2Po4, 
1.0 g (nH4)2So4, 0. g naCl, and 2 g glucose. The flasks were 
inoculated with a mixture of Bacillus cereus and B. megate-
rium (0.1 g wet bacteria dm–3) that had been previously iso-
lated from Horná Prievrana. The two strains were purified by 
heat treatment at 80 °C for 15 min followed by streak plating 
on nutrient agar cultures. The isolates were identified with 
the BBL Crystal Identification System (Becton, Dickinson 
and Co., Franklin Lakes, nJ). For identification, the isolates 
were cultivated on Columbia agar plates per manufacturer’s 
instructions. 

The flasks were incubated under dynamic conditions 
(150 rev min–1) for 3 hours at 25 °C. The liquid phase was 
contained individual metals in 0.5mm concentration in the 
forms ZnSo4, CuSo4, PbCo3. The spent media (leacha-
tes) were sampled for metal analysis. The chemical controls  
 

did not receive an inoculum but were incubated under otherwise 
similar conditions.

Solid residues were analyzed by X-ray diffraction using 
a Philips X’Pert SW–binary diffractometer with CuKα radia-
tion (40 kV, 50 mA), equipped with an automatic divergence 
slit, sample spinner, and a graphite secondary monochroma-
tor. Data were collected for 2–60 °2Θ with a step width of 
0.05 ° and a counting time of 30 s per 0.05 °. The mineralogy 
has been evaluated in quantitative terms from X-ray powder 
diffraction patterns using a rietveld-based data processing 
technique.

Quantitative changes in the liquid phase were measu-
red with a model 30 varian atomic absorption spectrometer 
(varian, inc., melbourne, vic., australia). 

Batch experiments were conducted to measure:
Zn, Cu, Pb and zeolite adsorption in a mixed singly 
metals – zeolite – Bacillus system 
Zn, Cu, Pb and bentonite adsorption in a mixed singly 
metals – bentonite – Bacillus system second
Zn, Cu, Pb and quartz sands adsorption in a mixed sin-
gly metals – quartz sands – Bacillus system
Zn, Cu, Pb and calcite adsorption in a mixed singly 
metals – calcite – Bacillus system 
Zn, Cu, Pb and magnezite adsorption in a mixed singly 
metals – magnezite – Bacillus system

Z e o l i t e
The natural materials, zeolite was obtained from nižný 

Hrabovec location in Slovakia. The mineralogical composi-
tion of zeolite was clinoptilolite 51–68 %, quartz + cristoba-
lite 9–20 %, feldspars 8–13 %, mica 13 % and iron minerals 
0.3 %.

B e n t o n i t e 
The natural materials, zeolite was obtained from Las-

tovce location in Slovakia. The mineralogical composition 
of bentonite was smectite 63%, quartz 21%, kaolinite 11%, 
feldspars 4-6% and calcite 2%. 

Q u a r t z  S a n d s 
The natural materials, zeolite was obtained from nižný 

Hrabovec location in Slovakia. The mineralogical composi 
 

•

•

•

•

•

Table i
Chemical composition of zeolite

 Components  Sio2 al2o3 Fe2o3 mgo na2o
 % wt. 67.0 12.3 1.3 0.7 0.7

Table ii
Chemical composition of bentonite

 Components  Sio2 al2o3 Fe2o3 mgo na2o
 % wt. 59.2 18.6 2.8 4.2 0.7
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tion of zeolite was quartz 85 %, kaolinite 8 %, mica 6 % and 
iron minerals 3–5 %.

C a l c i t e
The natural materials, calcite was obtained from Horné 

Srnie location in Slovakia. The mineralogical composition of 
rock was calcite 80 %, quartz 5 %, kaolinite 2 %, plagioclase 
0.5 %, and iron minerals 0.7 %. 

m a g n e z i t e
The fired material of magnezite was obtained from Jel-

šava location in Slovakia. The mineralogical composition of 
sample was periclase 98 %. 

results
The individual mineral phases of silicates (zeolite, ben-

tonite, quartz sands) and carbonates (magnezite, calcite) can 
control the efficiency of biofiltration when sorption and pre-
cipitation of metals occurs. moreover, in both cases, Zn, Cu, 
Pb were accumulated at the mineral and cell surface as pre-
cipitates. an important parameter for packing material is the 
removal capacity of the minerals.

removal of Zn from solution by silicate was of lower 
efficiency, 20 % Zn by zeolite, 46 % by bentonite, 21 % by 
quartz sands was removed, while up to 55 % by calcite and 
88 % by magnezite (Fig. 1.).

removal of Cu was similar approximately 24 % by 
these minerals (Fig. 2.).

Pb was very effective removed 93 % by bentonite and 
magnezite and 74 % by zeolite and calcite (Fig. 3.).

The experimental results of the selected natural mineral 
materials showed that bentonite has higher adsorption capa-
cities than zeolite for Pb and Zn. However, magnezite appear 
to be more effective than calcite in precipitation of Pb and 
Zn.

The affinity series for bacterial removal of these metals 
decrease in the order Pb  >  Zn  >  Cu with the low sorption 
capacity only approximately 0.06 mm dm–3. at 0.1 g bacte-

ria dm–3 is a small amount of cells for adsorption metals onto 
the bacterial surface. 

Table iii
Chemical composition of quartz sands

	Components  Sio2 al2o3 Fe2o3 mgo na2o
 % wt. 96.1 1.7 0.4 0.05 0.03

Table iv
Chemical composition of calcite

 Components  Sio2 al2o3 Fe2o3 mgo na2o
 % wt. 11.8 3.9 1.2 0.8 0.05

Table v
Chemical composition of fired magnezite

 Components  Sio2 Cao Fe2o3 mgo K2o
 % wt. 0.02 0.11 0.01 97.3 0.06

Fig. 1.	 time	 dependence	 of	 zn	 biosorption	 and	 precipitation	
by	minerals	and	bacterial	cells

Fig. 2.	 time	 dependence	 of	 cu	 biosorption	 and	 precipitation	
by	minerals	and	bacterial	cells

Fig. 3.	 time	 dependence	 of	 Pb	 biosorption	 and	 precipitation	
by	minerals	and	bacterial	cells
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This biosorption batch experiment represents a minerals-
dominated regime in which the bacterial concentration is low, 
and therefore the difference of mineral and cell adsorption 
is big in the biological processes of pH change from 7 to 4 
during silicate biofiltration and of pH change from 7 to 9 
during carbonate biofiltration.

The result dominantly involves decreasing metal con-
centration in solution in dependence of time and kind of 
minerals. This indicates that the contact time between the 
metal solution and the mineral kind and also the bacterial 
amount is of crucial importance.

conclusions
The batch adsorption experiment in ternary and binary 

systems with individual sorbents, ternary metal-mineral-
bacteria and binary metal-bacteria interaction can be used to 
ascertain the effect of bacteria and selected of minerals like 
packing materials in development of biofilters. The results 
suggest that the adsorption observed in the 0.1 g dm–3 bac-
terial dm–3 system dominantly involves the mineral surface 

that is why biofiltration need to increase bacterial amount in 
packing filter.

This work has been supported by the Slovak Academy of 
Sciences (VEGA 2/0049/08).
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introduction
intestinal motile bacteria Enterobacter aerogenes and 

nonmotile coccus Enterococcus faecalis are known as being 
contaminating pathogenetic agents of aliments1–3 and drin-
king water4. Pathological agents: coccus and bacteria have a 
significant multiple-antibiotic resistance at natural drugs and 
also at chemically obtained drugs.5–10

The naphthoquinones are a wide class of plants’ meta-
bolites, which are currently used for manufacturing cosme-
tics, foods or for medicinal purposes11,12. also the natural 
naphthoquinones were tested for antitumoral13, antiinflama-
tory14 and antimicrobial15,16 activity. For antibiotic activity 
is being responsible the compound structure, therefore the 
aim of any structure-activity relationship should be to find 
the most potent and least toxic compound. in this respect, 
we studied the antibiotic effect of dichlor derivative of 1,4-
naphthoquinone: 2,3-dichloro-1,4 naphthoquinone (dichlone 
– Fig. 1.) on Gram-positive nonmotile coccus Enterococcus 
faecalis, and Gram-negative motile bacteria Enterobacter 
aerogenes. 

in order to identify dichlone’s grade of remanence, in the 
inoculated culture mediums, it was used HPLC technique.

experimental
M a t e r i a l s  a n d  E q u i p m e n t s

dehydrated culture media: primary culture media TSa 
(tryptic soy agar) from Fluka (Buchs, Switzerland) and m-H 
broth (müeller-Hinton broth) from Fluka (Buchs, Switzer-
land) for antibiotic susceptibility testing. 

Both culture media were rehydrated with ultrapure 
water made with water ultra-purifier TKA Smart2Pure UV6 
from TKa Wasseraufbereitungssysteme GmbH (niederel-
bert, Germany). 

Used microbial strains were made by microBioLogics 
inc. (Saint Cloud, USa), as following: 

KWiK-STiK™: Enterococcus faecalis (aTCC 29212);
KWiK-STiK™: Enterococcus faecalis (aTCC 19433);
KWiK-STiK™: Enterobacter aerogenes (aTCC 
13048).

Culture media were sterilised with a raypa aES-75 
autoclave from r.ESPinar, S.L. (Barcelona, Spain).

all cultures were incubated in a raypa incuterm id-50 
incubator from r.ESPinar, S.L. (Barcelona, Spain).

Barium chloride from Utchim S.r.L. (râmnicu vâlcea, 
romania) and sulfuric acid from Utchim S.r.L. (râmnicu 
vâlcea, romania) were used for preparation of mcFarland 
turbidity standards.

odyssey dr/2500 spectrophotometer from Hach Com-
pany (Loveland, USa) was used for inoculums’ and prepared 
mcFarland turbidity standards’ od (optical density) deter-
mination.

For antimicrobial susceptibility testing it was used dich-
lone from merck (darmstadt, Germany).

dichlone’s grade of remanence was detected with HPLC 
equipment: Thermo Finnigan Surveyor system from Thermo 
Fisher Scientific Inc. (Waltham, USA). PDA detector set to 
254 nm. Hypersil™ GoLd Column 100 × 4.6 mm.

dichlone standard for HPLC: dichlone standard from 
Supelco (Bellefonte, USa).

Other reagents for HPLC technique: 
acetonitrile from merck (darmstadt, Germany);
Water Chromasolv from Honeywell international inc., 
riedel-de Haën (Seelze, Germany).

m e t h o d s
Primary and secondary cultures: the KWiK-STiK™ 

lyophilized microorganisms’ strains (Enterococcus faeca-
lis aTCC 29212 and aTCC 19433; Enterobacter aerogenes 
aTCC 13048) were transferred on Petri dishes with sterile 
TSa and incubated at 35 °C for 24 hours (primary cultures); 
then, subcultures were made from primary cultures and incu-
bated also on sterile TSa for 24 hours at 35 °C.

antimicrobial susceptibility testing by broth microdilu-
tion technique: dichlone’s MIC (minimal inhibitory concent-
ration – defined as drug concentration at which no growth is 
visible) was determined by broth microdilution technique. A 
sterile culture tube with m-H broth was inoculated with an 
aliquot from the three types of secondary growth. Inoculated 
broth’s od was adjusted at 0.5 mcFarland standard with pre-
pared turbidity standards – aproximatively 1 × 108 CFU ml–1. 
Standardised inoculums’ aliquots from all three types of 
secondary culture were transferred on culture tubes with ste-
rile liquid medium: M-H broth. Dichlone’s MIC was tested 
on those standardised inoculums, on m-H broth.

•
•
•

•
•

Fig. 1.	 Dichlone	structure
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HPLC technique: for the identification of 2,3-dichloro-
naphtoquinone in the samples a 1 mg ml–1 solution was pre-
pared in acetonitrile and 10 μl injected into the HPLC system. 
The sample was injected three times.

mobile phase was 60 % acetonitrile with 40 % water.
Chromatograms were registered at 254 nm.

results
antimicrobial susceptibility testing results show that the 

dichlone have no antimicrobial activity on Gram-negative 
bacteria Enterobacter aerogenes; in the same time the growth 
of Gram-positive coccus Enterococcus faecalis (both strains) 
was completly inhibited, as in Table ii.

as we mentioned in introduction, dichlone’s grade of 
remanence, in the inoculated culture mediums for miC was 
determined by HPLC. The chromatograms of the mentioned 
naphtoquinone obtained at the most effective chromatogra-
phic conditions are shown in Figs. 2. and 3.

The height and area of Pda signal (254 nm) for this 
naphtoquinone confirmed the calculated value for MIC.

conclusions
The results of this study show that dichlone has no anti-

microbial activity on Gram-negative germs (Enterobacter 
aerogenes). in the mean time, dichlone’s miC on Gram-posi-
tive germs (Enterococcus faecalis – both strains) it was at 
0.5 μg ml–1 in liquid culture media (M-H broth). This concen-
tration was confirmed by HPLC determination.

This work has been supported by Romanian Ministry 
of Education and Research, National Authority for Scienti-
fic Research, National Centre for Programmes Management 
on Project No. 1885 NANOQMED: “Obtaining and charac-
terization of new targeted-nanodrugs with naphtoquinonic 
active substance”.
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Table ii
dichlone’s miC on Enterococcus faecalis strains

 Strain MIC [μg ml–1]
 E. faecalis – aTCC 29212 0.5
 E. faecalis – aTCC 19433 0.5
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– aTCC 19433)
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introduction
The industrial processes of manufacturing magnesium 

compounds – oxide and carbonates mainly, from dolomites, 
by carbon dioxide leaching, generate important amounts of 
waste1,2. The composition of this waste includes calcium car-
bonate and precipitated magnesium carbonates (in ratio of 
3:1 till 4:1) together with other impurities, presents in the raw 
material such as iron, manganese, copper and zinc3,4.

The alkaline reaction and the important mineral content 
– essential and trace elements – of this waste can be valuated 
in agriculture as soil amendment and fertilizer for acid soils 
with low fertility5–7.

The main objective of this study is to present the influ-
ence of waste types and doses on the fertility characteristics 
of an acid soil. The improve of the soil fertility was establis-
hed by studying some vegetation characteristics and the pro-
tein content of green oat plants. The paper reports the effects 
of several waste doses and types on luvosoil with and without 
nitrogen contribution. Two types of waste were experimented, 
one from the industrial process (a) and the second resulted as 
crusts deposed on the equipment walls (B).

experimental	Part
Luvosoil, having a pHH2o of 6.94 and pHKCl of 5.76 and 

a rather low soil fertility, was collected, air-dried, crushed, 
mixed and put into pots, each containing 1 kilogram soil. The 
soil was treated with two types of waste in different amounts, 
having each the composition presented in Table i.

Table i
Composition of the two experimented industrial waste

The experimental alternatives pursued by this research 
consist of four different doses for each waste (a, B), namely 
a1, a2, a3, a4 and B1, B2, B3, B4 and also a control alterna-
tive (C0), represented by untreated soil. all the experimental 

alternatives took place in three replicates (r1, r2, r3). at the 
replicates r2 and r3, 134 mg nitrogen kg–1 soil as ammonium 
nitrate was added in each pot. The description of the experi-
mental alternatives is shown in Table ii, in which r represent 
the replicate without nitrogen treatment (r1) and rn – the 
average of replicates r2 and r3, treated with nitrogen.

all the pots were sown with thirty oat grains. The vege-
tation period was that of green plant, pursued for 8 weeks. 
The pots were placed in laboratory near the window and 
watered every second day by 100 ml water. along the vege-
tation period, some morphological parameters, like number 
of risen plants, plant size, fresh and dry weight were pursued. 
Some composition features like dry matter and protein con-
tent were determined too. at harvest time, soil samples were 
collected in order to establish the impact of waste treatment 
on soil fertility. Soil characteristics like pH, essential and 
trace elements were analysed.

Soil pH in watery and salin extracts was determined by 
a pH-meter. The metal element content in soil at harvest time 
was established by aaS-iCP method. The protein content in 
oat plants was analysed by using the Kjeldahl method.

results	and	Discussion
The impact of waste treatment on soil reaction and mac-

roelements content is shown in Table iii.
Soil reaction was analysed using two analytical methods, 

in watery and salt extract. The extraction in KCl solution 
hinders salts hydrolysis in soil and therefore the obtained pH 
values are more stable but lower by 1.7 pH units in compa-
rison with those of the watery extract. For both methods, a 
buffer process of the soil reaction was established, turning 
the low acid soil reaction to an alkaline reaction, proportio-
nal with the increase of the waste dose. The increase of the 
pH value took place slowly by adding waste a and suddenly 
in case of waste B, which composition contains more mag-
nesium than that of waste a. The highest pH values were 
established for a4 (pH  =  8.354) and B4 (pH  =  8.290). The 
nitrogen contribution decreases the pH-values because of the 
acid reaction of ammonium nitrate.

analysing the soil calcium content, a proportional incre-
ase was established once with the growth of the waste dose. 
The increase of the calcium content took place suddenly 
for waste of type a and slowly for the waste B, remarking 
a suddenly growth only for the highest B dose. The highest 
waste doses for type a and B generate a calcium content of 
2.674 g kg–1 (a4) and 2.717 g kg–1 (B4) respectively.

a growth of the magnesium soil content was establis-
hed once with the increase of the waste dose (a, B). Higher 
values were determined for waste type B. alike as for the 
calcium content in soil, a nitrogen contribution decreases the 
magnesium content values for the alternatives with waste of 
type a.

 Specification Waste A Crusts B
 Ca, % 28 19
 mg, % 7 14
 Fe, mg kg–1 1850 880
 Cu, mg kg–1 1.9 51
 mn, mg kg–1 136 51
 Zn, mg kg–1 2.6 50
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Table ii
description of the experimental alternatives

 Experimental Waste  nitrogen  mineral Suplimentation
 alternative dose, contrib., Ca, mg, Fe, Cu, mn, Zn,
  mg kg–1 mg kg–1 mg kg–1 mg kg–1 mg kg–1 µg kg–1 µg kg–1 µg kg–1

 a1
 r 179 - 50 13 0.33 0.34 24.3 0.47

  rn 179 134 50 13 0.33 0.34 24.3 0.47
 a2

 r 357 - 100 25 0.66 0.68 48.7 0.93
  rn 357 134 100 25 0.66 0.68 48.7 0.93
 a3

 r 714 - 200 50 1.32 1.36 97.4 1.86
  rn 714 134 200 50 1.32 1.36 97.4 1.86
 a4

 r 1429 - 400 100 2.64 2.72 194.7 3.72
  rn 1429 134 400 100 2.64 2.72 194.7 3.72
 B1

 r 263 - 50 37 0.23 13.40 13.4 13.20
  rn 263 134 50 37 0.23 13.40 13.4 13.20
 B2

 r 526 - 100 74 0.46 26.80 26.8 26.40
  rn 526 134 100 74 0.46 26.80 26.8 26.40
 B3

 r 1053 - 200 147 0.93 53.60 53.6 52.60
  rn 1053 134 200 147 0.93 53.60 53.6 52.60
 B4

 r 2105 - 400 295 1.85 107.30 107.3 105.20
  rn 2105 134 400 295 1.85 107.30 107.3 105.20

Table iii
impact of waste treatment on soil reaction and macroelements content

 Experimental  Soil reaction Ca content mg content
 alternative pHH2o pHKCl, 
   pH unit d pH unit d g kg–1 % g kg–1 %
 C0 r 6.939 - 5.763 - 2.136 100.0 0.327 100.0
 a1

 r 6.887 –0.052 6.093 0.330 2.267 106.1 0.348 106.4
  rn 7.054 0.115 5.934 0.171 2.222 104.0 0.343 104.9
 a2

 r 7.718 0.779 6.565 0.802 2.261 105.8 0.352 107.6
  rn 7.229 0.290 6.174 0.411 2.168 101.5 0.337 103.1

 a3
 r 8.178 1.239 6.468 0.705 2.440 114.2 0.400 122.3

  rn 8.291 1.352 6.983 1.220 2.280 106.7 0.371 113.5
 a4

 r 8.354 1.415 7.307 1.544 2.674 125.2 0.464 142.2
  rn 8.435 1.496 7.257 1.494 2.607 122.0 0.449 137.3
 B1

 r 7.771 0.832 6.216 0.453 2.122 99.3 0.343 104.9
  rn 7.386 0.447 5.908 0.145 2.151 100.7 0.330 100.9
 B2

 r 7.734 0.795 6.556 0.793 2.164 101.3 0.361 110.4
  rn 7.677 0.738 6.536 0.773 2.270 106.3 0.380 116.2
 B3

 r 8.016 1.077 6.881 1.118 2.254 105.5 0.412 126.0
  rn 8.215 1.276 6.944 1.181 2.390 111.9 0.427 130.6
 B4

 r 8.290 1.351 7.082 1.319 2.717 127.2 0.566 173.1
  rn 8.222 1.281 7.360 1.597 2.547 119.2 0.480 146.8
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Table iv
Influence of waste type and doses on the soil trace elements content

 Experimental alternative Fe content  mn content Zn content Cu content
   µg kg–1 % µg kg–1 % g kg–1 % g kg–1 %
 C0 r 234.7 100.0 87.84 100 11.400 100.0 3.402 100.0
 a1

 r 249.6 106.3 84.20 95.9 33.100 290.4 3.491 102.6
  rn 251.4 107.1 84.30 96.0 25.080 220.0 3.639 107.0
 a2

 r 244.6 104.2 80.06 91.1 31.200 273.7 3.669 107.8
  rn 245.1 104.4 95.00 108.2 11.900 104.4 3.669 107.8
 a3

 r 260.3 110.9 86.97 99.0 13.960 122.5 3.462 101.8
  rn 253.6 108.1 85.44 97.3 11.910 104.5 3.609 106.1
 a4

 r 257.0 109.5 73.42 83.6 12.920 113.3 3.669 107.8
  rn 264.5 112.7 88.00 100.1 6.721 59.0 3.821 112.3
 B1

 r 232.5 99.1 75.56 86.0 4.418 38.8 3.462 101.8
  rn 251.1 107.0 95.77 109.0 4.407 38.7 3.609 106.1
 B2

 r 242.5 103.3 70.53 80.3 4.832 42.3 3.358 98.7
  rn 236.6 100.8 81.62 92.9 4.821 42.3 3.462 101.8
 B3

 r 235.0 100.1 94.39 107.5 4.567 40.1 3.787 111.3
  rn 237.8 101.3 73.76 84.0 19.300 169.3 3.506 103.1
 B4

 r 253.8 108.1 92.62 105.4 4.425 38.8 3.728 109.6
  rn 237.8 101.3 76.49 87.1 10.210 89.6 3.402 100.0

Table v
Influence of waste and nitrogen contribution on some vegetation characteristics of green oat

 Experimental alternative risen plants  Size of green plants Fresh weight
   number % cm % mg piece–1 %
 C0 r 21 70 51 100 362 100
 a1

 r 22 73 54 106 327 90
  rn 23 77 73 143 591 163
 a2

 r 27 90 53 104 352 97
  rn 22 73 72 141 623 172
 a3

 r 28 93 56 109 332 92
  rn 22 73 75 147 650 180
 a4

 r 23 77 59 116 387 107
  rn 19 63 77 151 737 204
 B1

 r 22 73 53 104 300 83
  rn 27 90 70 137 537 148
 B2

 r 24 80 60 118 350 97
  rn 22 73 78 153 600 166
 B3

 r 25 83 52 102 404 112
  rn 28 93 70 137 464 128
 B4

 r 30 100 53 104 370 102
  rn 22 73 58 114 582 161
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Because of their trace elements content, the soil treat-
ment with waste of type a and B generates in soil a different 
trace element level in comparison to the control alternative, 
presented in Table iv.

analysing the iron content of the experimental alternati-
ves, it was established that unimportant increases of the iron 
content took place once with the growth of both waste type 
doses. The highest iron concentrations were found in alter-
native a4 and B4 representing the highest waste doses and 
having an increase of 12.7 % (a) and 8.1 % (B).

The manganese content in soil has lower values for all 
the experimental alternatives than that of the control alterna-
tive. an exception is represented by a2 registering an increase 
of 8.2 % and B1 of 9.0 %, both with nitrogen contribution.

The zinc content in soil decreases once with the increase 
of the waste dose. The highest value was registered for a1 
and the increase was of 190.4 %. By addition of waste B, the 
zinc content in soil decreases having lower values than the 
control alternative.

The copper content in soil remains almost constant after 
waste addition. The highest increase was registered for a4 
representing 12.3 %. Treating soil with waste B, the highest 
registered increase was 11.3 % for B3.

The effects of soil treatment with waste a and B show 
an important influence on the development and nutrition of 
green oat plants. The results are presented in Table v and 
Table vi.

The enhance of the waste a amounts in soil treatment 
had a beneficial effect on the grain germination praised by 
a higher number of risen plants. adding nitrogen to soil, the 
number of risen plants remained low. The effects are simi-
lar for soil treatment with waste B, except for B1 and B3, 
where the nitrogen contribution increases the number of risen 

plants. The highest number of risen plants was established for 
B4, 30 representing 100 % of the sown oat grains.

Green oat plants grew taller once with the increase of the 
waste dose in both cases (waste a and waste B). adding nit-
rogen, an obvious increase of the plant size was established. 
The tallest plants were find for alternatives A4 (highest waste 
a dose + nitrogen contribution), namely 77 cm and 78 cm for 
B2 (second waste B dose + nitrogen contribution).

at harvest time, green oat plants for all alternatives were 
thinner, having a reduced fresh weight in comparison with the 
control alternative for those without nitrogen contribution. 
The nitrogen supplement makes the plants more vigorous 
having a higher fresh weight and dry weight for all the expe-
rimental alternatives. The fresh weight increase was more 
evident for soil treatment with waste a; for the highest waste 
dose (a4), the increase was of 104 % in comparison with the 
control alternative. Similar to the fresh weight increase, took 
place the dry weight increase. The most evident results were 
established for the alternatives treated with waste a. The 
increase of the dry weight was the highest of 85 % for the 
alternative a4. 

The altering of dry matter was increasing for the alter-
natives without nitrogen treatment and decreasing for those 
with nitrogen treatment. The highest dry matter value was of 
51.3 % for B1 (lowest waste B dose) and the lowest value was 
39.2 % for a3 (waste a + nitrogen contribution).

The protein content of green oat plants shows, at harvest 
time, two different aspects comparative with the control alter-
native. For the alternatives in which no nitrogen was added, 
the protein content represents half of the control alternative 
content. adding nitrogen, the protein content has increased 
and became double given to the alternatives without nitro-
gen contribution. The highest protein level was found for 

Table vi
impact of waste treatment on some composition features of green oat plants

 Experimental alternative dry weight  dry matter Protein content
   mg piece–1 % d.m. % P % %
 C0 r 162 100 44.8 10.08 100
 a1

 r 159 98 48.1 5.42 53.8
  rn 248 153 41.9 12.56 124.6
 a2

 r 167 103 46.9 4.75 47.1
  rn 255 157 41.0 12.65 125.5
 a3

 r 161 99 47.9 5.01 49.7
  rn 255 157 39.2 13.68 135.7
 a4

 r 183 113 47.3 5.03 49.9
  rn 300 185 41.0 12.78 126.8
 B1

 r 155 96 51.3 5.41 53.6
  rn 233 144 43.0 12.31 122.1
 B2

 r 158 98 45.6 4.98 49.4
  rn 273 169 46.0 11.89 118.0
 B3

 r 184 114 46.5 4.63 45.9
  rn 200 123 43.4 12.59 124.9
 B4

 r 150 93 40.8 5.83 57.8
  rn 250 154 42.9 12.99 128.9
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a3, namely 13.68 % and 12.99 % for B4. The increase of the 
waste dose and nitrogen contribution generates an enhance of 
the plant protein content.

conclusions
Considering the obtained results, the two experi-

mented industrial waste can be used in certain doses as soil 
amendment for low fertile acid soil, with or without nitrogen 
addition.

Treating soil with different doses of waste, a buffering 
effect was established, which rises the pH values from low 
acid to low alkaline.

The presence of magnesium and calcium in the waste 
composition increases the soil content, proportional with the 
growth of the waste dose.

The enhance of the trace elements content in soil is 
representative for iron, copper and zinc (waste a).

The experimental waste doses (waste a, waste B) had a 
beneficial effect on grain germination improving the number 
of risen oat plants by 23 % (waste a) and 30 % (waste B).

at harvest time, the size of green oat plants was taller by 
8 cm (waste a) and 9 cm (waste B) comparative to the cont-
rol alternative with untreated soil. nitrogen additions increa-
sed their size by 51 % (waste a) and by 53 % (waste B).

The fresh weights of the plants show a decrease propor-
tional with the increase of the waste doses (a, B) only for the 
alternatives without nitrogen addition.

The dry matter values are increasing once with enhance 
of dose for both waste in all alternatives without nitrogen 
contribution. The addition of nitrogen decreases the dry mat-
ter value at harvest time for all the alternatives comparative 
to the control. The decrease of dry matter is more severe for 
the alternatives treated with waste a. 

adding nitrogen, the protein content has increased and 
became double given to the alternatives without nitrogen 
contribution.

This work has been partial supported by a CNCSIS 
Grant-Type A of Romania.
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introduction
natural gas is one of the most important energy carriers 

in Europe (in the Czech republic as well). Total consump-
tion of natural gas (nG) in the Czech republic in 2006 was 
9,269 × 106 m3. Within the distribution to end users and also 
during natural gas utilization the most important requirement 
is the safety of customers.

natural gas odorisation means operations involving the 
addition of odorant to gas to ensure characteristic odour of 
nG so that a person can judge the odour to be distinctive and 
unpleasant so that the presence of gas in air (in concentrati-
ons below lower explosive limit – LEL) is readily detectable. 
By the odorant addition any physical or chemical property 
(except the smell) of nG cannot be changed. as odorants 
organic sulfur compounds are often use (mercaptans and sul-
fides). nowadays a new type of sulfur free odorant is being 
introduced to the nG market.

The nG odorisation in fact does not have any techno-
logical purpose; its main sense consist in evoking psycholo-
gical effect, because the odour of nG must be alarming and 
incommutable with any common smell.

in the Czech republic the odorisation process is speci-
fied by the technical regulation TPg 918 01. This regulation 
lists as odorants just organic sulfur compounds. However, it 
does not mean that sulfur-free odorants can not be used.

experimental
The main task of natural gas odorisation is to ensure 

such operating condition when natural gas in every part of 
the distribution grid fulfils the requirement of a “warning 
odour level”. in case of a gas leakage the warning odour level 
(see Table i.) must be reached until the 20 % of lower exp-
losive limit (LEL; Ld) is reached. odorisation level can be 
verified by:

The odorisation level control – which can be done by 
olfactometry in selected points on distribution grid or by 
means of questionnaires at selected representative sam-
ple of customers. in both cases indirect indicators are 
taken into account so that both forms are considered to 
be subjective methods. 
odorant concentration measurement – in natural gas can 
be estimated continuously or discontinuously in selected 
points on grid. in this case particular concentration of 
odorant in nG is measured. This is so called objective 
method.

•

•

The aim of this work was a critical comparison of the 
subjective odorisation control (according to TPG 91801) 
with the objective odorisation control. it means direct measu-
rement of an odorant concentration in nG using modern ana-
lytical techniques and comparison with results from olfacto-
metry measurement.

A n a l y t i c a l  E q u i p m e n t
The accurate odorant concentration in nG was esti-

mated by gas chromatograph HP 6890 equipped with mass 
detector mSd 7393 (Hewlett-Packard). For the analysis Su-
pelco 24158 SPB-1 Sulfur (30 m × 320 μm × 4 μm) column 
was used. Starting temperature was 30 °C with heating rate 
15 °C min–1. The analysis terminated at 110 °C.

The odorisation level control was estimated by dynamic 
olfactometry using olfactometer Ecoma To 8-8. The proce-
dure is based on step-by-step evaluation of olfactory percep-
tion of at least four (max. eight) observers. a sample of odo-
rised natural gas is diluted by synthetic air in ratios between 
1 : 131,072 and 1 : 8 (nG:air). as soon as the observer indi-
cates olfactory perception to be odour treshold (or warning 
odour level) the actual dilution of the sample is recorded.

T e r m i n o l o g y
minimal odorant concentration represents the odorant 

content in nG [mg m–3] which fulfill the requirement for cre-
ating warning odour level – grade 3 (see Table i). 

Estimation of the minimal odorant concentration is 
determined by: 

K value [mg m–3] which represents the minimal concen-
tration of an odorant in natural gas-air mixture which 
reliably ensures the warning odour level,
lower explosive limit (Ld) –expressed by % vol. of natu-
ral gas in air,
and from the requirement to evoke the warning odour 
level before one fifth (i.e. 20 %) of LEL of natural gas 
in air is reached. 

minimal odorant concentration cn can estimated accor-
ding to the following formula:

d
n L

Kc
⋅
⋅

=
2.0

100

 
[mg m–3]. (1)

Typical K values of commonly used odorants are 
0.08 for tetrahydrothiophene, 0.03 for mercaptans and  
0.07 mg m–3 for the GaSodor S-free odorant.

odour intensity is the extent of odour perception which 
is by the odour evoked. Commonly the odour intensity is eva-
luated as an odorisation level. List of odorisation levels can 
be found in the Table i.

results
Two samples of a real odorised “russian” natural gas 

sampled directly from natural gas pipeline into tedlar sam-

•

•

•
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ple bags were used for all experiments. Both samples were 
analyzed by GC-mS and an overview of obtained odorant 
concentrations is given in Table ii.

For the estimation of odorisation level shortened exa-
mination described in technical norm čSn 38 55501 was 
applied. in this test the odour threshold (grade 1) is esti-
mated as a first point and the warning odour level (grade 3) 
as a second point. From obtained data (mean value from all 
observers mean values) the dependence of odorisation level 
on odorant concentration in natural gas was created.

The measurement was carried out by two different 
groups of observers. 

The first one (gROUP 1), consisted of professional 
observers who satisfied the conditions listed in čSn En 
137253 for performing the olfactometry measurement.

The second one (GroUP 2), consisted of observers who 
are performing the subjective odorisation control in gas dis-
tribution companies.

obtained data are given in Figs. 1. and 2. Each of them 
represents the dependence of odorisation level on the odorant 
concentration in natural gas – air mixture.

conclusions
Performed measurement shows considerable subje-

ctivity of an olfactometry measurement of the odorisation 
level. While observers from Group 1 respond accurately with 
minimal deviations, observers from Group 2 respond in wide 
range of dilution with considerably scattered results. This 
result is connected with the sensitivity threshold across popu-
lation and to some extent with professional deformation of 

employees carrying out the on-site olfactometry odorisation 
control of nG at selected points on natural gas grid.

From the data obtained from Group 1, the K value for 
the odorant used in samples can be estimated. This value 
is considerably lower than the K value, which is currently 
used in the Czech republic (the obtained K value lies under 
0.003 mg m–3 comparing to published 0.07 mg m–3 in the 
national technical regulation2).

as a main result of accomplished experiments it can be 
strictly recommended to prefer objective method for periodic 
odorisation control. nowadays gas distribution companies 
slowly change the way of odorisation control considering the 
objective control as the guarantee of safe gas distribution and 
utilization up to end customers.

This work has been partly supported by MSM 604 613 
73 04.
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Table i
odorisation Levels according to TPG 918 01(ref.2)

 odorisation
 level olfactory perception Comment
 (grade)
 0 odour not detected –
 1 very low intensity odour threshold
 2 Weak odour –
 3 mean odour Warning odour level
 4 Strong odour –
 5 very strong odour –
 6 Extremely strong Upper limit of intensity
  odour

Table ii
Samples overview

  dmS TBm Total
   [mg m–3]
 Sample 1 2.71 3.31 6.02
 Sample 2 3.32 4.35 7.67

Fig. 1.	 Dependence	of	odorisation	level	on	the	odorant	concen‑
tration	for	Sample	1

Fig. 2.	 Dependence	of	odorisation	level	on	the	odorant	concen‑
tration	for	Sample	2
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introduction
Soil is a determining component of environment by 

its range and function that belongs to the basic technologic 
instruments and it is not an only revealing resource. agro-
cosystems and mainly soil of these actively react on entries 
of polluted substances, which cause its biological degrada-
tion. inorganic contaminants belong to main factors of bio-
logical degradation, heavy metals and metalloids are cum-
mulated in soil environment. our soils situated in key area 
(Strednozemplínska area) are exposed to an emissions effect 
from many sources for a long time period. it is proved mainly 
by acidification of soil horizons, exceeded content of heavy 
metals in soil and consequently in above-ground mass in this 
contaminated were found.

experimental
We have collected the soil samples from exactly given 

places by the GPS system. Then we have processed infor-
mation in the oziExplorer program, where the gained points 
were also evaluated. We have gained the soil samples from 
two depths 0–0.1 m (a horizon) 0.2–0.35 (B horizon). The 
soil samples have been taken by geological probe GeoSamp-
ler. The contents of the risky elements has been elevated on 
areas with active agricultural activity in Humenné location 
where we could assume that the observed area is contami-
nated by the reason of widespread industrial activity in this 
region. The contents of risky elements were determinated 
in aqua regia as a pseudototal content in 2m Hno3 as the 
potential mobilized forms.

results
The total content of the risky elements in soils includes 

all forms of the occurrence of exact element in soil. in our soil 
samples we have determined the contents of these chosen risky 
elements Cd, Pb, ni, Zn, Cu, Cr, Co. We have evaluated the 
measured results by law no. 220/2004 about protection and 
exploitation of agricultural soil and resolution no. 531/1994. 
The evaluated area has exceeded the limit values in aqua regia 
solution in a horizon in the case of four following risky ele-
ments Cd, ni, Zn and Co. Content of Cd was increased in all 
gained points in the observed horizon. The interval of values 
has been in range of 1.10 to 1.90 mg Cd kg–1 soil. The highest 
value presented was exceeding 171 % to the limit value. The 
content of ni moved in wide interval of 40.4–70.4 mg ni kg–1 
of soil. at the highest content the limit value has exceeded by 

40.8 %. The limit value of Zn enhanced in one gained point 
where the value presented 153.2 mg kg–1 that means excee-
ding at 2.1 %. The content of Co moved in wide interval from  
19.6–29.6 mg kg–1. The limit value for Co exceeded in all 
gained points. Limit value was at the highest concentration 
enhanced by 97.3 %.

in B horizon in digestion of aqua regia the limit values 
of all metals also exceeded. The content of Cd was increased 
in the observed horizon by all gained points. The interval of 
the value moved from 1.30 to 2.0 mg Cd kg–1 of soil. The con-
tent of Pb moved in wider range 39.6–114.8 mg Pb kg–1 
of the soil and it was measured in two gained points. The 
highest content means increase at 64 %. The content of ni 
exceeded in six gained points. The highest content presented 
the value 52.8 %. The increased content of Cu and Cr at the 
present area has a detailed character; the highest value of 
Cu exceeded the limit value at 12.6 %. The highest measu-
red value of Cr, 86.8 mg kg–1 soil means increasing by 24 %. 
measured values of Co we have found were in a range from 
19.2–40.0 mg kg–1. The limit value for Co was exceeded in 
all gained points. The content of heavy metals in 2m Hno3 
solution represented the potential mobilized content which 
includes different fraction of elements from the view of their 
solubility. The content of Cd in a horizon in Humenné area 
has moved in the range of interval 1.9–3.2 mg kg–1. The value 
3.2 mg kg–1 presented 10.6 fold increasing towards the refe-
rence value. The contamination by Cd has a broad character 
and affects all the gained points. The measured value of Pb was 
in the range 13.1–185.0 mg kg–1. other values of the heavy 
metals which were measured in a horizon doesn’t express the 
enhanced potential mobility and their contents were under the 
limit value. The content of Cd in B horizon was in the range 
1.9–3.5 mg kg–1. its highest value is increased at 11.6 fold 
to the reference value. The content of Pb in potential avai-
lable form was in the range 100.4–253.6 mg kg–1 in B hori-
zon. risky elements have ability to get from the foodstuffs 
from soil, water and air as contaminants, some of them could 
be natural compounds of foodstuffs. By evaluation of grin-
ding fractions from the standpoint of heavy metals we have 
found out that the limit value of Co has been exceeding. The 
value of Co was in the range 0.047–0.287 mg kg–1 the area of 
Humenné. The highest acceptable amounts exceeded in the i. 
and iv. milling fractions. The limit value has been enhanced 
at 218.5 %. The content of Pb was 2.5 fold higher than the 
limit value in the analyzed wheat grain. The cultivated winter 
wheat is not suitable for food processing from the point of 
Foodstuff Codex.

conclusions
The contamination in the monitored area has an anthro-

pogenic character which is caused by the industrial emissions 
produced by chemical factories situated in the surroundings 
Strážske and Humenné. With the observation of pseudototal 
(total) and potentially mobile contents of the risky and trace 
elements in area of Humenné, we can state that the contents 
of risky elements in a horizon exceeded in the case of Cd, 
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ni, Co and Zn. The pseudototal contents of the determined 
elements show the local enhancement of all heavy metals in 
B horizon. The potentially mobilized forms of the risky ele-
ments were assessed in 2m Hno3 these limit values excee-
ded in horizons a and B in the case of Cd and Pb. The highest 
acceptable amounts were increased in the i. and iv. milling 
fractions.

This work has been supported by project VEGA No. 
1/0339/08.
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introduction	
The quantity and quality of soil organic matter (SOM) 

are the most important characteristics, which influence the 
sustainable development. much more sensitive indicators of 
dynamic changes of C and n are their fractions, labile car-
bon or potentially mineralizable nitrogen1. Techniques for 
isolating individual carbon fractions are different. Usually 
there is acid hydrolysis by H2So4 with different concentra-
tions2 or HCl3.	other developed method was a fractionating 
method of Som and fractions or substrates of Som based on 
the susceptibility to oxidation by permanganate4. Modifica-
tion and standardization of Kmno4 oxidation technique5 has 
increased the precision and simplified the technique, using 
only one concentration of Kmno4, thereby dividing soil car-
bon into labile (CL) and non-labile (CnL) carbon. research 
focuses on possibilities of Som changes evaluation through 
the CT – total organic carbon, CL – labile carbon, CnL – non-
labile carbon, LC – lability of soil organic carbon, LiC – labi-
lity index of carbon, CPi – carbon pool index, Cmi – carbon 
management index, nT – total nitrogen, nL – potentially mine-

ralizable nitrogen, nnL –non-labile nitrogen, Ln – lability of 
soil nitrogen, Lin – lability index of nitrogen, nPi – nitrogen 
pool index, nmi – nitrogen management index and selection 
of suitable parameters for sensitive reaction on Som changes 
also in agro-ecosystems.

experimental
The studied territory of malanta (lat. 18°08’n and long. 

18°08’E) is located in the lower part of Selenec creek basin 
and its tributaries which belong to the central part of nitra 
river basin. The geological substratum is created of few 
existing rocks with high quantities of fine materials. The soil 
is orthic Luvisol. The average annual temperature of air was 
9.6 °C and mean annual precipitation was 633 mm. The pro-
ject with ecological (ES) and integrated (iS) farming systems 
was established in 1990. We collected the soil samples in the 
period 2005–2007. We determined CT

6, CL
4, nT

7 and nL
8

 in 
soil samples. We calculated CnL, LC, LiC, CPi and Cmi5. We 
used this procedure for evaluating changes of soil nitrogen, 
as well. data were analyzed using analysis of variance and 
differences were determined using the duncan test. We used 
correlation to determine the relationships between studied 
parameters.

results	
Statistically significant higher average contents of CL 

were determined in ES than iS. Higher content of CL was 
in fertilized variants than in variants without fertilization 

(Table i).
in our study contents of phosphorus (r = 0.599, P < 0.01) 

and potassium (r = 0.488, P < 0.05) had statistically significant 
influence on CL. LC was higher in fertilized variants (0.223) 
than in variants without fertilization (0.202). LC was in nega-
tive correlation with pHKCl (r = –0.452, P < 0.05). values of 
LiC were in correlation with pHKCl (r = –0.471, P < 0.05). on 
average, statistically significant higher average CMI value 
was in iS (1.38) than in ES (1.13), which showed on higher 
changes in organic carbon sources in ES. Cmi values showed 
whether dominant processes are carbon losses or processes of 
new organic substances production. Statistically significant 
differences of nL contents were also found between farming 
systems. on average higher nL content was in ES 129 mg kg–

1 than in iS 100 mg kg–1. values of nL were in negative cor-
relation with base exchangeable cations (r = –0.416, P < 0.05) 
and degree of saturation (r = –0.404, P < 0.05). Content of 
nnL was in positive correlation with content of phosphorus 
(r = 0.564, P < 0.01) and potassium (r = 0.664, P < 0.01). 

conclusions
The results focused on the necessity of application, 

predominantly of carbon and nitrogen fractions on the eva-
luation of quality changes and losses of SOM. According to 
statistical assesment suitable parameters for sensitive reac-
tion on Som changes in agro-ecosystems seems to be mainly 
parameters CL, LC, Cmi and nL.

Table i
Mean values of parameters of SOM quality

 Farming system Plot
  ESa iSb 5 7
 LC 0.216ac 0.229a 0.224a 0.222a

 LiC 1.045a 1.170a 1.100a 1.117a

 CPi 1.076a 1.182a 1.162a 1.095a

 Cmi 1.126a 1.380b 1.274a 1.232a

 Ln 0.109a 0.078a 0.103a 0.085a

 Lin 2.304a 1.167a 2.079a 1.392a

 nPi 1.090a 0.997a 1.132a 0.955a

 nmi 2.542a 1.123a 2.359a 1.306a

   [g kg–1]
 CT 12.885bc 11.422a 12.205a 12.102a

 CL 2.289a 2.122a 2.220a 2.191a

 CnL 8.963a 9.299a 8.352a 9.910a

   [mg kg–1]
 nT 1338.2a 1168.3a 1341.7a 1164.8a

 nL 129.2b 100.2a 122.5a 106.8a

 nnL 1209.0a 1068.2a 1219.2a 1058.0a

aEcological farming system,
bintegrated farming system,
cvalues followed by the same letter within each column are 
not significantly different at P < 0.05
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introduction
The soil quality is derived from its loading by hazardous 

substances. The loading of soil occurs when the soil is not 
able to lower the negative influences of the heavy metals. The 
reference value, which represents natural content of heavy 
metals in soil, forms the basis for evaluation of the content of 
heavy metals in soil. The important parameters for the input 
of heavy metals from soil into plants are: the soil reaction, 
the content and the quality of organic matter, the nutrition 
of plants, cation exchange and sorption capacity, the micro-
biological activity, the oxidation and reduction potential, the 
amount and the quality of the clay fraction of soil and the 
methods of soil cultivation, etc.

experimental
The hazardous heavy metals were determined in eight 

soil subtypes. Their choice was concentrated on the lowland 
regions (Trnovec n/V. – haplic chernozems, Imeľ – eutric 
fluvisols, čičarovce – luvic stagnosols, Dolný Štál – mollic 
fluvisols, Veľké Leváre – haplic arenosols, Malanta – haplic 
luvisols). We took four parallel soil samples to be able to exa-
mine the soil homogenity of the monitored area. The sam-
ples from the pedological probe were taken from the depth 
of 0–0.1 m; 0.20–0.30 m; 0.35–0.45 m. The state of the soil 
hygiene was examined by evaluation of the total contents of 
Cd, Pb, Cr, Cu and Zn. The total contents were determined af-
ter the mineralization by wet way H2So4, Hno3 and HClo4 
using the method of atomic absorption spectrometry. We also 
determined the heavy metals in the pedological probe to be 
able to estimate the anthropogenical and geochemical ori-
gin of the heavy metals. The above mentioned heavy metals 
were determined in the extract of 2m Hno3 and in cold. The 
mobilizable forms of heavy metals were determined in the 
extract with 0.05m EdTa. The mobile heavy metal forms 
were determined in extract of 0.01m CaCl2.

results
The valid legislation was used for the evaluation of soil 

hygiene. The evaluation is influenced by determination of the 
total contents of heavy metals and by the determination of 
heavy metals in 2m Hno3 leach. Contents of heavy metals 
in 2m Hno3; 0.05m EdTa and 0.01m CaCl2 and the per-
centage abundance of Zn, Cu, Cr, Pb and Cd in individual 
extractants. The following order of extractability for indi-
vidual extractants is evident. The results of determination 
of actual mobilizable forms are considered to be the most 
acceptable. The percentage contents of individual heavy 

metals and the total content of heavy metals in highly conta-
minated soil are as follows: Zn 1.7–13.9 %; Cu 14.1–62.6 %; 
Cr 0.1–1.3 %; Pb 14.6–24.1 %; Cd 12.9–22.8 %. EdTa and 
natrium and ammonium of EdTa are able to form stable 
and defined complexes with heavy metal cations and they 
cause the solubility of carbonates and oxides Fe and al. The 
exctracted contents of heavy metals were measurable during 
the use of flame AAS. The mutual interactions of Zn, Cu, Cr, 
Pb and Cd with the soil components influence the pH value, 
content and quality of organic substances. Apart from the 
above mentioned soil properties, there are many other varia-
ble soil properties. The lowest Zn solubility was determined 
in subtypes of luvic stagnosols and eutric cambisols with pH 
values in the acid part and the quality of mould expressed 
by the ratio of humic acids to fluvic acid was the lowest but 
on the other hand the percentage of mould has one of the hi-
ghest values. The solubility of Cu in 2m Hno3 and in 0.05m 
EdTa was in all soil subtypes the highest and it is especially 
valid for haplic arenosols, haplic chernozems, mollic fluvi-
sols (FLm). The order of solubility for the determined ele-
ments and and extractants was as follows: 2m Hno3 > 0.05m 
EdTa > 0.01m CaCl2.

The lowest amount of Cd and Pb from haplic areno-
sols (rmg) were extracted by extraction with 2m Hno3 and 
0.05m EdTa and the highest amounts of Cd were obtained 
from mollic fluvisols, haplic chernozems. The evaluation of 
heavy metal contents extracted from individual extractants 
at different pH values, the content of mould and its qualita-
tive composition is not unequivocal and dependence between 
variable soil properties and conditions of environment 
disappear.

The solubility of Cu in 2m Hno3 and in 0.05m EdTa 
was in all soil subtypes the highest and it is especially valid 
for haplic arenosols, haplic chernozems, mollic fluvisols. 
The order of solubility for the determined elements and and 
extractants was as follows: 2m Hno3 > 0.05m EdTa > 0.01m 
CaCl2. We think that the best extractant is 0.05m EdTa with 
restriction to Cd, Pb, Cu and partially for Zn. it is not possible 
to find an universal extractant for evaulation of heavy metals 
mobility in soil.

conclusions
(i)The extractability for individual ectractans is evident: 

2 mol dm–3 Hno3 : Cu > Cd > Pb > Zn > Cr; 0.05 mol dm–3 
EdTa: Cu > Cd > Pb > Zb > Cr; 0,01 moldm–3 CaCl2: 
Cd > Cu > Pb > Zn > Cr. (ii) it is necessary to emphasize the 
differences in solubility between the highly contaminated 
eutric cambisols of Stredný Spiš and other analyzed soils. 
The different solubility is in all extractants and heavy metals 
except the solubility of chromium in 0.05m EdTa and 
0.01m CaCl2. it is probably connected with the high portion 
of heavy metals of immissional origin. The other analyzed 
soil subtypes have a low solubility of Zn in Hno3 and EdTa 
in luvic stagnosols.
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introduction
The concentration of as and Tl in the environment is 

controlled by strict guidelines. Since considerable affection 
of the human organism is described for as and Tl1,2. Te is 
more toxic than Se but little is known about its requirements. 
Se is longely known for its ambivalency and particular essen-
tiality for the human and animal organism and its implication 
in various enzymes on trace levels. arsenic compounds are 
an important dopant for the semiconductor silicon production 
and a modifier of mechanical properties in lead and copper 
alloys. Complicated hydrolytic equilibria can be present in 
dilute aqueous solutions in dependence on pH3.in fact, these 
equilibria in aqueous solutions have little influence on the 
results of iCP-mS only. The multicomponent microdetermi-
nation of inorganic as, Sb, Se, Te and Tl with iCP-mS is 
remarkable selective and sensitive and has not been studied 
in detail4.

experimental
C h e m i c a l s

Standard solutions of Se, Te, as, Sb and Tl with 
100 μg dm–3 were prepared by dilution from original solu-
tions containing 1.000 ± 0.002 g dm–3 metals which were 
purchased from analytica s.r.o., Prague.

a multicomponent standard containing 
1.000 ± 0.002 g dm–3 al, Ba, Ca, Cd, Co, Cr, Cu, Fe, mg, mn, 
na, ni, Pb, Ti, Zn was also from analytica s.r.o. Prague. 

The tuning solutions for iCP-mS were 1 mg dm–3 of 
Ce3+, Li, y, and Tl+ in 2% Hno3. in such solution must be 
the ratio Ceo+/Ce+ ≤ 1.5 % and Ce2+/Ce+ ≤ 3 % for bivalent 
ions. The solution containing 1 mg dm–3 of Co2+ in 1% HCl 
was used for tuning with the Helium collision cell.

i n s t r u m e n t a t i o n
an iCP-mS spectrometer agilent 7500ce Japan was 

used with a plasma generator of 27.12 mHz and the power 
output 1,500 W. The sample nebulized by a concentric silica 
nebulizer micromist™ with a cooled Scott chamber entered 
by an injector of 2.5 diameters into the plasma.

The flow of the carrier argon trough the nebulizer was 
1 dm3 min–1 and contained the make up argon 0.33 dm3 min–1. 
a constant temperature 2 °C of the nebulising chamber was 
maintained.

results
no polyatomic interferences were observed for selected 

isotopes 75as, 82Se, 121Sb, 125Te and 205Tl such as ar2+, arH+, 
aro+ and arn+. Six-points calibration plots for selected ele-
ment isotopes were strictly linear for concentrations less than 
1,000 μg dm–3 in solutions containing 0.5% Hno3. The sig-
nal intensity considerably decreases with the increasing con-
centration of acids. For the hydrochloric acid the decrease is 
6 % for 205Tl and 11% for 75as with 5% HCl, With Hno3, 
the decrease is 30% for 82Se and 125Te but for 75as and 205Tl 
15%. The medium of 0.5% Hno3 is optimal and recommen-
ded for the measurement.

i n t e r f e r e n c e s
The effect of 1–250 mg dm–3of na, K, Ca, mg, al, 

Fe(III), on the signal intensity was evaluated for 100 μg dm–3 
in 0.5 % Hno3. For 1–10 mg dm–3 of the matrix element the 
error for the microelement signal does not exceed 5 %. For 
50 mg dm–3 of the matrix element, the error for the micro-
elements increased to 15–20 % in the presence to Ca, mg, 
al and Fe(iii). on the other hand, 250 mg dm–3 of na and K 
cause less than 10% error for 100 μg dm–3 as, Se, Sb, Te, Tl. 

In the presence of 1–100 μg dm–3 of multicomponent 
solution containing al, Ba, Ca, Cd, Co, Cr, Cu, Fe, mg, mn, 
na, ni, Pb, Ti, Zn with 100 μg dm–3 of 75as, 82Se, 121Sb, 125Te 
and 205Tl a considerable interference was observed and the 
signal decreased up to 70 %. The error can be decreased in 
the presence of 100 μg dm–3 of internal standard. 72Ge was 
suitable for 75as in the He mode and 82Se in the normal mode 
and 209Bi was suitable for the remaining elements measured 
in normal mode (Fig. 1.).

a p p l i c a t i o n  o f  W a t e r  S a m p l e s 
Five-point strictly linear calibration plots with spiked 

microelements were carried out for all kinds of waters. The 
slopes of the regression lines were compared with that of ultra 
pure water to evaluate the influence of the matrix which cause 
some signal decrease by 5 %. This error can be diminished by 
using internal standards especially for sea and mine waters. 

Fig. 1. The influence of multicomponent standard on the inten‑
sity of signal of 100 μg dm–3	of	75as,	82Se,	121Sb,	125te	and	205tl	in	
the	presence	or	absence	of	internal	standard	(72ge	and	209bi)
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The detection limits were expressed according to UPaC5. 
For 75As was the limit of detection 0.05–0.08 μg dm–3,  
for 82Se 0.04–0.03 μg dm–3, 121Sb 0.03–0.01 μg dm–3, 
125Te 0.3–0.02 μg dm–3 and for 205Tl 0.005–0.2 μg dm–3.

The evaluation of the contents of microelements resulted 
form spikes 1, 3 and 5 μg dm–3 in solutions containing 0.5% 
Hno3. The proper contents of the microelements in the sea 
and mine waters resulted from the corrected calibration plot 
by the standard addition method since their contents is higher 
than the detection limit of these elements.

For the drinking, surface and mineral waters, the eva-
luation was realized directly from the spikes, comparing the 
corrected regression equation of the calibration plot. This 
was because the amounts of microelements were below their 
detection limit.

Selected internal standards 72Ge for 75as in the He mode 
and 82Se in the normal mode and 209Bi for the remaining ele-
ments, measured in normal mode were always used during 
evaluation. The confidence intervals according to Dean and 
dixon statistics6 for triplicate analyses were used.

conclusions
75as, 82Se, 121Sb, 125Te and 205Tl were determined in the 

concentration range ≤ 1,000 μg dm–3 in solution with 0.5% 
Hno3 in the absence and presence of internal standards 72Ge 
for 75as in the Helium mode, 72Ge for 82Se in the normal 
mode and 209Bi for 121Sb, 125Te and 205Tl when the nor-
mal mode was used. 100 μg dm–3 of the microelement can 

be determined in the presence of 50 mg dm–3 of Ca, mg, al, 
Fe(iii) with 15–20% error but in the presence of 200 mg dm–3  
of na, K with 10% error only. in the presence of 250 mg 
of a multicomponent sample with 100 μg dm–3 of studied 
elements the signal decrease. The error was decreased in the 
presence of 100 μg dm–3 of internal standard.

For water samples the standard addition method was 
used for sea and mine water only to evaluate the microele-
ments because the concentration of microelements exceeds 
the practical detection limits from the iUPaC recommen-
dation. For surface and potable waters with the amounts 
of microelements below the detection limit three spikes were 
directly evaluated in triplicate according to dean and dixon 
statistics in the presence of internal standards.
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Table i
Evaluation of results from 1, 3 and 5 μg dm–3 spikes used

  drinking water Surface water mineral water
 205Tl 1.004 ± 0.005 3.006 ± 0.010 5.004 ± 0.009
 125Te 1.003 ± 0.004 3.004 ± 0.009 5.005 ± 0.012
 121Sb 1.003 ± 0.004 3.003 ± 0.008 5.003 ± 0.009
 82Se 1.003 ± 0.002 3.004 ± 0.006 5.004 ± 0.007
 75as 1.001 ± 0.003 3.001 ± 0.005 5.001 ± 0.004

Table ii
Evaluation of results by the method of standard deviation in 
the sea and mine watera

  Sea water mine water
 205Tl 0.017 ± 0.025 0.811 ± 0.036
 125Te 0.022 ± 0.019 0.421 ± 0.032
 121Sb 0.020 ± 0.013 0.229 ± 0.029
 82Se 0.054 ± 0.015 1.012 ± 0.014
 75as 0.020 ± 0.033 0.537 ± 0.041
aFive-points calibration plots used
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introduction
The determination of toxic or ambivalent microelements 

arsenic, antimony, selenium and tellurium in water samples 
requires inevitably a preconcentration prior to the determi-
nation by iCP-aES. The separation and preconcentration by 
various solid phase extractions were earlier studied and such 
technique widely used for water samples. The complexa-
tion of these elements with organic reagents is of particular 
interest when interacting with various kinds of silica sorbent 
used.1–5 The combination of organic reagent with cationic 
surfactant was examined for sorption in this paper.

experimental
C h e m i c a l s

all chemicals and solvents used were of analytical grade 
quality.

astasol standards for arsenic, antimony, selenium and 
tellurium containing 1.000 ± 0.002 g dm–3 of element were 
from analytica™ Prague, Czech republic. 

The cationic surfactant 1-ethoxycarbonylpentadecyltri-
methylammonium bromide (Septonex®) from aventa, Czech 
republic and organic reagents 4-(2-Pyridylazo)resorcinol 
(Par), Pyrrollidincarbodithioate (aPdC), thiourea (THU) 
and 1,2-dihydroxybenzene (Pyr) from Lachema, Czech 
republic, diethyldithiocarbamidate (dTC) from Fluka, 
Switzerland and 8-hydroxyquinoline-5-sulphonic acid (8-
HQS) from aldrich, Germany were used. 

Modified sorbents were Separon™ SgX C18, C8, SgX 
nH2, SGX Cn, SGX rPS and SGX Phenyl with particle size 
60 μm, from Tessek™ Prague, Czech Republic.

i n s t r u m e n t a t i o n
an echelle based iCP-spectrometer with a prism-predis-

perser iriS aP™, (Thermo Jarell ash) and Cid detector with 
512 × 512 pixels for 195–900 nm, axial plasma discharge of 
1.35 kW and echelle grating with 54.4 lines were used. 

The following spectral lines [nm] as 228.8, Sb 231.1, 
Se 190.6 and Te 214.2 were suitable for final evaluation 
only because of their high intensity, selectivity and low bac-
kground influences.

results
S o r p t i o n  o f  E l e m e n t s  o n  t h e 
S i l i c a  S o r b e n t  i n  t h e  P r e s e n c e  o f 
S u r f a c t a n t

Prior to the sorption, the column was conditioned 
successively with 10 ml of distilled water and 10 ml of  
5 × 10–4– × 10–2 mol dm–3 aqueous solution of surfactant. 
50 ml of solution containing 1 mg dm–3 of as, Sb, Se and 
Te (each of them) was always sorbed by a flow rate 1.0–
3.0 ml min–1 at pH 7. The column was then rinsed with 10 ml 
of distilled water and the elements eluted with 10 ml of ace-
tone-ethanol (1 : 1) mixture in the presence of 0.1 mol dm–3 
HCl which showed the highest elution efficiency. The organic 
eluent was always removed by evaporation under an infra-red 
lamp to 1 ml in a suitable Teflon dish.

5 × 10–3 mol dm–3 Septonex® is optimal for the retention 
of inorganic form of as, Sb, Se and Te. The recovery values 
decrease from concentration larger than 1 × 10–2 mol dm–3 
Septonex® because of the competing influence of micelles 
formed under these conditions in solutions. The recovery was 
nearly 100 % on SGX C18 (C8) for Sb, Se and Te but for as 
it reaches 60 % only. On the other sorbents, the sorption effi-
ciency decreased. as was retained from 4 % on SGX Phenyl 
to 15 % on SGX Cn. 70 % retention of Sb was on SGX nH2. 
The recoveries for Se were about 90 % for SGX nH2, rPS 
and Phenyl. on the other hand, more than 40 % of Te was 
retained on sorbent SGX rPS and nH2.

E f f e c t  o f  o r g a n i c  r e a g e n t s
The retention of monitored microelements was carried 

out from 50 ml of solutions containing 1 mg dm–3 of each 
metal with organic reagents when the column was previously 
conditioned by 5 × 10–3 mol dm–3 Septonex® only.

The sorption from solution containing 0.85 × 10–4–
3.35 × 10–4 mol dm–3 PAR was quantitative for Separon™ 
SGX C18, SGX C8, SGX Cn for Sb, Se and Te. on SGX 
C18 and C8 the retention of complexes was nearly 100 % for 
2.77 × 10–4–1.1 × 10–3 mol dm–3 8-HQS and also 6.25 × 10–4 

–8.33 × 10–3 mol dm–3 Pyr. The recoveries about 90 % 
were observed for 4.86 × 10–4–7.29 × 10–4 mol dm–3 aPdC 
and about 80 % for 4.90 × 10–4–1.50 × 10–3 mol dm–3 dTC 
or 1.05 × 10–3–4.20 × 10–3 mol dm–3 THU for Sb, Se and 
Te. The sorption of As was far from being quantitative.  
1.70 × 10–4 mol dm–3 Par can be used for the retention of as, 
Sb, Te on SGX nH2 and SGX rPS for as, Sb, Se. on the 
other hand, 2.77 × 10–4 mol dm–3 8-HQS is optimal for Se on 
SGX nH2 and SGX Phenyl and 2.43 × 10–4 mol dm–3 dTC 
was suitable for the retention of Te on SGX rPS, SGX Phe-
nyl and for as on SGX Phenyl.

E f f e c t  o f  S a m p l e  v o l u m e
The influence of sample volume was tested for the reten-

tion from 50–1,000 ml solution containing 0.2–0.01 mg dm–3 
each of element in the presence of the particular organic rea-
gents after conditioning. This corresponds to a 5–100-fold  
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enrichment of As, Sb, Se and Te which enables the final use 
of iCP-aES.

volumes of up to 1,000 ml have no effect on the reten-
tion efficiency on Separon™ SgX C18, C8 and SgX RPS. 
The sorption is however quantitative from 500 ml only on 
SGX nH2, SGX Cn and SGX Phenyl. The weakening of the 
retention forces of ionic associate or complexes on the sur-
face of sorbent may supports the subsequent washing out of 
the element species from the column.

a p p l i c a t i o n  f o r  W a t e r  S a m p l e s  o n 
S e p a r o n ™  S G X  C 1 8

Standards of folowing elements were spiked to equili-
brated drinking, mineral and river water samples containing 
no detectable amounts of these elements. The Separon™ SGX 
C18 was previously conditioned by 10 ml of distilled water 
and 10 ml of 5 × 10–3 mol dm–3 Septonex®. The sorption was 
provided from 250 ml of sample solutions in the presence of 
1.68 × 10–4 mol dm–3 Par. conclusions

The separation and preconcentration of arsenic, 
antimony, selenium and tellurium in the presence of  
1.68 × 10–4 mol dm–3 4-(2-Pyridylazo) resorcinol after pre-
vious conditioning with 5 × 10–3 mol dm–3 Septonex® was 
described in this paper. This procedure was successfully used 
for determination of these elements by iCP-aES in real water 
samples.
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Table i
The recovery (%) of arsenic and antimony in water samplesa

 Spikes celement
b 

arsenic antimony [mg dm–3] [mg dm–3]
 mineral water
 0.25 0.01 58.30 ± 2.44 98.74 ± 2.70
 0.50 0.02 60.02 ± 2.60 101.3 ± 3.40
 1.00 0.04 60.23 ± 3.36 99.54 ± 2.87
 river water
 0.25 0.01 59.71 ± 3.14 100.9 ± 2.39
 0.50 0.02 60.90 ± 2.69 97.26 ± 3.53
 1.00 0.04 62.34 ± 2.43 100.9 ± 3.09
aThe analysis was carried out in triplicate and evaluated 
according dean and dixon6

bConcentration in 250 ml of water sample

Table ii
The recovery (%) of selenium and tellurium in water sam-
plesa

 Spikes celement
b 

Selenium Tellurium [mg dm–3] [mg dm–3]
 mineral water
 0.25 0.01 100.5 ± 2.57 100.5 ± 3.06
 0.50 0.02 98.60 ± 3.00 99.50 ± 3.07
 1.00 0.04 99.23 ± 2.66 99.78 ± 2.33
 river water
 0.25 0.01 99.78 ± 2.71 100.8 ± 2.35
 0.50 0.02 98.90 ± 2.80 99.64 ± 2.47
 1.00 0.04 101.7 ± 2.11 100.2 ± 1.73
aThe analysis was carried out in triplicate and evaluated ac-
cording dean and dixon6

bConcentration in 250 ml of water sample



Chem. Listy, 102, s265–s1311 (2008) Environmental Chemistry & Technology

s499

P79	 treating	WaSteWater	by	USing	of	
bioceramic	filterS

a. vaŠKová, i. ŠTyriaKová and v. SnoPKová
Department of Biotechnology, Insitute of Geotechnics of the 
Slovac Academy of Sciences , Watsonova 45, 043 53 Košice, 
Slovakia,
avaskova@saske.sk

introduction
nowadays, the control and treatment of industrial efflu-

ents has become one of the most important steps of the pro-
ductive process, since the regulatory offices have been very 
rigorous about this subject1.

Heavy metals are a group of contaminants that are high 
toxic to humans, animals, and aquatic lives and are com-
monly found in many munic pal and industrial wastes4. The 
toxicity of copper released into the environment has trigge-
red a number of studies aimed at its removal from aqueous 
solutions. as a treatment approach, sorption in columns has 
widely been used in water treatment2. The using of biocera-
mic filters based on iron oxides, quartz sand, clay minerals, 
and bacteria could be an alternative way to remove heavy 
metals from industrial effluents. Iron oxides, a common con-
stituent of soils, sediments, and aquifers, have high surface 
areas and are capable of adsorbing a significant quantity of 
metals. They are dominant adsorbents in many environments 
because of their capability to be finely dispersed and act as 
coatings on other particles3. a number of studies on metal 
uptake using quartz sands and clay minerals, have been con-
ducted and results have shown good adsorption properties 
due to its metal-binding capacity and high surface area. Bac-
teria, in particular, are effiecient sorbents of heavy metals, 
although subtle differences can be seen between species and 
under various physicochemical conditions. Previous studies 
showed that the gram-positive bacteria Bacillus sp. was 
able to retain several heavy metals as silicate minerals or as 
oxyhydroxides at 20 and 4 °C under laboratory simulations 
of natural conditions.

The concentration of some of the toxic metals are higher 
than permissible discharge levels in effluents. It, therefore, 
becomes necessary to remove these heavy metals from these 
wastewaters by an appropriate treatment before releasing 
them into the enviroment.

experimental
The adsorption of copper by bioceramic filters was stu-

died by column technique. In this study two types of filters 
were used and compared in sorption efficiency.

m a g n e t i t e  P r e p a r a t i o n
iron oxides can be easily synthetize in laboratory con-

ditions. Synthetic magnetite (Fe3o4 ) used in this work was 
prepared by partial oxidation of Fe2+ solution at temperature 
90 °C under anoxic conditions in the presence of nitrogen ions 
-oxidizing agent. The surface area was 13 m2 g–1 and particle 

size range from 0.05–0.2 µm. The main mineral phase was 
confirmed by RTg diffraction, IR spectroscopy and Mössba-
uer spectroscopy method.

C h a r a c t e r i z a t i o n  o f  Q u a r t z  S a n d 
a n d  C l a y  m i n e r a l s 

Quartz sand used in this work was obtained from Šaštín 
Stráže deposit (Slovakia) and composed of quartz (88–90 %), 
feldspar (8–10 %), heavy minerals (1 %) and clay minerals 
(1 %) of grain size 0–1 mm. The clay mineral used in this 
study was bentonit composed of montmorillonite (60–80 %) 
obtained from Jelšový potok deposit.

B a c t e r i a
in this study two bacterial strains were isolated from 

the copper pollluted waste water of industry plant: Bacillus 
megaterium and Pseudomonas diminuta. The resistance of 
bacterial strains to copper was tested. The bacterial isolate 
Bacillus megaterium could grow at a concentration ranging 
from 52–260 mg Cu dm–3 and Pseudomonas diminuta at 
a concentration max 52 mg Cu dm–3, at temperature 25 °C. 
Therefore Bacillus sp. isolate was used for this study. The 
bacterial isolate Bacillus sp. was inoculated into flask con-
taining nutrient broth (merck) and aerobically cultivated 

Fig. 1. xrd-pattern of synthetic magnetite

Table i
Chemical composition of quartz sand

 Element [%] QS
 Sio2 92.7
 al2o3 3.95
 Fe2o3 0.32
 Tio2 0.06
 Cao 0.16
 mgo 0.15
 na2o 0.93
 K2o 1.32
 Cr2o3 0.004
 mno 0.02
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at 25 °C by the agitating at the speed of 150 rpm. The cells 
were harvested from the growth medium by membrane filtra-
tion (pore size 0.85 µm). Bacteria suspension was prepared 
with concentration of bacteria 1.2 × 109 ml–1 in accordance to 
macFarland standards.

P r e p a r a t i o n  o f  C o p p e r  m o d e l 
S o l u t i o n s

The model solution of Cu (ii) was prepared by dissolving 
of CuSo4

. 5H2o in deionized water in various concentrations 
ranging from 0.01; 0.02; 0.04; 0.06; 0.1; 0.5; 1; 1.5; 2; 2.5; 
3 to 5 mm. Previous studies showed that at pH 5 is the most 
effective copper sorption. The initial pH of the solutions was 
adjusted to 5 by adding 0.1m Hno3 or 0.1m naoH for the 
biosorption experiments. various Cu(ii) concentrations and 
concentration after sorption process were measured by ato-
mic absorption spectrofotometer (varian aa240 Z, aa240 
FS, australia).

C o l u m n  S t u d i e s
in this study glass columns were used for experiments. 

The filtration column was 130 mm high with an inner diame-
ter of 40 mm. Column was packed with appropriate amounts 
of each sorbent in layers (100 g of quartz sand, 0.5 g of bento-
nite and 0.1 g of synthetic magnetite). 50 ml of bacteria sus-
pension was passed through the column to adjusted the adhe-
sion of bacteria cells. Two types of filtration columns were 
prepared. in both types there was 45 mm depth of ceramic 
medium, one reached with bacteria (biotic filter) and another 
filter without bacteria medium (abiotic filter). Then 50 ml of 
Cu(ii) model solution was passed through the column at a 
constant flow rate of 1.5 ml min–1.

results
Bioceramic filters composed of quartz sand + bentoni-

te + synthetic magnetite + bacteria were used for the sorp-
tion of copper. These two types of filters were compared in 
sorption efficiency. The effect of initial concentration on the 
percentage removal of copper by biotic and abiotic filters is 

shown in Fig. 2. Fig. 2. demonstrates that sorption was more 
effective in case of biotic filters. The work was carried out at 
the pH (5) of model solution because this pH value is for cop-
per sorption optimum. The maximum removal of Cu(ii) was 
attained at a concentration 63.5 mg dm–3 Cu. High removal 
efficiency (> 95 %) was obtained over the copper (II) concen-
tration range 1–100 mg dm–3. However the removal percen-
tage decreased with increasing the copper (ii) concentration 
( > 100 mg dm–3). Therefore this method seems to be suitable 
for the removal of relatively lower concentration of copper.

conclusions
The present study showed that the bioceramic filters 

based on quartz sand, bentonite, synthetic magnetite and bac-
teria can be used as an effective adsorbent of copper. The 
results of experiments showed high removal of copper by 
both types of model filters at concentrations ranging from 
0.01 to 1.5 mm Cu(ii). at higher concentrations removal 
of copper decreased. The percentage removal was more ef-
fective in biotic filters with baceria medium; however the 
difference compared with abiotic filter was not so marked. 
Therefore in further experiments bacteria medium with hi-
gher concentration of bacteria cells is needed. in the further 
study various iron oxides (hematite, goethit) and clay mine-
rals (zeolite, kaolinite) will be used in experiments and their 
sorption efficiency will be compare.

This work has been supported by the Slovak Academy of 
Sciences (VEGA 2/0049/08).
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Fig. 3.	 Sorption	columns

Fig. 2.	 effect	 of	 initial	 copper	 concentration	 on	 percent	 re‑
moval of copper by biotic and abiotic filter
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introduction
Surfactants or detergents belong to a group of organic 

substances that adsorb at a low concentration in the interface, 
thereby decreasing interfacial or surface energy. detergents 
therefore show surface activity which manifests itself by the 
formation of foam in aqueous solutions1. Such properties 
facilitate the wetting of surfaces and the removal of impuri-
ties2.

detergents can be divided according to their dissociation 
properties into the following groups: anionic detergents, ca-
tionic detergents, ampholytic detergents, and non-ionogenic 
detergents2. There are many kinds of individual detergents.

during wastewater treatment, detergents account for 
a high percentage of chemical oxygen demand. detergents 
are also able to increase the solubility of other toxic organic 
components in water and soil. When adsorbed in sludge, they 
may impair sludge dewatering. Generally, the concentration 
of detergents at the outflow from a wastewater treatment 
plant depends on the efficiency and technological parameters 
of the facility.

Wastewater usually contains different kinds of deter-
gents. For biological treatment, the level of detergents in 
wastewater should not exceed 1,000 mg dm–3(ref.4). in count-
ries where the consumption of washing powders and cleaning 
agents is high, the concentration of anion-active detergents 
in municipal wastewater varies in a range of 10–20 mg dm–3. 
increased concentrations of detergents can be detected in 
wastewater from textile industry, the production of washing 
and cleaning agents and cosmetic production plants, and 
may exceed 100 mg dm–3. High levels of detergents are also 
present in wastewater originating from laundries and car 
washes5. The limit concentration of anion-active detergents 
in drinking water is 0.2 mg dm–3. This parameter is used to 
indicate the level of pollution in underground water or treated 
surface water with sewage2.

experimental
The samples of wastewater to be analysed were collected 

at both the inflow and outflow of the wastewater treatment 
plant of the University of veterinary and Pharmaceutical 
Sciences (vFU Brno). The samples of wastewater taken at 
the outflow were collected before chlorination to	prevent the	
distortion of the results. The sample of water was measured 

immediately after collection; the transfer of the sample took 
approximately 10 minutes.

detergents were determined using merck spectropho-
tometric cuvette tests. The method for the determination of 
anion-active detergents can be used for concentrations ran-
ging from 0.05 to 2.0 mg dm–3. This method is similar to 
EPa 425.1, US Standard methods 5540 and En 903. Cation-
active detergents are determined using a spectrophotometric 
method in a concentration range of 0.05–1.5 mg dm–3. The 
determination of non-ionogenic detergents was carried out in 
a range of 0.1–7.5 mg dm–3.

results
The levels of anion-active, cation-active and non-iono-

genic detergents were measured at both the inflow and out-
flow of the wastewater treatment plant during one week. It 
follows from the overview of the results provided in Table i 
that the samples of wastewater contain mainly anion deter-
gents whose level is three orders higher than that of other 
detergents. The results in the table also demonstrate that the 
level of detergents in water – particularly anion-active deter-
gents – decreased significantly as a result of wastewater tre-
atment; the highest level detected was 0.97 mg dm–3 and was 
determined on Friday while the lowest level (0.29 mg dm–3) 
was found on Tuesday. The highest concentration of catio-
nic detergents (0.24 mg dm–3) was detected on monday and 
decreased markedly on other days (0.025 mg dm–3). The pre-
sence of highly toxic cationic detergents is alarming.

The levels of non-ionogenic detergents in waste-
water collected at the outflow were the same in all cases 
– 0.05 mg dm–3. The differences between individual findings 
(the highest and the lowest levels) are difficult to explain; it is 

Table i
Comparison of the levels of anion-active detergents in the 
inflow and outflow [mg dm–3]

  Inflow Outflow
 1 20.00 0.40
 2 12.90 0.29
 3 18.30 0.49
 4 13.90 0.49
 5 14.00 0.97

Table ii
Comparison of the levels of cation-active detergents in the 
inflow and outflow [mg dm–3]

  Inflow Outflow
 1 0.400 0.240
 2 0.020 0.025
 3 0.690 0.025
 4 0.025 0.025
 5 0.025 0.025



Chem. Listy, 102, s265–s1311 (2008) Environmental Chemistry & Technology

s502

possible that other biologically active compounds such as 
pharmaceuticals may also be present in wastewater affecting 
the biological stage of wastewater treatment in the respective 
wastewater treatment plant.

conclusions
detergents are closely related to the environment. From 

an environmental point of view, the impact of detergents on 
water resources management, their biodegradability, toxicity 
and eutrophication caused by detergents is very significant. 
Since a large number of synthetic detergents exhibits insuff-
icient biodegradability, water courses are becoming polluted 
with these substances. Even low concentrations of surfactants 
were shown to endanger the organisms in the environment. 

in order to minimize their concentrations in the environment, 
generally valid rules should be implemented to help protect 
our environment.

Financial support from Ministry of Education, Youth 
and Sports under MSM 6215712402 and grant COST, action 
636, project No. OC – 183.
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Table iii
Comparison of the levels of non-ionogenic detergents in the 
inflow and outflow [mg dm–3]

  Inflow Outflow
 1 0.69 0.05
 2 0.89 0.05
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 4 1.40 0.05
 5 2.61 0.05
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introduction
Heavy metals contamination occures in aqeous waste 

streams of many industries, such as metal plating facilities, 
mining operations, tanneries etc. Heavy metals are not biode-
gradable and tend to accumulate in living organisms, causing 
various diseases and disorders and environmental problems. 
Treatment processes for metals contaminated waste streams 
include chemical precipitation, ion exchange, membrane 
separations (ultrafiltration, reverse osmosis, electrodialysis) 
and adsorption. natural materials that are available in large 
quantities, or certain waste products from industrial or ag-
ricultural operations, may have potential as inexpensive sor-
bents. due to their low cost, after these materials have been 
expended, they can be disposed of without expensive rege-
neration. Cost is an important parameter for comparing the 
sorbent materials. adsorption is considered to be the simplest 
and most cost-effective technique. The removal of heavy 
metal ions from industrial wastewaters using different adsor-
bents is currently of great interest1.

Zeolites are naturally occuring hydrated aluminosili-
cate minerals. They belong to the class of minerals known 
as “tectosilicates”. The structures of zeolies consist of three-
dimensional frameworks os Sio4 and alo4 tetrahedron. This 
structure causes zeolite to have negatively charged surface. 
The negative charge is balanced by the exchangable cation 
(calcium, sodium or potassium). The fact that zeolite exchan-
geable ions are relatively harmless makes them particularly 
suitable for removing undesirable heavy metal ions from 
industrial effluent waters.2–4

The zeolite samples from different regions show diffe-
rent behaviour in ion-exchange processes5. The ion exchange 
process in zeolites is influenced by several factors such as 
concentration and nature of cations and anions, pH value and 
crystal structure of the zeolite. in this study, the adsorption 
properties of the natural zeolite and synthetic zeolite Slova-
kite® with respect to some heavy metal cations in solution 
were investigated6.

experimental
m a t e r i a l s  a n d  C h e m i c a l s

a natural zeolite was obtained from Slovakia (nizny 
Hrabovec). The main phase is clinoptilolite and the chemi-

cal compositions are Sio2 (73.42 %), al2o3 (12.43 %), Cao 
(2.94 %), K2o (2.61 %) and Fe2o3 (1.05 %). The synthetic 
zeolite Slovakite® is patented product and the chemical com-
position is unrevealed by the producent.

inorganic chemicals were supplied as analytical reagents 
and deionized water was used. The studied metal ions were 
Pb2+, ni2+, Cu2+ and Zn2+. Solution of lead and nickel was pre-
pared by using their nitrate salts, Pb(no3)2, ni(no3)2.6H2o. 
The solution of copper and zinc was prepared from their sul-
phate salts, CuSo4

. 5H2o, ZnSo4
. 7H2o.

a d s o r p t i o n  T e s t s
The ion exchange of heavy metals on natural zeolite and 

on synthetic zeolite Slovakite® were carried out using the 
batch metod. Batch adsorption experiments were conducted 
using 2 g of adsorbent with 200 ml of solutions in flasks con-
taining heavy metal ions of desired concentrations at con-
stant temperature (25 °C). The initial concentration of heavy 
metals in stock solutions was in the range at 5–1,000 mg dm–3.  
Sorption experiments were carried out at pH 5.5. The flasks 
were then agitated in an orbital shaker at a speed of 200 rpm 
for a period of 2 h. The quantity of elements in solution has 
been determined both before the introduction of sorbent and 
after the equilibrium time of 24 hours by AAS.

The amount of adsorbed metal was calculated using the 
equation:

0 eq
eq

s

c –c
q

c
=  (1)

where c0 and ceq [mg dm–3] are the concentrations of the metal 
ion in initial and final solutions and cs [g dm–3] is the sorbent 
concentration.

results	and	Discussion
a d s o r p t i o n  o f  m e t a l s  o n  n a t u r a l 
Z e o l i t e

The adsorption of Pb2+, ni2+, Cu2+, and Zn2+ onto 
natural zeolite as a function of their concentrations was 
studied at 25 °C by varying the metal concentration from 
5 to 1,000 mg dm–3 while keeping all other parameters con-
stant. The experimental data were modeled with Langmuir, 
Freundlich and redlich-Peterson isotherms. The adsorption 
isotherms which are the most suitable to fitting the adsorp-
tion processes on natural zeolite in single system are shown 
in Figs. 1. and 2. The isotherm analyses showed different 
adsorption behaviour for Pb2+, ni2+, Cu2+ and Zn2+. metal 
adsorption increased in the following order: Pb2+ > ni2+ > 
Cu2+ > Zn2+ (Figs. 1. and 2.). Fig. 1. illustrates the dynamic 
adsorption process of Cu2+ and Zn2+ on natural zeolite. as 
shown Fig. 1., the maximum sorption capacity of natural 
zeolite was already exhausted (the equilibrium capacity was 
achieved) when the metal concentration in solution was in 
low range. Fig. 2. presents that the sorption capacity of sor-
bent was not expended even by the highest initial concentra-
tion of Pb2+ and ni2+ in solution. 
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The Langmuir and Freundlich models effectively 
described the sorption data with all r2 values > 0.95.

a d s o r p t i o n  o f  m e t a l s  o n  S y n t h e t i c 
Z e o l i t e  S l o v a k i t e ®

The adsorption of Pb2+, ni2+, Cu2+, and Zn2+ onto syn-
thetic zeolite Slovakite® as a function of their concentrati-
ons was studied in the same conditions as on natural zeolite. 
Figs. 3. and 4. illustrate the adsorption isotherms of selected 
heavy metals on Slovakite® in single component system. 
Comparing the two isotherms on Fig. 3., Cu2+ adsorption is 
usually higher than Zn2+. For Zn2+, equilibrium adsorption 
approaches the value of 42 mg g–1 while for Cu2+ equilibrium 
adsorption still shows higher value than 130 mg g–1. Fig. 4. 
shows a comparison of Pb2+ and ni2+ adsorption. For both 
metals, equilibrium adsorption still shows an increasing trend 
at higher equilibrium concentrations. The cations sorbed from 
the solutions followed the same order as on natural zeolite 
but the sorption capacity of Slovakite® was much higher.

The Langmuir and Freundlich models effectively 
described the sorption data with all r2 values > 0.98.

conclusions
These results show that natural zeolite from nizny Hra-

bovec and Slovakite® can be used effectively for the removal 

of heavy metal cations from solutions. Best sorption capacity 
was obtained on synthetic zeolite Slovakite®, decrease in this 
order Pb2+ > ni2+ > Cu2+ > Zn2+.The selectivity sequence of 
cations is the same on both sorbents, but the sorption capacity 
of synthetic zeolite is much higher. The main disadvantage of 
synthetic zeolite Slovakite® its higher cost.

This work has been supported by Scientific Grant Agency 
VEGA, project no. 1/4184/07.
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Fig. 1.	 adsorption	isotherms	of	cu2+	and	zn2+	on	natural	zeolite	

Fig. 2.	 adsorption	isotherms	of	Pb2+	and	ni2+	on	natural	zeolite	

Fig. 3.	 adsorption	 isotherms	 of	 cu2+	 and	 zn2+	 on	 synthetic	
zeolite	Slovakite®

Fig. 4.	 adsorption	isotherms	of	Pb2+	and	ni2+	on	synthetic	zeo‑
lite	Slovakite®
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introduction
microorganisms are crucial and inevitable part of life on 

Earth. They are found basially everywhere – in air, soil, in 
animal and human bodies, even in places with extreme con-
ditions. microbial contamination is a serious issue which has 
to be dealt with in numerous cases of everyday life. various 
sterilization and dissinfecting methods have therefore been 
developed so far.

Photocatalytic processes on thin layers of titanium dio-
xide represent a new approach to the everlasting struggle 
against microbial contamination. reactive oxygen species 
generated on the surface of irradiated Tio2 inactivate most 
type of microbes1. apparently, titanium dioxide coated surfa-
ces self-reducing the population of microbes to minimal level 
and preventing their growth would be of a great importance.

most photodegradation reactions on organic substrates 
are based on the oxidative power of photoinduced electronic 
holes or are mediated by Ho•radicals. Such reaction usually 
lead to a complete mineralization of organic substrate to car-
bon dioxide and water. However, it is necessary to provide a 
reducible reactant (i.e. electron acceptors) which would react 
with photogenerated electrones. in most cases of photoca-
talytic degradation reactions, oxygen is present and it acts 
as primary electron acceptor. oxygen is thus transformed to 
superoxide radical (o2

•–) and in this way a hydroxyl radical 
can be produced:

2 vb 2 ads 2 adsTio (h ) H o Tio Ho H+ • ++ → + +  (2)

ads

– –
2 cb 2 2 2 2Tio (e ) o H Tio Ho o H+ • • ++ + → + ↔ +  (3)

experimental
m a t e r i a l  a n d  m e t h o d s

Sol	 and	 substrate	 preparation. Sol-gel technique 
was applied to titanium dioxide thin films preparation using 
titanium(iv) propoxide as titanium precursors. a mixture 
of absolute ethanol and acetylacetone (aCaC) was added 
to titanium(iv) propoxide (TTP) under continuous stirring. 
Then a small amount of water in ethanol was dropped at 
last to the previously mixed solution. Soda lime glass plates 
with sizes of 50 × 50 × 1.5 mm were chosen as a substrate for 
immobilization of Tio2 thin films. Soda lime glasses were 
treated in boiling 9m sulphuric acid. Before the preparation 
of the thin films, each glass was pre-treated in order to eli-

minate the dust, grease and other residues using liquid sur-
factants and dried under air flow.

Sol	 application was performed in a novel innovative 
way utilizing a modified office inkjet printer. Ink cartridges 
were removed from the printer and the ink tubing and prin-
thead were flushed and purged with anhydrous propanol. 
“virgin empty” spongeless carts were supplied by miS as-
sociates, USA. Sol was filtered through 0.2 μm mesh size 
syringe filter and loaded into one “virgin empty” cart. This 
cart was installed into the printer in the black position and af-
ter a series of head cleaning cycles a perfect nozzle check pat-
tern was obtained. Cleaned glass plates were then mounted 
into a modified CD holder, fed into the printer and printed 
with “black only” driver setting. The colour of the printed 
pattern was varied in different shades of grey (100 %, 95 %, 
90 %, 80 %, 70 %, 60 %) and thus glasses with varying sol 
loading were printed. The resolution, print speed and media 
settings were also varied and their influence on the resulting 
Tio2 layer properties was evaluated. Two way of printer set-
ting were chosen for thin layer of Tio2 preparation – slow (S) 
and rapid (r). The sample marked as 100 r corresponds to 
100 % of sol loadings printed by rapid way.

layer	treatment. after this procedure, the coated glass 
plates were dried in the oven at 110 °C for 30 min. Finally, 
the deposited layers were thermally treated in a calcination 
furnace at 450 °C for 4 hours.

P h o t o c a t a l y t i c  i n a c t i v a t i o n  o f 
y e a s t s

a 24-hour culture of yeast Candida vini CCy 29-39-3 
(provided by Slovak yeast Collection, Bratislava) was prepa-
red at 25 °C. after the cultivation, 10 ml of culture medium 
was sampled into a plastic test tube, rinsed twice and centri-
fuged at 4,000 rpm for 6 minutes. The supernatant was dis-
carted and the yeast sediment was diluted with 1 ml of dis-
tilled water an throroughly mixed.

a titanum dioxide coated glass plate was irradiated by 
Uv lamp for 30 minutes in order to obtain a superhydrophilic 
surface. 25 μl of diluted yeast suspension was pipetted onto 
the glass plate and evenly spread across its surface. Then the 
glass plate with yeast suspension was placed in a sreaction 
chamber. The chamber consisted of a Petri dish with refle-
ctive aluminum foil bottom and quartz glass cover. A few 
drops of water were aplse placed into the reaction chamber in 
order to maintain the humidity.

The reaction chamber was irradiated by 4 fluorescent 
lamps Sylvania Lynx-S 11 W with emission maximum at 
350 nm. The irradiation intensity was 1 mW cm–2 within 
290–390 nm spectral region. irradiated samples were dyed 
and observed by fluorescent microscopy.

S u r v i v a l  r a t i o  C a l c u l a t i o n
The exposed yeast suspension was mixed with 25 μl acri-

dine orange solution (1 × 10–4 mol dm–3) in phosphate buffer 
of pH = 6. after thorough mixing, the sample was obser-
ved with epi-fluorescent microscope nikon Eclipse E200. 

(1)
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20 digital images of randomly chosen different places ocross 
the glass plate were recorded using CCd camera PixeLinK 
PL-a662 mounted on the nikon microscope. at every recor-
ded image, the number of living cells NL (green flurescence) 
and dead cells ND (orange fluorescence) was counted. Then, 
the survival ratio SR was calculated: 

L

L D

NSR
N +

=
 

(4)

results
after irradiating Candida vini suspension deposited on 

the 100 R glass plate a significant inactivation was observed 
– the Sr dropped to 0.032 ± 0.023 within 70 minutes. on the 
other hand, the non-irradiated sample showed no inactivation 
within 70 minutes. These observations are in a good com-
pliance with the results of Seven et al.4, who also observed 
no inactivation of microbes on titanium dioxide in darkness. 
only very small inactivation was observed on an irradiated 
bare glass without the catalyst layer. (Figs. 1., 2.). 

These results are in agreemnet with the observations 
made by Kühna et al.3, who irradiated bacteria Pseudomonas 
aeruginosa on a glass plate covered with titanium dioxide. 
They found out that bacreial cell inactivation takes place. 
This phenomenon was explained to be caused by the oxida-
tive stress of oxygen radicals inside cells during the expo-
sure by Uv-a radiation. once the stress rises over a certain 
threshold, the cell dies.

a constant decrease of Sr in a certain time from the 
reaction start was observed by Benabbou et al.2 in the case of 
Escherichia coli. Cell mebrane damage resulting from pho-
tocatalytical processes leads to an increase in membrane per-
maebility and eventually to free outflow of cell fluids. There-
fore both bacterial cells as well as molecules of intracellural 
organels can become the substrate of reactive oxygen species 
(roS) attack. roS react simultaneously with the cytoplas-
matic membrane of living cells and with the remains of dead 

cells (polysycharides, lipids) at the same time. our results 
also confirm this hypothesis.

When we compare the inactivation rates for Candida vini	
on	r and S substrates (Fig. 2. and Fig. 1.) it becomes clear 
that the inactivation rate of Candida vini does not depent on 
the structure and topology of the catalyst layer, as long as the 
glass surface is well couted by titanium dioxide.

conclusions
When comparing the photocatylic inactivation rate of 

Candida vini on two types of immobilised catalyst (rapi-
dly printed and slowly printed titanium dioxide layers) it is 
possible to conclude that significant inactivation was obser-
ved on glass plates with very high sol loading, i.e. with very 
well covered surface (samples 100 r, 95 r, 95 S). We also 
observe a certain decrease in the inactivation rate after rea-
chicg the Sr value of appr. 50 %. This might be caused by the 
simultaneous consuption of roS both by the still living cells 
membrane as well as the organic remains of already killed 
cells. almost constant Sr value between 25 and 35 minutes 
suggest a competitive reaction pathway.

Authors thank to Ministry of Education, Youth and Sports 
of Czech Republic for support by project MSM0021630501.
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Fig. 1.	 Sr	comparison	for	candida vini	at	different	conditions	
on	r	substrates

fig.	2.	 Sr	comparison	for	candida vini	at	different	conditions	
on	S	substrate
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introduction
Photocatalytic oxidation of organic compounds repre-

sents a major potential to be applied in environmental tech-
nologies. The photocatalytic process is capable to decompose 
most organic matter to water and carbon dioxide. Conventio-
nal cleaning technologies such as ozonization or chlorination 
have their limits. For example, ozone decomposes readily 
and chlorine, which is used widely for the dissinfection of 
drinking water, can react with organic compounds to form 
toxic byproducts1. methods utilizing ozone a Uv radiation 
are expensive and often technically challenging.

reactive oxygen radicals are are produced in the pre-
sence of adsorbed oxygen and electron donor. These radi-
cal can cause rapid microbe cell death and at the same time 
decompose organic compounds.

The fungicidal effect of Tio2 can be mediated by the 
presence of a noble metal, such as silver, at the catalyst sur-
face1. Therefore, the deposition of silver nanoislets on the ca-
talyst surface can lead to the production of a highly effective 
dissinfecting agent.

experimental
m u l t i - T u b e  F l o w  r e a c t o r

Suspension of yeast was colected in 3-neck flask and 
was circulated with peristaltic pump through tubes irradi-
ated by 4 Sylvania LynX lamps with total power output 44 
W (Fig. 1.). A flow rate was 50 ml min–1. a transmitance of 
glass wall of tubes was 93 % at maximum light output of Syl-
vania LynX lamp at 350 nm. irradiance was maintaned at 
1.0 mW cm–2 by lamp distance adjustment.

The inner walls of reactor were covered by titanium dio-
xide layer using sol-gel process based on tetraisopropoxide 
solution stabilized with acetoecetone. The inner glass walls 
were coated by dip-coating method. For experiment with ag/
Tio2 the metallic silver was deposited on Tio2 layer by pho-
tocatalytic process from silver nitrate solution wih ethanol.

Tubes with 1.2 % mol. and 2.4 % mol. of silver were 
prepared.

y e a s t  S u s p e n s i o n  a n d  C F U 
E v a l u a t i o n

The yeast Hansenula anomala CCy 38-1-30, supplied 
by Slovak Collection of yeasts, Bratislava, was cultivated 
in malt extract at 28 °C. after 24 hours a 10 ml was taken 
into test-tube for centrifugation. The pelets were washed 
with sterile distilled water and centrifugated. This process 
was repeated twice. The pelets were resuspended in 10 ml of 

water and number of cells was calculated using Bürker cham-
ber. This suspension was used for preparation of suspnesions 
with various cell concentration.

From the multi-tube flow reactor were taken samples in 
regular intervals. number of colony forming units (CFU) was 
evaluated by indirect way: 100 μl of sample was spread on 
malt extract agar in 3 Petri dishes. after 48 hours of cultiva-
tion a number of colonies were enumerated and an average 
value was expresed as CFU ml–1.

results
We conducted experiments with photocatalytic inactiva-

tion of yeast cells in a multi-tube flow reactor with varying 
concentrations of cells (500 to 5,000 CFU ml–1). We showed 
that during the experiment, the number of viable yeast cells 
decreases. The cell wall of Hansenula anomala is quite thick 
with a rigid structure, therefore we can expect it to be very 
resistant against roS attact. nevertheless, a total cell inacti-
vation was achieved within 160 minutes.

We also observed the photocatalytic inactivation of 
Hansenula anomala (Fig. 2.) on Tio2 photocatalyst layer 
overcoated with a very small amount of metallic silver. We 
also observed a decrease in the size of colonies grown from 
survivng cells. This phenomenon was noted also by Erkan et 
al.6, who described diminishing colonies of Saccharomyces 
cerevisiae after irradiation in Tio2. in this case, however, 
the titanium dioxide was overcoated with paladium and the 
diminishment is believed to be caused by the weakening of 
surviving cells.

it is well known that pure silver, copper, zinc and their 
ions pose antimicrobial properties. if these metals are depo-
sited onto Tio2 thin films, their antimicrobial effect will act 
together with the antimicrobial effect of bare Tio2. We can 
expect the metallic silver to prevent elcetron-hole recombina-
tion on the surface of the photocatalyst and thus improve the 
efficiency of the photocatalytic process. In this case the pho-

Fig. 1. Multi-tube flow reactor: 1 – sylvania lynx lamps 
(4 × 11 W), 2 – tubes, 3 – multi-neck flask with yeast suspension 
(250	ml),	4	–	peristaltic	pump
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tocatalyst would ensure the surface sterility upon the irradia-
tion by Uv and metal ions will do their job in the darkness7. 
according to Semikin a Skulachev, the interaciton of ag+ a 
SH groups of respiratory enzymes can lead to cell membrane 
permeability changes, resulting into major disorders in the 
whole cell. apart from the membrane permaebility change, a 
cell-membrane separation is possible as well. Eventually, the 
possibility of ag+ addition to the bacterial genetic material 
was reported, too4.

We showed that yeast cells of Hansenula anomala are 
not capapble of regeneration, which is otherwise usual, espe-
cially in the case of bacteria. The cells are probably damaged 
in such extend that they loose their reproduction ability. iden-
tical effect was observed on combined surface of ag/Tio2 
(Fig. 3.).

conclusions
The collected result indicate that it is possible to pho-

tocatalytically inactivate cells even with a very rigid cell wall 
(Hansenula anomala). in this way, a complete photocatalytic 
dissinfection of water can be performed. a very small amount 
of metallinc silver deposited on the surface of titanium dio-
xide photocatalyst enhanced the inactivation rate.

We also showed that in the case of Hansenula anomala, 
the surviving cells are not able to reproduce after the irradi-
ation is terminated. The cells lose their reproduction ability. 
Similarly, the cells lose their reproduction ability after their 
irradiation on Tio2 surface doped with silver islets (1.2 a 
2.4 % mol. silver).

Authors thank to Ministry of Education, Youth and Sports 
of Czech Republic for support by project MSM0021630501.
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Fig. 2.	 Photocatalytic	inactivation	of	hansenula anomala	cells	
on	tio2	and	ag/tio2 layers in multi-tube flow reactor

Fig. 3.	 Photocatalytic	inactivation	of	hansenula anomala	cells	
on	ag/tio2 layer in multi-tube flow reactor. The lamp was pow‑
ered	off	after	120	minutes
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introduction
High arsenic contents in the impoundment situated near 

the village of Poša in the upper part of the catchment of the 
Kyjov brook in eastern Slovakia, represent an environmen-
tal problem because of as mobilization and transport from 
the impoundment material and significant contamination 
of surface water of the Kyjov brook (the mean as values 
of 11,385 μgas dm–3, 1,778 μgas dm–3 and 295 μgas dm–3 
measured in the Kyjov brook during 2000, 2005 and 2007 
respectively)1. decreasing concentrations of as in surface 
water are involved in delimited using of impoundment in last 
few years.

 arsenic distribution in different stream sediment con-
stituents and its mobilization determine as concentration in 
aquatic environment and affect its bioavailability and toxicity 
to the biosphere2,3.

The major processes controlling as leaching from sedi-
ments to natural waters include mineral (co)precipitation/
dissolution, adsorption/desorption, chemical and biological 
transformations. The conditions present such as pH, redox 
potential, solution composition, the sediment properties and 
mineralogical composition of the sediment determine the 
dominant processes affecting the environmental fate of as in 
the stream sediments and ist leaching behaviour4,5. 

 The main objective of this study was to investigate lea-
ching behaviour of as from the heterogeneous impoundment 
material and the three stream sediments and the evaluation of 
the total as mobility.

experimental
The samples used in this work are either the stream 

sediments of the Kyjov brook taken at the distance of 100, 
1,000 and 2,000 m from the impoundment (denoted as Ky-
100, Ky-1000 and Ky-2000) or the impoundment material 
(denoted as Ky-0). 

Continuous column leaching experiments were con-
ducted under standard conditions (25 ± 3°C, 101,325 Pa) to 
provide information about as release, its binding and desorp-
tion kinetic. The experiments were run in duplicates. Each of 
the two glass columns per one sample was filled with 50 g of 
a dry sample (a < 1 mm fraction) and columns were during 
five days flushed with 1.3 dm3 of 0.0125m solution, that was 
prepared to resemble the composition of surface waters of the 
Kyjov brook and contained by 2 × 10–5 m Po4

3–, 2.8 × 10–3 m 
Cl– and 3.2 × 10–3 m So4

2–. The upward flow was regulated at 

a rate of 0.2 ml min–1. during the experiment, 14 samples of 
leachates were collected from each of the columns, pH values 
were measured and the concentrations of as were determined 
by graphite furnace atomic absorption spectrometry (Perkin-
Elmer 4110 ZL).

results
The results of the column experiments showed that 

theas release from the solid samples was likely controlled 
by Fe and mn oxohydroxides, pH values of the geosorbents 
and leachates and also organic carbon content. it was also 
observed that the time was an important factor influencing 
the as release. 

Significant correlations of the amounts of As released 
from the solid samples with its total contents (r = 0.975, 
P < 0.05) (Fig. 1.) as well as with total organic carbon con-
tents (r = 0.942; P < 0.05) were found. The total organic car-
bon content was measured using a Leco rC-412 multiphase 
determinator at 550 °C.

The impoundment material (Ky-0) has the highest total 
organic carbon content (37 %), which is likely attributed to 
the fact that stored sludge consists of fly ashes derived from 
coal and chemical waste combustion. alkaline character of 
the Ky-0 (pH = 8.55) as well as high leachate pH (pH ~ 9.0) 
enhance release of As and its transport to the liquid phase. 
The results of various studies showed that the amounts of as 
oxyanions released from different solid geosorbents increase 
in alkaline conditions, mainly when pH > 8(ref.6) The maxi-
mum as concentration in column leachates from Ky-0 was 
determinated after 25 hours, when the easily soluble fraction 
of as weakly bound on the solid surface was released. The 
late hindered as release from Ky-0 could be caused by the 
presence of mullites and vitreous phases. it is suggested here 
that some fraction of as may be only hardly available to be 
released because of its strong binding within the heteroge-
nous components.

Fig. 1. relationships between the amounts of as released and 
total	contents	of	as,	fe	as	a	ammonium‑oxalateextractable	alox,	
feox	in	the	log‑log	form
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notably high accumulation of trace elements including 
as in the most contaminated sample Ky-100 (3,208 mgas kg–1)  
with the lowest relative mobility, is likely due to high con-
tents of the Fe, al, mn oxohydroxides. The relative mobi-
lity of as was inversely related to the oxalate-extractable 
Mn content (r = –0.960, P < 0.05) and not significantly to the 
oxalate-extractable Fe content such that diffusion in hydrated 
micropores of amorphous Fe and mn oxides might be the rate 
limiting mechanism of the as release (Fig. 2.).

The amount of as released from samples Ky-1000 and 
Ky-2000 increased rapidly within short extraction times, rea-
ching the apparent equilibrium after 174 min. The relative 
mobility of as in Ky-1000 and Ky-2000 was approximately 

the same as in impoundment material although the total Fe, 
mn contents in Ky-1000, 2000 are 2-times lower as compa-
red with Ky-0. The total contents of elements Cd, Cr, Fe, Hg, 
mn, Pb, Zn, al, as and Sb were determined after digestion 
with acid mixture.

conclusions
The fractions of as released in column experiments were 

generally less than 10 % (5.32–7.83 %) of its total contents, 
but they represented high absolute amounts of readily availa-
ble and water-soluble as (83 mg kg–1). The fraction released 
from the source impoundment material (132 mg kg–1) repre-
sented high as concentration in its leachates, reaching up to 
8,000 μg dm–3. as concentrations in the leachates from all 
the samples exceed maximum permissible level in drinking 
water (10 μg dm–3; decision of the Slovak Health ministry 
no. 151/2004).

This work has been supported by the Slovak Grant 
Agency under VEGA project No.1/2037/05.
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introduction
Tetracyclines (TC) present a class of antibacterial 

drugs. due to their broad antibacterial spectrum and econo-
mic advantages, tetracyclines have been commonly used in 
veterinary medicine and in human medicine for the purpose 
of prevention and treatment of disease. However, their wi-
despread utilization could lead to TC residues in animal-ori-
ginated food and in the environment. The antibiotics in food 
and water consumed for long periods can also cause problems 
regarding the spread of drug-resistant microorganisms1. 

it is well known that the principal pathway of antibiotics 
into the aquatic environment is via wastewater systems fol-
lowing consumption and excretion by humans, and via efflu-
ents from landfills and farms2. Presently conventional was-
tewater treatment plants (WWTPs) were designed without 
consideration of antibiotics removal from wastewater. many 
previous studies have shown that, while some antibiotics 
may be eliminated in the WWTPs, some other may be hardly 
removed in the process, therefore they can reach the aquatic 
environment3,4. due to irremovable antibiotics, wastewater 
treatment plants become an important point source of emissi-
ons into the environmen1,2,3.

experimental
To monitor the tetracycline residues a reliable method is 

needed. SPE for purification and preconcentration of analytes 
was used. Spectrophotometric method for antibiotic determi-
nation was used.

S a m p l i n g
Waste water samples have been taken from the waste 

water treatment plant (WWTP) in the University of veteri-
nary and Pharmaceutical Sciences Brno campus in one-day 
intervals into amber glass sampling bottles. in this WWTP, 
we decided to deal with the antibiotics in particular because 
these drugs samples were taken from the WWTP inlet and 
compared with the samples taken from WWTP outlet.

The samples were processed immediately or stored  
in a refrigerator till the following day.

r e a g e n t s
during the process, the following chemicals have been 

used: oxalic acid, p.a. sulfuric acid p.a., dinatrium phosphate 
dodecahydrate p.a., all from Lachema, CZ; acetonitrile for 
HPLC, methanol for HPLC, from riedel-de-Haen, Srn; cit-
ric acid, p.a. onex, CZ; Chelaton iii, p.a. Penta,CZ; 

Tetracycline, Chlorotetracycline and oxytetracycline, 
standards for HPLC, were from Sigma aldrich, CZ.

mcilvain buffer: citric acid (12.9 g dm–3), natrium salt of 
ethylenediaminetetraacetate (37.2 g dm–3), dodecahydrate of 
dinatrium phosphate (30.2 g dm–3) in deionized water

Elution mixture: 20 mmol dm–3 oxalic acid in methanol.

S a m p l e  T r e a t m e n t
Samples were filtered using paper filters to remove par-

ticles. volume of 200 ml samples were extracted 20 minutes 
with mcilvain buffer in an ultrasonic bath.

A Phenomenex Strata C18-E SPE column (55 μm, 
500 mg 6 ml–1) was conditioned with 4 ml of methanol fol-
lowed by 3 ml of mcilvain buffer. after sample loading, the 
column was washed with 3 ml deionized water. The column 
was dried using the vacuum of the SPE manifold. Then the 
tetracyclines were eluted with 10 ml of elution mixture.

S p e c t r o p h o t o m e t r i c  a n a l y s i s
The analyses were carried out on Uv-viS spectrophoto-

meter Spectronic Helios (UK). deuterium and wolfram lamp 
was used for determination.

At first the absorption spectrum was measured in the 
range 230–450 nm step by step 2 nm. Tetracyclines have two 
absorption maximas as resulting from absorption spectrum 
and with accordance to published data: 246 nm and 360 nm4. 
Spectrophotometer was adjusted to zero value through the use 
of elution reagent. Subsequently, real samples were measured 
to determine the absorbance value at absorption maximum. 
Quartz cuvette with optical path 1 cm was used.

Fig. 1.	 absorption	spectrum	of	tetracycline	in	various	concen‑
trations	[mg	ml–1]

Fig. 2.	 concentration	of	tetracycline	in	real	samples
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results
all tetracyclines have typical absorption spectrum. They 

have two characteristical absorption maximas, 264 nm and 
360 nm. due to their characteristic we could determinate 
tetracyclines and their metabolites together by spectropho-
tometry. 

inlet concentrations of analytes were always higher than 
outlet concentrations. This indicates that these pharmaceuti-
cals are removed partially in the wastewater treatment plant. 
The change of tetracycline concentration may be caused by 
photodegradation.

conclusions
as the use of pharmaceuticals is increasing, fast sample 

preparation and determination method is required. 
Samples were taken from wastewater treatment plant 

placed in veterinary and Pharmaceutical university Brno 
campus, from inlet and outlet.

Samples were filtered before extraction.
SPE was optimized for preparation and preconcentration 

of wastewater samples. 
An efficient method for determination of tetracyclines in 

wastewater, using spectrophotometry, was developed. 
Spectrophotometry was used because this is commonly 

used in laboratories and machine operation is cheap.

This work has been supported by grant COST, action 
636, project no. OC-183.

rEFErEnCES
 1. Pavlović D. M. et al.: Trends Anal. Chem. 26, 1062 

(2007).
 2. Hirsch r. et al.: Sci. Tot. Env. 225, 109 (1999).
 3. Hernando m. d. et al.: Talanta 69, 334 (2006).
 4. Fritz J. W.: Food. Chem. 105, 1297 (2007).



Chem. Listy, 102, s265–s1311 (2008) Environmental Chemistry & Technology

s513

P87	 the	flUorimetric	Determination	of	
alUminiUm,	galliUm	anD	inDiUm	With	
8-HydroxyQUinoline-5-sUlPHoniC aCid 
in	aqUeoUS	anD	SUbmicellar	meDiUm

Šimon voJTa and LUmír SommEr
Institute of Environmental Protection, Faculty of Chemistry, 
Brno University of Technology, Purkyňova 118, 612 00 Brno, 
Czech Republic,
halapaloosa@email.cz

introduction
The complexing and analytical properties of 8-Hydro-

xyquinoline-5-sulphonic acid (QSA) are similar to 8-Hydro-
xyquinoline but the solubility of complexes in aqueous solu-
tions increases and no fluorescence of the reagent in the large 
pH interval has been observed. The QSa was formerly used 
as a fluorogenic reagent for a number of metal ions inclu-
ding mg2+, Zn2+, Cd2+, Ce3+ and al3+(ref.1). The fluorimetry 
of gallium and Indium complexes in aqueous solutions was 
only briefly mentioned.

The fluorescence of metal complexes with QSA can be 
considerably enhanced in the presence of surfactants in sub-
micellar and micellar medium2,3. The fluorescence properties 
of the metal species with QSa were tested in the presence 
of surfactants and exploited chromatographically in very low 
concentrations.

Thus the cationic surfactants were widely used for the 
enhancement of fluorescence of metal complexes with QSA4. 
The attention was also paid to the fluorimetric determination 
of al with QSa also in mixtures with Zn using derivative 
synchronous scan in the presence of surfactant5. The Partial 
Least Square Method (PLS) in combination with pH gradient 
Fia was used in binary mixtures of ions in complexes with 
QSA whose fluorescence was enhanced by the surfactant6.

In this paper the fluorescent Al3+, Ga3+ and in3+ com-
plexes with QSa were studied in detail in the absence and 
presence of surfactants and optimal conditions were recom-
mended for the determination of particular metals in the pre-
sence of Zephyramine. normal and first derivative spectra 
were evaluated.

experimental
i n s t r u m e n t s

Spectrofluorimeter Aminco Bowman, Series 2 with 
1 cm quartz cells, 4 nm exit slits, photomultiplier under 450–
850 v. Sample cell was tempered to 20 °C.

The calculation of the first derivative was made by using 
the instrument software using Golay-Savitzky 11-point con-
volution.

C h e m i c a l s
Standards used, analytica s.r.o., Prague:

aluminium chloride 1.000 ± 0.002 g dm–3 containing 5 % HCl 
Gallium chloride 1.000 ± 0.002 g dm–3 containing 10 % HCl
indium chloride 1.000 ± 0.002 g dm–3 containing 10 % HCl

•

8-Hydroxyquinoline-5-sulphonic acid hydrate (QSA), 
Sigma–Aldrich was used without purification
0.1m Benzyldimethyltetradecylammonium chloride 
(Zephyramine®) – Sigma-aldrich Co.
0.1m 1-ethoxykarbonylpentadecyltrimethylammonium 
bromide (Septonex®)–Sigma-aldrich Co.
0.1m dodecylbenzyldimethylammonium bromide (aja-
tin®) – Sigma-aldrich Co.
1% didodecyldimethylammonium bromide – Sigma-
aldrich Co.
1% Polyoxyethylene(23) lauryl ether (Brij 35) – Sigma-
aldrich Co.
1% Hexadecyltrimethylammonium chloride – Fluka.
1% 4-(1,1,3,3-Tetramethylbutyl)phenyl-polyethylene 
glycol (Triton X-100) – Calbiochem Co.
0.1 m Sodium dodecylsulphate (SdS) - BdH Chemi-
cals, England.

E v a l u a t i o n  o f  d a t a
The limits of detection Xd

α and Xd
β calculated accor-

ding to Graham7 follow from the calibration plots and their 
confidence intervals were compared with those from multiple 
measurements of the background according to iUPaC8.

The stoichiometry of complexes was evaluated by using 
the modified continuous variations method9 in the absence 
and presence of cationic surfactant Zephyramine. The fluo-
rescence was measured for several sums of equimolar soluti-
ons, where co = cm + cL.

results
The complexes of 8-Hydroxyquinoline-5-sulphonic acid 

with Al, ga, and In produce an outstanding fluorescence for 
wavelengths over 430–600 nm with λmax at 495 nm for al, 
λmax at 504 nm for ga and λmax at 519 nm for in. The corre-
sponding excitation λmax are 360 nm, 365 nm and 367 nm. 
The fluorescence shows considerable pH dependence which 
reaches the maximum in solution with cL = 7.4 × 10–5 m 

•

•

•

•

•

•

•
•

•

Fig. 1.	 excitation(a)	and	emission(b)	spectra	of	aluminium(iii)	
in	the	presence	of	7.4	×	10–5	mol	dm–3	qSa	at	620	v	in	depend‑
ence	on	concentration	of	al(iii)	at	ph	4
1 – 1.6 μg cm–3,	2	–	0.8 μg cm–3, 3 – 0.4 μg cm–3,	4	–	0.2 μg cm–3,		
5	–	0.05 μg cm–3,	6	–	0 μg cm–3



Chem. Listy, 102, s265–s1311 (2008) Environmental Chemistry & Technology

s514

at pH 4 for al3+, cL = 1.5 × 10–5 m at pH 3 for Ga3+ and 
cL = 3.5 × 10–5 m at pH 8 for in3+ (Figs. 1. and 2.).

no fluorescence was observed for the sole reagent in this 
pH interval.

The first derivations of the fluorescence and excitation 
spectra under the same conditions as the normal spectra with 
λmax(em) = 460 nm (alQSa), λmax(em) = 472 nm (GaQSa) 
and λmax(em) = 478 nm (inQSa)are given in Fig. 3. Higher 
derivations could not be used because of a big noise of the 
instrument.

The calibration plots are stricly linear in solution with 
cL = 7.4 × 10–5 m for al3+ at pH 4 or cL = 5.8 × 10–5 m QSa 
for Ga3+ at pH 3 and cL = 1.78 × 10–5 m and pH 8 for in3+.

although the calibration plots are strictly linear till 
2 μg cm–3, the meaningful metal concentration range was 
0.04–1 μg cm–3. The decrease of QSa concentration in solu-
tion negatively influence the extent of the linear part of the 
calibration plot, the increase of QSa concentration causes 
quenching.

There is no considerable difference in the values of de-
tection limits for normal spectra, derivative spectra and values 
in the presence of 0.0012 m cationic surfactant Zephyramine 

when values according to Graham and iUPaC recommenda-
tion are compared.

Cationic surfactants increase considerably the intensity 
of fluorescence with no λmax shift, but some little bathochro-
mic shift (lesser than 20 nm) of excitation maximum is obser-
ved. The fluorescence increase is time dependent and takes 
1 hour either during radiation or when the sample is left in 
darkness. Since the largest effect of the cationic surfactant is 
often observed for the CMC the formation of a fluorescent 
ion associate is assumed with the anionic metal complexes. 
The fluorescence, however, slowly decreases after reaching 
the micellar concentration of the surfactant.

The largest positive effect was found for 0.0012 m 
Zephyramine but for the subsequent increase of concentra-
tion a considerable decrease of fluorescence is observed for 
all cationic surfactants.

The anionic surfactants such as dodecylsulphate have 
a negative influence with the increasing concentration. no 
effect is observed for selected non ionic surfactants such as 
Triton X 100 and Brij 35, and β-cyclodextrine.

The effect of various surfactants follows from the Fig. 4. 
which shows relative fluorescence intensity dependence 
on surfactant concentration for gaQSA. The influence of 
surfactants for the alQSa and inQSa is similar to that of 
GaQSa complex.

The fluorimetric method of continuous variations for at 
least two concentrations co gives unambiguously the simple 
mole ratio m : L = 1 : 1 in the al3+, Ga3+ and in3+ complexes 
at pH 3–4. For the increasing pH 8 and in3+ a higher complex 
is also indicated (Fig. 5.).

in the presence of constant concentration 0.0012 m of 
cationic surfactant Zephyramine a ratio m : L = 1 : 3 appears 
which may indicate the formation of a ternary species, mL3

3–

.3 T+.

Fig. 2.	 fluorescence	intensity	dependence	on	ph	for	each	com‑
plex (0.3 μg cm–3	of	each	element)	at	optimal	conditions

Fig. 3. The first derivative excitation(a) and emission(b) spec‑
tra	of	aluminium(iii)	in	the	presence	of	7.4	×	10–5	mol	dm–3	qSa	
at	620	v	in	dependence	on	concentration	of	al(iii).
1 – 1.6 μg cm–3,	2	–	0.8 μg cm–3, 3 – 0.4 μg cm–3,	4	–	0.2 μg cm–3,		
5	–	0.05 μg cm–3,	6	–	0 μg cm–3

Fig. 4. surfactants influence on the gaQsa complex at pH 3. 
Septonex,	zephyramine,	ajatine,	SDS	–	mol	dm–3,	ctac	(hex‑
adecyl	 trimethyl	 ammonium	 chloride	 –	 c/4	 [mol	dm–3],	 DDab	
(didodecyldimethyl ammonium bromide), β-Cyklodextrine – 	
c/5	 [mol	dm–3], Triton x 100 – c/4 × 10–5	 [ppm],	 brij	 –		
c/15	[mol	dm–3].
Critical micellar concentrations are highlighted by the fulfilled 
marks
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There are no interferences observed for na+ and K+ at 
1,000 : 1 molar ratio. The effects of some other ions at opti-
malized conditions are summarized in Fig. 6. no considerable 
difference in the interferences is observed for the absence or 
presence of cationic surfactant Zephyramine (Fig. 6.).

For the application, 0.04–1 μg cm–3 of al3+, Ga3+ and 
in3+ are determined in the excess of QSa in the presence of 
0.0012 m Zephyramine and 0.05 m hexamethylentetramine 
at pH 4 for al, pH 3 for Ga and in the presence of 0.05 m 
tetraborate at pH 8. in the presence of 0.05 m hexamethy-
lentetramine or sodium tetraborate 10% lower fluorescence 
intensity is observed. 0.05 m mES is not suitable because of 
larger fluorescence intensity decrease about 15 %.

conclusions
The collinear fluorescence spectra of complexes with 

8-Hydroxyquinoline-5-sulphonic acid were used for the 
study of al, Ga, in complexes and determination of these 
elements at pH 4, 3 or 8. Strictly linear calibration plots for 
0.04 – 1 μg cm–3 of the metal ion are observed under optimi-
zed conditions for the normal and first derivative spectra or in 
the presence of cationic surfactant.

The efficiency of fluorescence intensity increases in 
the presence of submicellar concentrations of cationic sur-
factants, especially Zephyramine. The detection limits from 
normal or first derivative spectra and in the submicellar media 
are practically identical (0.03–0.05 μg cm–3), but sensitivity is 
significantly increased in the presence of Zephyramine. Fatal 
interferences are observed from Fe3+ and Po4

3– only.
For the individual determination of al, Ga and in with 

QSa hexamethylentetramine or sodium tetraborite buffers 
are suitable. The multicomponent determination of these ions 
can be carried out by approaching the PLS method10.
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Fig. 5.	 continuous	 variations	 of	 alqSa	 complex	 at	 ph	4.		
1	 –	 c0	=	1.1	×	10–4 M, 635 V, 2 – c0	=	5.6	×	10–5	 m,	 705	v,		
3 – 5.6 × 10–5	m,	0.0012	m	zephyramine,	660	v

Fig. 6. interferences for 0.3 μg cm–3	of	each	element	at	optimal	
conditions	in	the	presence	of	0.0012	m	zephyramine
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introduction
Collagen is a widely applicable protein in medical appli-

cations. The main advantage of this biomaterial is its ability 
to create fibers with a high strength and stability by using dif-
ferent cross-linking agents or physical methods. Collagen’s 
significant properties are biocompatibility and resorbability in 
organism, which might be particularly used at surface modifi-
cation of surgical fabrics based on polyester silk (PES). The 
collagen modified PES nets used in surgery for longtime fixa-
tion or reinforcing different organs may accelerate healing 
injury as well as reduce inflammation of a tissue surrounding 
the implanted fabrics1.

natural crosslinking gives collagen special properties, 
namely higher rigidity and endurance against proteolytical 
cleavage. However, during processing and utilization the 
collagen loses those particular properties. That is why the 
collagenous material is additionally cross-linked by chemi-
cal or physical methods in order to regenerate original net 
behaviours. 

Chemical methods employ bifunctional compounds 
(e.g. aldehydes, epoxides, isocyanides, carbodimides, acry-
lic acid etc.) which can react with amino groups of colla-
gen in two different places resulting in generation of a new 
strengthing bond. Their main disadvantage is toxicity of 
used chemicals2. instead of toxic aldehydes it might be used 
nontoxic 1-ethyl-3-(-dimethylaminopropyl) carbodiimide 
(EdC), which is soluble in water. For reaction acceleration 
the n-hydroxysuccinimide (nHS) as catalyst can be added to 
the system with EdC3.

in this work cross-linking agents based on melamin-
formaldehyde resin (named as LyoFiX and mH – 83) as 
well as carbodiimide (system EdC/nHS) were used for 
crosss-linking collagen impregnated on the polyester surgical 
net CHS 100. Swelling behaviours in the water and degra-
dation at 37 °C in physiological solution with the purpose of 
increasing biocompatibility of commercial surgical net were 
examined.

experimental
Modified derivative of alkylmelamineformaldehyde in 

aqueous solution (LYOFIX, Ciba, Hungary), hexamethylol-
melamineformaldehyde resin (mH-83, draslovka a.s. Kolin, 
CZ), 1-ethyl-3-3-dimethylaminopropyl)-carbodiimide hyd-
rochloride (EdC, Sigma-aldrich s.r.o.), n- hydroxysukcini-
mide (nHS 98 %, Sigma-aldrich s.r.o.), na2HPo4

. 12H2o 
(Lach-ner a.s. CZ), collagen type i (8 %, vUP a.s., Brno), 
net for surgical purposes (CHS 100 – knitwork made from 

polyester silk, vUP a.s., Brno), ultra - clean demineralize and 
deionize miLiQ water (prepared in arrangement of millipore 
S.a. at FCH BUT, CZ).

P r e p a r a t i o n  o f  a  C o l l a g e n  F i l m s
Polyester fabric CHS 100 was cut into same size square 

pieces of about 1 cm2 which were diped layed on the 5 ml 
of 1% collagen solution (prepared from 100% freeze – dried 
collagen) embedded with extra 5 ml of 1% collagen solution. 
This sample was air-dried for approximately 48 h to the con-
stant weight.

C r o s s - L i n k i n g 
Collagenous films were cross-linked by 2% solution 

of LyoFiX and mn-83 resins for a period of 12 mins. 
Subsequently the samples were five times washed by the 
distilled water for 5 mins and dryied by air to the constant 
weight.

Collagenous films were cross-linked by the ethanol solu-
tion containing 50 mmol dm–3 of EdC and 25 mmol dm–3 of 
nHS. after 4 h of cross-linking the samples were washed out 
for 2 h in 0.1m solution of na2HPo4

.12H2O and finally four 
times for half an hour in the distilled water followed by air-
drying to the constant weight.

S w e l l i n g
Swelling characteristics were evaluated to compare the 

cross-linking effectivity by each agent. Swelling proceeded 
for a period of 40 min to 1 h in miLiQ water at a laboratory 
temperature. Quantity of absorbed water was weighted in five 
minute intervals. Both water content (ov) and swelling ratio 
(SB) of each sample were calculated according to equation 
(1) and (2), where mc is weight of swollen sample in a given 
time and ms is weight of dry sample prior the swelling4.

ov [%]  =  100
m mc s

mc

−
⋅  (1)

SB [–]  =  
mc
ms

 (2)

d e g r a d a t i o n
Each sample was placed in the physiological solution 

with addition of sodium azide (0.1% naCl + 0.02% na3n) 
and placed into the incubator set to 37 °C to determine the 
hydrolytic degradation. Prepared samples were every day 
taken out from the incubator, dried by the filtration paper, 
consequently weighted and immediately placed back with 
fresh physiological solution. degradation was expressed as 
percentual decrease of collagen weight in certain time having 
the zero point at the maximum of swelling according to equa-
tions (3) and additionaly (4)–(6).
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degradation  =  100 – ((Wk . 100)/Wb) (3)

Wk  =  W – Wsb (4)

Wsb  =  Wss + Wss . ov13 (5)

ov13 = 100
W Wsssb

Wsb

−
⋅  (6)

Wk represents weight of swollen collagenous sample 
without wet net, Wb is weight of swollen collagenous sample 
at maximum of swelling, Wsb is weight of wet net, Wss is 
weight of dry net, W is weight of swollen collagenous sam-
ple with net and ov13 is water in net after 13 days of swel-
ling (%).

m o r p h o l o g y
morphology of samples was observed by the scanning 

electron microscope Philips Quanta 200. on the sample sur-
face conductive lay of 3–4 nm were steamed by the sputter 
Polaron SC7640 prior the analysis.

result	and	Discussion
S w e l l i n g  r a t i o

Swelling ratio (SB) of all prepared samples shows Fig. 1. 
it can be seen that the highest swelling ratio attained non 
cross-linked collagen (SB  =  42 in 25 min), then non cross-
linked collagen coated on the net (SB  =  14 in 25 min). Cross-
linked collagens have almost same swelling ratio (SB  =  3–4 
in 25 min). The lower amount of water absorbed polyester 
net (SB  =  1 in 25 mine).

d e g r a d a t i o n
From the degradation behavior dependence of collagen 

in the physiological solution at 37 °C on time (Fig. 2.) it is 
assumed that the fastest degradation yielded non cross-linked 
collagen within 21 days of incubation. after 23 days degra-
ded non cross-linked collagen coupled to the net resulting in 
net maintain. The slowest degradation in the physiological 
solution showed the collagen cross-linked by EdC-nHS 
which recorded 59 % of degradation in 78 days of incuba-
tion. The shortest degradation of cross-linked collagen embo-
died sample treated by LyoFiX resin (17 % of degradation 
in 24 days) followed by mH-83 resin (32 % of degradation 
in 35 days).

m o r p h o l o g y
Scanning electron microscope picture in Fig. 3.a (sight 

angle of 54 °) shows good adhesion between the non cross-
linked collagen coated on the PES net as well as between the 
collagen cross-linked by the EdC-nHS and the PES fabric 
(Fig. 3.b).

Cross-linked samples after the degradation were obser-
ved in environmental mode. From the Fig. 4. it is evident 
the separation of collagen from the polyester net in this case 

Fig. 1. dependence of swelling ratio on time for samples cross-
linked	by	the	eDc	–	nhS	(), lyofix (), MH-83 (),	non	
cross-linked collagen with net (),	 non	 cross‑linked	 collagen	
without the net () and the net without collagen ().

Fig. 2.	 Dependence	of	degradation	on	time	of	collagenous	sam‑
ples	coss‑linked	by	the	eDc	–	nhS	(), lyofix (), MH 83 
(),	non	cross‑linked	collagen	on	the	net	(),	non	cross‑linked	
collagen without the net ()

 (a) (b)
Fig. 3.	 morphology	of	collagen	built	–	up	on	the	net	chS100	
non	cross‑linked	(a)	and	cross‑linked	by	the	eDc	–	nhS	(b)
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cross-linked by the EdC – nHS after the 78 days of incuba-
tion in the physiological solution.

conclusions
The all cross-linked collagen samples embodied very 

good adhesion to the net when coated and did not show any 
separation until the total degradation. Samples cross-linked 
by the new system of EdC-nHS attained approximately the 
same swelling ratio like samples cross-linked by the resins of 
LyoFiX and mH-83. The biggest strength of polymeric net 
and hydrolytic degradation resistivity showed sample cross-
linked by the EdC-nHS system, which were stable against 

the degradation for 78 days in physiological solution at 37 °C 
(confirmed by microscopy). Due to the obtained properties 
the new cross-linked collagen might enhance the biocompa-
tibility of commercially used net CHS 100 since it is coated 
and implanted. Moreover, collagen itself might be modified 
(e.g. with hyaluronic acid) in order to speed up the wound 
healing process or reduce the tissue inflammation in the net 
surrounding environment.

This work was supported by the Ministry of Education, 
Youth and Physical Training of the Czech Republic under the 
research project MSM 0021630501
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introduction
The necessity of old environmental burden areas remedy 

is one of present environmental problems. The negative ef-
fect of the anthropogenic breach into the environment arised 
in the past still exists. it can be often a potential source of risk 
element input into the all components of the environment. 
The old scrap-heaps, mines, landfills, industrial, biological1 
and chemical wastes, heavy metals2 and oil products are 
important factors of the environment contamination. 

in our research work the soil hygiene of three various 
old environmental burden areas of Slovakia is evaluated. 

The first one is the wider surrounding of previous nickel 
smeltery in Sereď situated in the loaded region Dolný Váh, 
one of 12 regions of the Slovak republic with the most conta-
minated soils by risk elements3. The second observed region 
is the alluvial area near of Štiavnica river running through the 
area long-time burden by intensive mine activity4. The third 
surveyed locality is the wider surrounding of iron ore mines 
in Rudňany. This enterprise belonged in the past to the one 
of determining sources of the emission contamination of the 
environment in loaded area of Stredný Spiš. 

The risk of heavy metal input from residual metallic bur-
den soil into the food plants as well as into the whole human 
food chain is in observed regions evident.

experimental
The observation of risky elements in soils were realized 

on parcels in cadasters of villages: Zavar, Križovany, Vlč-
kovce, Hoste, Malá Mača and Veľká Mača in the distance 
of 5 to 9 km in northern and nort-western direction and in 
cadasters of villages Veľká Mača, Šintava and Vinohrady nad 
váhom in the distance of 2 km south-western, 2.8 km eastern 
and 3.5 km north-eastern from former emmission source of 
nickel smeltery Sereď. 

in longitudinal north-southern direction of river Štiav-
nica alluvium 11 soil samples from cadastres of villages Pren-
čov, Hontianske nemce, Hontianske Tesáre, Terany, Dudince, 
Hokovce, Horné Semerovce, Tupá, and Hrkovce were taken. 
The river length is 54.6 km. The distance between Prenčov 
and Hrkovce is about 36 km. 

In the Stredný Spiš region the soil samples were taken 
in cadaster of Markušovce in the distance of 10–12.5 km 
north-western, Matejovce 7.6 km northern, Chrasť nad Hro 
 

nom 10 km north-eastern and Poráč 6 km eastern of former 
emmission source ŽB Rudňany. 

The samples with pedological probe from surface soil 
layer were taken from 33 experimental sites. analyses were 
conducted in samples of soil ground on fine soil I. and from 
this fine soil the representative sample was taken and sieved 
through the sieve with average 0.2 mm (fine soil II). The total 
content of risky elements was determined by the aaS method 
in soil extract gained after total decomposition of soil by wet 
way with the mixture of acids HF + Hno3 + HClo4.

results
The soil hygiene was evaluated after resolution of the 

ministry of agriculture of the Slovak republic no. 531/1994-
-540, which determines the hygienic limits for soil contents 
of 15 selected risk elements. The reference value a means 
that the soil is not contaminated if the substance concentra-
tion is below this value, the indicative value B means that soil 
contamination was analytically proven, the indicative value C 
means the necessity of the soil sanitation. The soils surround 
of previous nickel Smeltery Sereď could be considerated 
from the standpoint of risky metals contents as relatively 
„clean“, in spite of moderately enhanced contents of Cd, Cu, 
ni and Co. There was no content value meaning analytical 
proof of soil contamination. The Cd content was in the range 
from 1.6 to 2.5-fold of background value a (0.8 mg Cd kg–1) 
in all observed parcels. The ni content exceeded the value 
a (35 mg ni kg–1) in all parcels with the exception of vino-
hrady nad váhom locality, while it was enhanced from 1.1 to 
1.4-fold. The Cu content was increased in all localities with 
the exception of Zavar and Veľká Mača (1.03 to 1.93-fold of 
value a 36 mg Cu kg–1). The enhanced soil content of Co was 
observed in Zavar, Hoste, Veľká Mača and Šintava (1.06 to 
1.22-fold of value a 20 mg Co kg–1). all of the determined 
values were deeply under the hygienic limit for the soil con-
tamination.

in soils of the second observed region of alluvium Štiav-
nica river the soil contamination by high contents of Cu, Zn, 
Cd and Pb was confirmed. The determined Pb contents were 
extremely high in all of analysed soil samples and they even 
markedly exceeded the indicative limit value for soil sani-
tation C (600 mg Pb kg–1) given by valid legislative.The Cu 
and Pb contents in observed soils were the highest in Prenčov 
(2.6-fold of indicative value B 100 mg Cu kg–1 resp. 5.4-fold 
of indicative value C for Pb), the highest Zn and Cd contents 
were determined in soil of Hontianske nemce (5.52-fold 
resp. 4.24-fold of indicative values B 500 mg Zn kg–1 resp. 
5 mg Cd kg–1). The lowest Cu soil content was determined 
in Horné Semerovce (on the level of the indicative value 
B), the lowest Zn, Cd and Pb contents were determined in 
Hontianske Tesáre (Zn on the level of the limit value B, Cd 
30% under the limit and Pb 1.78-fold of the indicate value B 
150 mg Pb kg–1).

The situation in the wider surrounding of the third 
surveyed site of the former emmission source was different. 
The enormly high content of Hg was found out in Markušovce 
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in locality Olšanské pole, which was even exceeding the hygi-
enic limit determining the soil sanitation (1.9 to 3.8-fold of 
value C 10 mg Hg kg–1). Similarly the extremely high content 
of Hg was determined in Poráč, where the 3.2-fold higher 
exceeding of this limit value was determined. The contami-
nation of soil by Hg was obvious also in localities: Pod horky, 
Zemkovské (Markušovce) and na stráni (Matejovce because 
of the exceeding of limit value B (2 mg Hg kg–1) for the soil 
contamination at 4.65-fold. Similarly the soil contamination 
by As was proved in Markušovce (locality Olšanské pole), 
where the limit value B (30 mg as kg–1) was exceeded 1.45-
fold and Poráč (locality Pasienky) with 1.06-fold In Poráč the 
soil contamination by Cu was evident (1.15-fold of limit B).

conclusions
The residual soil burden by heavy metals and potential 

follow contamination of the food chain in observed areas pre-
sents the potential risk for the human health. Therefore it is 
important to monitor the risk metal contents as in soils as in 
agricultural plants and in case that it is necessary to realise 

the remedy for the inhibition of the risk heavy metal input 
into the human food chain.

This work has been supported by projects KEGA No. 
3/5081/07 and VEGA No. 1/3455/06
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introduction
4-Oxo-1,4-dihydroquinoline derivatives (4-quinolones) 

represent one of the largest classes of antimicrobial agents 
used nowadays in the medical care1. Specific members of 
this drug family display also high activity against eukaryotic 
type ii topoisomerases, as well as against cultured mamma-
lian cells2. These antineoplastic quinolones represent a pro-
spective source of new anticancer agents. The presence of 
extended π-electron system of quinolone derivatives results 
in their photosensitive properties; therefore Uva irradiation 
can induce their photosensitive reactions with phototoxic 
responses. Previously we demonstrated that excitation of nit-
rogen heterocycle molecules by UVA radiation may signifi-
cantly enhance their biological activities3. 

novel 7-substituted 6-oxo-6,9-dihydro[1,2,5]selenadiaz
o-lo[3,4-h]quinoline derivatives were synthesized as poten-
tial anticancer and antimicrobial agents and their ability to 
produce reactive oxygen Species (roS) upon irradiation 
was tested using Electron Paramagnetic resonance (EPr) 
spectroscopy. additionally, their cytotoxic/phototoxic effects 
on human leukemia cells HL60 were characterized.

experimental
The synthesis of 7-substituted 6-oxo-6,9-dihydro[1,2,5]-

selenadiazolo[3,4-h]quinoline derivatives was performed 
according to the reaction pathways published in ref.4.

Table i summarizes the structure, substitution and abbre-
viation of the synthesized selenadiazoloquinolones.

E P r  P h o t o c h e m i c a l  E x p e r i m e n t s
EPr measurements at the X-band were performed with 

an EmX EPr spectrometer (Bruker, Germany) using a TE102 
(Er 4102ST) resonator. Samples were irradiated at 295 K 
directly in the EPr spectrometer cavity using HPa 400/30S 
lamp (400 W, lmax = 365 nm, Philips, Uva irradiance 
3 mW cm–2). A Pyrex glass filter was applied to eliminate 
the radiation wavelengths below 300 nm. The experimental 
EPR spectra acquisition and simulation was carried out using 
WIN EPR and SimFonia programs (Bruker).

The photoinduced generation of free radicals was monito-
red by spin trapping technique with 5,5-dimethyl-1-pyrroline 
n-oxide (dmPo) and 5-(diisopropoxyphosphoryl)-5-methyl-
1-pyrroline n-oxide (diPPmPo) as the spin traps. The sele-
ctive oxidation of 4-hydroxy-2,2,6,6-tetramethylpiperidine 
(TmP) via singlet oxygen to the paramagnetic nitroxyl radi-

cal 4-hydroxy-2,2,6,6-tetramethylpiperidine n-oxyl (Tem-
pol) was applied for 1o2 detection by EPr spectroscopy. The 
aerated solutions of 7-substituted [1,2,5]selenadiazolo[3,4-
h]quinolo-nes in dimethylsulphoxide (DMSO) mixed imme-
diately before EPR experiments, were transferred into a flat 
cell (WG-808-Q, Wilmad) suitable for TE102 cavity, and the 
EPr spectra were monitored in situ. 

Uv/visible spectra were recorded in dmSo by means of 
a Shimadzu Uv-3600 spectrophotometer. 

C y t o t o x i c / P h o t o t o x i c  E f f e c t
The murine leukemia cell line HL60 (obtained from 

american Type Culture Collection, rockville, md, USa) 
was used. These cells were grown in rPmi medium in 5 % 
Co2 at 37 °C under conditions specified in ref.4. a starting 
inoculum 2.6 × 105 HL60 cells ml–1 in the exponential phase 
of growth was used. 5 ml of the suspension were added 
into Petri dishes (diameter 60 mm), then 20 μl of derivative  
7-ac-SeQ at various concentrations were added to the cells. 
one part of the dishes was irradiated with HPa 400/30S lamp 
upon Uva dose of 0.4 J cm–2. after 24, 48 and 72 h cultiva-
tion, the number of cells per culture dishes was counted in a 
Bürker chamber and viability of treated and control irradi-
ated/non irradiated cells were determined by 0.4 % trypan 
blue staining.

results
7-Substituted 6-oxo-6,9-dihydro[1,2,5]selenadiazolo[

3,4-h]quinoline derivatives absorb UV radiation with three 
absorption maxima about 400, 340 and 300 nm, which are 
only slightly influenced by the substituents properties, as is 
shown in Fig. 1. The presence of acetyl substituent in 7-ac-
SeQ derivative caused bathochromic shift of the low-energy 
band to 410 nm with a shoulder at 485 nm.

Upon photoexcitation, all 7-substituted 6-oxo-6,9-dihy
dro[1,2,5]selenadiazolo[3,4-h]quinoline derivatives demon-
strated the ability to generate super-oxide anion radicals trap-
ped as •dmPo-o2

– or •diPPmPo-o2
– spin adducts. 

Fig. 2.a shows the time-course of 11 individual EPr 
spectra monitored upon continuous Uva irradiation of 7-
COOEt-SeQ, indicating the efficient generation of twelve-
line EPr signal with spin Hamiltonian parameters corre-
sponding to •dmPo-o2

– (an = 1.275 mT; aH
β = 1.032 mT; 

Table i
Structure, substitution and abbreviation of investigated 7-
substituted 6-oxo-6,9-dihydro[1,2,5]-selenadia-zolo[3,4-
h]quinoline derivatives

 Structure 7-Substitution abbreviation
  H 7-H-SeQ
  CooC2H5 7-CooEt-SeQ
  CooCH3 7-Coome-SeQ
  CooH 7-CooH-SeQ
  CoCH3 7-ac-SeQ
  Cn 7-Cn-SeQ
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aH
γ = 0.135 mT and g-value = 2.0058). additionally, Fig. 2.

b illustrates the formation of typical three-line EPr signal of 
Tempol (an = 1.575 mT; g = 2.0060) produced from TmP via 
singlet oxygen. However, photogenerated paramagnetic Tem-
pol is upon prolonged irradiation decomposed to diamagne-
tic products, most probably by the termination of its nitroxyl 
group with super-oxide anion radicals ( > no• + o2

•–). 

The EPR experiments confirmed that the photoexcita-
tion of selenadiazoloquinolones in the presence of molecu-
lar oxygen resulted in the formation of o2

•– and 1o2, and 

these processes perform simultaneously. The photoactivity 
of 7-sub-stituted 6-oxo-6,9-dihydro[1,2,5]selenadiazolo[3,
4-h]quinoline derivatives upon irradiation of polychroma-
tic Uv source was evaluated using (i) quantum efficiency 
of spin-adduct formation of superoxide radical with dmPo 
spin trap (•dmPo-o2

–), and (ii) quantum efficiency of Tem-
pol generation from TmP by singlet oxygen. The values of 
quantum efficiencies reflect the donor/acceptor properties of 
substituents; the highest value of •dmPo-o2

– quantum effi-
ciency was found for 7-acetyl 6-oxo-6,9-dihydro[1,2,5]selen
adiazolo[3,4-h]quinoline (7-Ac-SeQ).

The in vitro cytotoxic effect of six 7-substituted 6-oxo-
6,9-dihydro[1,2,5]selenadiazolo[3,4-h]quinoline derivatives 
was investigated on cell proliferation of human leukemia 
HL60 cells. derivatives demonstrated different cytotoxic ef-
fects, which were time- and concentration- dependent, and 
the highest impact was found for 7-ac-SeQ. The application 
of Uva irradiation caused an escalation of 7-ac-SeQ effects 
on cell proliferation; the percentage of growth inhibition was 
increased in the range of 10–50 %.

conclusions
EPR and UV/Vis experiments confirmed UVA-induced 

excitation of 7-substituted 6-oxo-6,9-dihydro[1,2,5]selenadia-
zolo[3,4-h]quinoline derivatives, which is coupled with elec-
tron or energy transfer to molecular oxygen via Type i and 
Type ii photooxidation mechanisms producing super-oxide 
anion radical and singlet oxygen.

Dedicated to Prof. Andrej Staško on the occasion of his 
70th birthday.
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Fig. 1.	 Uv/viS	spectra	of	7‑substituted	6‑oxo‑6,9‑dihydro[1,2,
5]selenadiazolo[3,4-h]quinoline derivatives measured in dMso 
(concentration 40 μM; cell length 1 cm)
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Fig. 2.	 the	time‑course	of	ePr	spectra	monitored	upon	pho‑
toexcitation	 of	 aerated	 DmSo	 solutions	 of	 7‑cooet‑Seq	
(c0 = 3.2 mM) in the presence of: a) dMPo spin trap (magnetic 
field sweep, sW = 10 mT); b) TMP (sW = 6 mT)
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introduction
The elemental boron almost is not occurred in nature 

and it usually is component only its different compounds. 
The boron forms boranes with hydrogen. it forms acids of 
these types: (HBo2)n and H3Bo3. The borides are boron com-
pounds with metals (me) and boron forms BX3 with halides 
(X3). The oxycompounds are formed with boron and oxygen, 
i.e. B2o3 and (Bo)n. B2o3(l) [molten] dissolves oxides of 
metals (borax pearls). Wide range of boron compounds exists 
with different stoichiometry and structure (see Fig. 1.). The 
boron more often exists as borax in nature. The molten borax 
covers molten other metal and so it is protective compound 
against oxidation. The mixture boron and na2Co3 is used for 
dissociation of geological and hard dissolving samples1,2.

Borax is used in recovery line for process improve-
ment in kraft pulp mill too. The conventional recovery cycle 
with addition of borates; this produces 10 % of the formed 
naOH (partial autocaustification). The borates react in two 
places in the recovery cycle: the recovery boiler and the 
smelt dissolver. in the former sodium carbonate reacts with 
a sodium-lean borate, forming a sodium-rich borate formed:  

naBo2(l) + na2Co3(l)  =  na3Bo3(l) + Co2(g). in this reac-
tion, the borates and the sodium carbonates are in a smelt 
phase, which implies that the reaction rate is high. in the dis-
solver, na3Bo3 reacts with water: na3Bo3(l) + H2o  =   2nao
H(aq) + naBO2(aq)(ref.3).

Boron compounds are occurred in fresh/salt water and 
in waste water too. Concentration of boron compounds is 
app. 5 mg dm–3 in salt water4. Boron occurs naturally in fresh 
water at an average of 1  mg dm–3 or less many times. High 
boron concentrations may be toxic to freshwater fish regar-
ding concentration of 10–300 mg dm–3 (e.g. for rainbow trout 
24-day LC50 is 88 mg dm–3) in flowing water. Mainly borate 
is hazardous for water plants (e.g. for Green algae 96-hr iC10 
is 24 mg dm–3). Any definitive ecotoxicological conclusions 
don’t exist about genotoxic, carcinogenic or mutagenic ef-
fects to water organisms, but still under investigation5.

experimental
The autocaustification was realized in kraft pulp mill. 

Trial was started on december 1, 2007 till december 14, 2007 
and restarted again on January 4, 2008. This trial was finis-
hed on February 25, 2008. Waste water was monitored for 
boron concentrations in two different laboratories. The boron 
concentration was determined in the first laboratory (spectro-
photometry with azomethin at 415 nm) as calculation from 
borates. The boron also was analyzed using oES iCP method 
(in 2nd laboratory) the first time in different samples of waste 
water, which were from different pH and Cod. alkali waste 
water, acid waste water, waste water of sewage water treat-
ment plant, water from river and output to river were analy-
zed for boron in two steps, i.e. during trial and after trial in 
2nd laboratory with oES iCP.

Borax was added into dissolvent tank for green liquor 
step by step. Boron concentration was increased in waste 
water in February, when borax was added more in recovery 
line.

results
Boron analysis was difficult because of small particu-

lates, which were filtrated from samples, but boron concent-
ration was estimated from samples, which were not filtrated. 

Fig. 1.	 chart	for	boron	reaction

Fig. 2.	 borax	na2b4o7
.	10h2o	i.e.	Sodium	tetraborate.	it	is	ap‑

plied	 in	different	 industry:	metallurgy,	glass	 industry,	ceramic	
industry	and	in	some	pulp	mill
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The results are from these samples, because boron could be 
component in small particulates of waste water samples. 
Boron concentration is low in waster water which is cleaned 
in SWTP. The limits are not specified by low for boron con-
centration in waste water to the water recipient.

in the danube, water (Komárno – Bratislava) was 
determinate to have a natural concentration on the level of 

39 µg dm–3(ref.6) and for river is the level of 20 µg dm–3 in 
the river after the biological waste water treatment plant and 
20 µg dm–3 in recipient to pulp mill. Boron concentration was 
low in lime sludge too. Boron was accumulation in system 
and its output was waste water, but boron concentration was 
low.

conclusions
in this work was studied effect of adding boron com-

pound to recovery line on the water quality.
Boron is component in very small particulates in waste 
water, therefore boron concentration is better without 
filtration of samples for boron determination. Boron 
concentration is not total in waste water by filtration.
Boron concentration is low in output - waste water to 
river, what corresponding accumulation of boron com-
pounds in system of pulp mill.
There was little decreasing of boron concentration after 
trial, but boron compounds were in system.

Open question: 
What about deposits in recovery line and pipeline of 
waste water?

This work has been supported by Kraft pulp mill.
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introduction
in the past there were high sulphur contents in the soil, 

mostly from the atmospheric inputs. nowadays, in some 
localities deficit of sulphur was observed. In the last time 
advanced quality of environment is required by society. The 
aim of this work was to identify the distribution of sulphur 
fractions in different soil types of Slovakia.

experimental
Basic sulphur fractions that we assessed in soil samples 

were: chloride soluble sulphur (CiSS), sulphate sulphur (SS), 
heat soluble sulphur (HSS) by Williams-Steinbergs. Soil 
samples were taken from similar depths from 52 localities 
including basic soil types: Haplic Chernozems (CHH), Haplic 
Luvisols (LvH), Phaeozems (PH), Eutric Cambisols (CmE), 
dystric Planosols (PLd), in 1999–2006 years. analytical 
methods of sulphur fractions determination were described 
by Jedlovská, Feszterová1.

results	and	Discussion
C h l o r i d e  S o l u b l e  S u l p h u r  F r a c t i o n 
( C l S S )

The chloride soluble sulphur values (ClSS) were deter-
mined as extremely hight in Phaeozems, in localita Maňa, 
Žitavský luh 2,744.5 mg kg–1 (depth: 0–0.1 m) and in loca-
lity Okoč 1,173.6 mg kg–1 (0–0.4 m). Generally, the contents 
of ClSS varied with depth, the highest values were observed 
in subsoil layers. The minimum values were determined in 
vineyard on Eutric Cambisols 3.2 mg kg–1 (0.3–0.6 m; Tokaj) 
and in textural light Haplic Luvisols 4.4 mg kg–1 (0.5–0.6 m; 
Rišňovce).

S u l p h a t e  S u l p h u r  F r a c t i o n  ( S S )
The highest sulphate sulphur content was in Haplic Luvi-

sols locality Golianovo (1,191.7 mg kg–1; depth: 0–0.2 m) 
and nové Sady (856.1 mg kg–1; 0.2–0.4 m). The content of 
sulphate sulphur varies by soil types and depth of soil profi-
les. The minimum values (from 1.2 mg kg–1 to 3.7 mg kg–1) 
were observed in topsoil of Haplic Chernozems (locality Šte-
fanovičova), Eutric Cambisols (locality Viničky) and Haplic 
Luvisols (Rišňovce).

H e a t  S o l u b l e  S u l p h u r  F r a c t i o n 
( H S S )

The lowest values of HSS fraction were determined 
in comparison to the mentioned sulphur fractions. The hi-
ghest HSS content was in Phaeozems locality Žitavský luh 
(1,837.4 mg kg–1; depth: 0–0.1 m), in Haplic Luvisols loca-
lity revúca (617.5 mg kg–1; 0–0.3 m) and in Haplic Cher-
nozems locality Sládkovičovo- nový Dvor (433.8 mg kg–1; 
0.5–0.7 m). The minimum of HSS (from 0.28 mg kg–1 to 
1.2 mg kg–1) were observed in topsoil of Eutric Cambisols 
(Tokaj), of Haplic Luvisols (Tesárske Mlyňany) and in sandy 
loam Haplic Chernozems (dulovce).

conclusions
The contents of sulphur fractions (ClSS, SS, HSS) varied 

by depth of soil profiles and soil types. The maximumn values 
of ClSS fraction were observed in Phaeozems (336.1 mg kg–1)  
and Haplic Luvisols (329.1 mg kg–1). The values under 
average values of ClSS (206.2 mg kg–1) were in Eutric Cam-
bisols (161.2 mg kg–1), Haplic Chernozems (121.0 mg kg–1) 
and dystric Planosols (83.8 mg kg–1). The highest contents 
of SS fraction were determined in Haplic Chernozems  
 

Table i
Contents of chloride soluble sulphur (ClSS)

 Soil types/ depth mean Standard
 (numbers) [m] [mg kg–1] deviation
  0.0–0.2 192.5 175.2
 Haplic 0.2–0.4 92.8 61.2
 Chernoyems 0.4–0.6 151.0 132.5
 (14) 0.6–0.8 98.7 71.8
  0.8–1.4 70.0 66.1
  0.0–0.2 234.0 151.4
 Phaeozems 0.2–0.4 373.7 271.5
 (6) 0.4–0.6 358.0 220.4
  0.6–0.8 453.2 303.0
  0.8–1.4 261.7 81.8
  0.0–0.2 305.3 274.3
  0.2–0.4 299.9 259.8
 Haplic 0.4–0.6 299.1 254.7
 Luvisols 0.6–0.8 375.3 333.6
 (17) 0.8–1.0 384.4 299.7
  1.0–1.2 395.5 275.0
  1.2–1.4 244.3 201.6
  0.0–0.2 82.0 77.0
 dystric 0.2–0.4 45.4 32.5
 Planosols 0.4–0.6 63.7 20.3
 (5) 0.6–0.8 106.2 72.4
  0.8–1.4 121.8 118.5
  0.0–0.2 130.0 125.9
 Eutric 0.2–0.4 157.4 157.3
 Cambisols 0.4–0.6 159.2 154.3
 (10) 0.6–0.8 171.8 156.4
  0.8–1.4 187.7 115.0
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(300.2 mg kg–1) and in Haplic Luvisols (286.3 mg kg–1), while 
in dystric Planosols the values were only 47.7 mg kg–1.

The differences between soil types were determined in 
HSS fraction, where the highest mean values observed in 
Phaeozems and Eutric Cambisols. The lowest value of HSS 
fraction was in dystric Planosols.

decreasing contents of ClSS fraction, in monitoring of 
soils types where: PH > LvH > CH > CmE > PLd, the decrea-
sing contents of SS fraction was LvH > PH > CH > CmE > P
Ld. Presented results show the possibilities how to evaluate 

the different fractions of sulphur in different soils types in 
Slovakia.

This work has been supported by grant VEGA 
1/4432/07.
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Table ii
Contents of sulphate sulphur (SS)

 Soil types/ depth mean Standard
 (numbers) [m] [mg kg–1] deviation
  0.0–0.2 162.1 134.2
 Haplic 0.2–0.4 184.2 144.9
 Chernozems 0.4–0.6 116.9 97.9
 (14) 0.6–0.8 149.7 108.7
  0.8–1.4 120.9 87.0
  0.0–0.2 213.2 125.7
 Phaeozems 0.2–0.4 218.4 52.0
 (6) 0.4–0.6 263.2 140.7
  0.6–0.8 428.9 187.2
  0.8–1.4 377.3 145.5
  0.0–0.2 323.0 320.3
  0.2–0.4 389.5 234.6
 Haplic 0.4–0.6 234.2 117.7
 Luvisols 0.6–0.8 242.0 124.3
 (17) 0.8–1.0 223.7 46.7
  1.0–1.2 281.4 64.6
  1.2–1.4 310.0 62.2
  0.0–0.2 38.7 35.9
 dystric 0.2–0.4 53.5 64.3
 Planosols 0.4–0.6 53.9 46.7
 (5) 0.6–0.8 50.3 36.8
  0.8–1.4 42.2 30.5
  0.0–0.2 92.4 79.0
 Eutric 0.2–0.4 103.1 91.6
 Cambisols 0.4–0.6 101.2 87.3
 (10) 0.6–0.8 154.3 59.9
  0.8–1.4 125.0 82.8

Table iii
Contents of heat soluble sulphur (HSS)

 Soil types/ depth mean Standard
 (numbers) [m] [mg kg–1] deviation
  0.0–0.2 93.4 89.0
 Haplic 0.2–0.4 143.8 115.8
 Chernozems 0.4–0.6 132.4 130.7
 (14) 0.6–0.8 110.4 89.1
  0.8–1.4 115.8 93.4
  0.0–0.2 207.4 109.5
 Phaeozems 0.2–0.4 249.8 92.7
 (6) 0.4–0.6 227.7 96.1
  0.6–0.8 213.3 36.2
  0.8–1.4 214.7 31.2
  0.0–0.2 145.3 106.7
  0.2–0.4 161.5 84.8
 Haplic 0.4–0.6 152.9 86.8
 Luvisols 0.6–0.8 163.5 127.2
 (17) 0.8–1.0 146.9 51.8
  1.0–1.2 131.3 71.2
  1.2–1.4 127.7 48.1
  0.0–0.2 53.5 52.5
 dystric 0.2–0.4 76.5 46.2
 Planosols 0.4–0.6 77.1 24.3
 (5) 0.6–0.8 89.1 31.2
  0.8–1.4 56.8 32.0
  0.0–0.2 203.6 140.4
 Eutric 0.2–0.4 130.0 134.6
 Cambisols 0.4–0.6 166.1 144.7
 (10) 0.6–0.8 239.8 173.7
  0.8–1.4 131.0 83.2
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introduction
acetochlor (2-chloro-N-(ethoxymethyl)-N-(2-ethyl-6-

methylfenyl)acetamide) is a selective systematic herbicide 
used in the production of maize, soybean and other crops1. 
ability to predict its mobility in the environment is of major 
importance as US EPA has classified acetochlor as a probable 
human carcinogen2.

The aim of this study was to investigate the sorption and 
desorption of acetochlor in various types of natural sorbents 
(soils, bottom and river sediments). The attention was paid to 
the effect of soil/sediment properties on acetochlor sorption 
and desorption.

experimental
C h e m i c a l s  a n d  S o r b e n t s

Experiments were conducted with analytical grade ace-
tochlor (purchased from Sigma aldrich Kft.), a relatively 
non-polar compound (logKow = 2.5) with water solubility 
223 mg dm–3at 20 °C1.

Eight surface soils (denoted as a1–8) were collected 
from cultivated sites in Slovakia. moreover, one soil col-
lected from C horizon at the depth of 2 m (SS), three bottom 
sediments (BS1–3), and two river sediments (rS1–2) were 
used. Basic properties of the soils and sediments studied are 
shown in Table i.

S o r p t i o n / d e s o r p t i o n  E x p e r i m e n t s
Sorption experiments were conducted using a batch 

equilibration method, with two initial concentrations of ace-
tochlor used (1 and 10 mg dm–3). The acetochlor concentra-
tion in supernatant solutions after equilibration was measured 
using high performance liquid chromatography with ultravio-
let detection (HPLC-Uv) in the national Water reference 
Laboratory for Slovakia (Bratislava). 

desorption experiments followed immediately after 
the sorption experiments with an initial concentration of 
10 mg dm–3.

results
Sorption coefficients for acetochlor are given in Table II. 

ToC was found to be the main soil/sediment property cor-
relating with the extent of acetochlor sorption (r = 0.774; 
P < 0.01). Strong affinity of acetochlor to soil organic matter 
was reported also by other researchers2,3.

The relationship between Kd and total organic carbon 
content was improved after excluding the soil a8 from the 
data set (r = 0.902; P < 0.001). This could be explained by the 
significantly higher clay mineral content (especially smecti-
tes) of this soil as compared with other sorbents. Previous 
studies of the sorption of organic pollutants in soils have 
shown that in soils with the high clay mineral/organic matter 
ratio, the mineral fraction can play an important role in bin-
ding organic compounds such as pesticides4.

The humic/fulvic acid ratio (CHa/CFa) is one of the 
characteristics of the soil organic matter quality5. The results 
of this study showed a positive correlation between the 
Koc and the CHa/CFa ratio (r = 0.578; P < 0.05). Its signifi-

Table i
Properties of soils and sediments used in the study

  ToC [%] CHa/CFa Clay [%] pH (H2o) CaCo3 [%]
 a1 4.59 1.09 11.13 6.93 1.40
 a2 1.92 1.12 15.32 7.99 2.00
 a3 0.89 0.72 22.08 6.76 0.30
 a4 2.49 1.07 9.08 7.86 12.2
 a5 1.21 1.16 5.75 6.32 n.d.
 a6 1.19 1.53 11.00 7.96 2.74
 a7 0.48 0.90 0.60 5.76 0.20
 a8 1.57 1.12 37.20 6.11 n.d.
 SS 0.60 0.95 4.05 8.20 4.10
 rS1 2.46 0.42 2.16 7.17 0.30
 rS2 3.46 0.87 1.89 7.22 3.60
 BS1 3.05 0.89 6.41 7.56 3.80
 BS2 1.64 1.62 7.85 7.46 2.20
 BS3 6.39 0.78 2.03 6.45 n.d.

Table ii
Sorption coefficients of acetochlor (Kd and Koc) and percen-
tage of acetochlor desorbed (Pdes)

 initial concentration initial concentration
 C0 = 1 mg dm–3 C0 = 10 mg dm–3

  Kd Koc Kd Koc Pdes
  [dm3 kg–1] [dm3 kg–1]  [dm3 kg–1]  [dm3 kg–1] [%]
 a1 7.108 155 5.871 128 12.0
 a2 3.248 169 2.537 132 27.9
 a3 1.358 152 1.036 116 37.5
 a4 3.406 137 2.635 106 19.1
 a5 2.109 174 1.551 128 35.6
 a6 3.344 281 2.999 252 23.0
 a7 1.018 212 0.840 175 34.3
 a8 6.265 399 5.145 328 27.7
 SS 1.062 177 0.918 153 41.0
 rS1 3.463 141 2.579 105 27.0
 rS2 4.218 122 3.353 97 22.5
 BS1 3.020 99 3.081 101 26.4
 BS2 3.854 235 3.378 206 26.2
 BS3 6.577 103 5.491 86 16.0
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cance increased after excluding the soil a8 from the data set 
(r = 0.766; P < 0.01). 

The method of step-down multiple regression analy-
sis was used to determine the soil properties significantly 
contributing to the overall acetochlor sorption. The soil a8 
appeared to have specific sorption properties, thus it wasn’t 
included in the analysis. The analysis yielded the following 
equations:

Kd = 1.043(ToC %) + 1.725(CHa/CFa)–0.777 (1)
r2 = 0.888; n = 12; P < 0.001; SE = 0.67

Kd = 0.891(ToC %) + 1.723(CHa/CFa)–1.011 (2)
r2 = 0.914; n = 12; P < 0.001; SE = 0.497

The equations (1) and (2) were acquired when the 
results obtained at initial acetochlor concentrations of 1 and 
10 mg dm–3 were used, respectively. The Kd of acetochlor 
was found to depend significantly on the total organic carbon 
content of the soil/sediment. The distribution of humus com-
ponents expressed as the CHa/CFa ratio is also a significant 
factor influencing the acetochlor affinity to the sorbents. 

desorption of acetochlor from all soils and sediments 
was less than the amount initially sorbed (Table ii). desorp-
tion extent is significantly (r = –0.81; P < 0.01) influenced by 
total organic carbon content, with greater organic carbon con-
tents reducing the desorption. Significant inverse correlations 
were also found between the humic components (CHa and 

CFa) and Pdes, but no other significant correlations between 
Pdes and soil/sediment properties were observed.

conclusions
organic matter appears to be the main sorbent consti-

tuent responsible for acetochlor retention in soils/sediments, 
with both quantitative and qualitative parameters playing 
important role in its ability to bind acetochlor. The specific 
appearance of the clay-rich soil a8 in whole analysis implies 
that mineral surfaces can also significantly contribute to ace-
tochlor immobilization under favourable conditions.

This work has been supported by VEGA projects No. 
1/4036/07 and No 1/4047/07. We would like to acknowledge 
the Water Research Institute Bratislava.
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introduction
The tendency to improve the water quality in the Czech 

republic is linked with building up new waste water treat-
ment plants (WWTP), what results in growing production of 
sewage sludges. Multi-purpose way for efficient utilization or 
sludge disposal hasn’t existed till now. 

Sewage sludges are very rich in nutrients and organic 
matter. This makes the spreading of this kind of waste on 
land as a fertilizer or an organic soil improver very suitable. 
Unfortunately, the sludge tends to concentrate heavy metals 
and organic compounds present in waste waters. The Sewage 
Sludge directive (86/278/EEC) regulates sludge use in such 
way to prevent harmful effects on soil, vegetation, animals 
and man. in the Czech republic almost one third of sewage 
sludges ends as a waste; this could be hazardeous. in Europe 
hazardous wastes are classified by 14 criteria including 
ecotoxicity (H 14). Environmental ecotoxicology deals with 
the potentially harmful effects of chemicals and wastes on 
organisms. For this purpose various testing organisms and 
various type of bioassays are used. 

The aim of our study was the ecotoxicological testing of 
sewage sludges from different waste water treatment plants 
by selected ecotoxicity tests with respect to their intended 
use. We used following organisms: crustacea Daphnia magna 
and Thamnocephalus platyurus and seeds of terrestrial plant 
Sinapis alba. The values of 24h-LC50 and 48h-LC50 obtai-
ned for Thamnocephalus platyurus and Daphnia magna and 
72h-iC50 values gained for Sinapis alba are the basic data for 
the ecotoxicological assessment of the sewage sludges and 
for their classification following the Czech legislation1,2.

experimental
Samples of sewage sludges from high-capacity munici-

pal WWTP, situated in Brno, Modřice and from small WWTP 
in veterinary and Pharmaceutical University Brno were 
evaluated. From WWTP Brno, Modřice following sewage 
sludges were tested:

anaerobic stabilized sewage sludges (aS)
dewatered anaerobic stabilized sewage sludges 
(dWaS)
dessicated anaerobic stabilized sewage sludges (dSaS)

From local WWTP in veterinary and Pharmaceutical 
University Brno primary sludges were tested (PS).

•
•

•

S a m p l e s  P r e p a r a t i o n
all samples were collected in pure plastic bottle and untill 

testing stored in the dark at 4 °C for less than four days prior 
the bioassay experiment. Samples were dried at temperature 
105 ± 5 °C and sludge dry residue was determinated gravi-
metrically. Two types of water leaches were prepared from 
studied sewage sludges. The first batch of samples was pre-
pared in accordance with Czech legislation; the samples were 
mixed in ratio 1 : 10 (sludge dry residue: deionised water). 
The second one was diluted with deionised water to have 
the same dry matter content as anaerobic stabilized sewage 
sludges from WWTP Modřice (3.89 %). Sample tubes filled 
with defined quantity of sample and water were shaken at 
5–10 rpm (revolutions per minute) for 24 hour at temperature 
15–25 °C. after centrifugation the leaches supernatants were 
removed and filtered using paper filter (5 μm). To assure sui-
table surroundings for each testing organism the supernatants 
were enriched by adding specific amounts of salts following 
oECd Guidelines3,4.

P r i n c i p l e  o f  E c o t o x i c o l o g i c a l 
T e s t s

The general principle of ecotoxicological tests is the 
determination of effective concentration (EC50), eventu-
ally lethal concentration (LC50) or inhibition concentration 
(iC50). These concentrations of tested compound (substance, 
sewage water or leaches of sewage sludges) cause the morta-
lity of 50 % of testing organisms or 50% inhibition of growth 
rate in relation to control tests. The organisms are exposed 
to the test substance for a period of 24, 48, and 72 hours in 
agreement with requirements of a given test. At least five 
test concentrations should be used. a stepwise procedure 
involves three steps: the preliminary test, the confirmatory 
test and the definitive test. The confirmatory test confirms or 
disconfirms results of limit test. In preliminary test undiluted 
sewage sludges leaches are used. if results of preliminary 
test indicate possible ecotoxicity the definitive test follows. 
The highest concentration in definitive test should preferably 
result in 100% immobilization (mortality or inhibition) and 
the lowest concentration tested should preferably give no 
observable effect.

a p p l i c a t i o n  o f  E c o t o x i c i t y  T e s t s 
f o r  S e w a g e  S l u d g e s  E v a l u a t i o n

Testing organisms (daphnia magna, Thamnocephalus 
platyurus, Sinapis alba.) were used in preliminary test with 
raw water sewage leaches (WSL) and in definitive tests with 
various testing concentrations of WSL; 50, 100, 200, 500, 
700 ml dm–3. Under the same conditions tests with cont-
rol group of the same organisms in standard freshwater but 
without WSL were conducted. 

The daphtoxkit FTm makes use of the dormant eggs 
of the crustaceans daphnia magna, which are protected by 
chitinous capsule called ephippium. Ephipia can be stored 
for long time without losing their viability. When the testing 
organisms are needed it is necessary to put chitinous capsule 
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into specific environmental conditions and during period of 
about 3 days testing organisms are ready for use. daphnids 
aged less than 24 were exposed to the sewage leaching at 
a range of concentrations 50, 100, 200, 500, 700 ml dm–3 in 
definitive tests for a period of 24 and 48 hours at 20–22 °C 
and light intensity of 6,000 lux. immobilization was recorded 
at 24 hours and 48 hours and compared with control values. 
The results were analyzed in order to calculate the EC50 at 24 
and 48 h. determination of the EC50 at 24 h is optional. 

The Thamnotoxkit FTm uses the testing organism Tham-
nocephalus platyurus, aged less than 24 hours. The exposition 
was 24 h at a range of the same concentrations at 20–22 °C 
and 4,000 lux. The obtained results were analysed and the 
values LC50 at 24 h were calculated. Two above mentioned 
tests are alternative tests, whilst the test on Sinapis alba repre-
sents standard phytotoxicity test. This root growth inhibition 
toxicity test was used as a standard OECD test. The high qua-
lity seeds of Sinapis alba were exposed for 78 hours to tested 
solution, at temperature 20 ± 2 °C in the dark. after 78 hours 
the lengths of hypocotyls of seeds in tested and in control 
group were measured and values of iC50 were evaluated. 
For a validation of test it is necessary to apply the following 
performance criteria; daphnotoxkit FTm and Thamnotoxkit 
FTm – number of dead and immobile organisms should not 
exceeded 10 % in control. in root growth inhibition toxicity 
test germinability should be more than 90 %.

results
on the base of the analysis of obtained ecotoxicologi-

cal data the values of EC50, LC50 and iC50 were evaluated 
for various samples of sewage sludges. These values made 
possible the evaluation of sludges ecotoxicity and also facili-
tated their categorization from the point of view of the leacha-

bility. Table i summarizes values of 24h-EC50 or 24h-LC50 
for the most sensitive testing organisms, which form the basis 
for evaluation and categorization of sewage sludges.

conclusions
different sewage sludges were tested in respect to their 

possible hazardous characteristic - ecotoxicity. on the bases 
of obtained results sewage sludges were classified in term 
of their leachability. no sample of sewage sludge exhibit 
ecotoxicity following the Czech legislation.

This work has been supported by grant COST, action 
636, project No. OC-183.
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Table i
The ecotoxicity of sewage sludges and their classification

 Sewages 24h-EC50 or Class of
 sludges 24h-LC50 leachability  [ml dm–3]
 aS 22.81 iii
 dWaS 39.57 ii
 dSaS 139.64 iii
 PS 38.17 iii

Fig. 1. Comparison of ecotoxicity of tested sewage sludges us‑
ing	testing	organisms	Thamnocephalus platyurus
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introduction
microwave heating has been used in several studies of 

the coal desulfurization. desulphurization by microwaves is 
closely related to the form of sulphur compound in the coal, 
the physical and chemical structure, as well as the chemical 
activity of the leachant. The ability of molten naoH to desul-
furize the coal has been known for more than three decades. 
The process known as molten caustic leaching (mCL) was 
tested for the first time in the USA. The objective was the 
removing of the mineral components, pyritic and organic sul-
fur by the reaction of coal with a mixture of molten sodium 
and potassium hydroxides. The mCL process was effectively 
applied for the treatment of the Slovak brown coal1. Balaz 
et al. reported the use of simultaneous grinding and alkaline 
chemical leaching process (GaCL) on brown coal and found 
that more than 41 % of total sulphur reduction was achie-
ved.

magnetic methods of mineral removal from coal depend 
on the difference in the magnetic moment associated with 
mineral particles and coal. The microwave heating enhances 
the magnetic susceptibility of the iron mineral, thus rendering 
it more amenable to the magnetic separation. The effect of 
microwave heating on magnetic processing of the pyrite was 
investigated2, where different size fractions of the pyrite 
were heated in a microwave oven at 2.45 gHz frequency 
and different power levels. ability of coal desulfurization by 
magnetic separation following microwave heating was also 
investigated3. The microwaves were found as an effective 
method to selective heating of pyrite in the coal causing the 
formation of pyrrhotite. it was stated that pyrrhotite could be 
removed by low-intensity magnetic separation.4–6

experimental
C o a l  S a m p l e  C h a r a c t e r i z a t i o n

In this study, five different coal samples were used.	They 
were ground to less than 3 mm and the representative sam-
ples were prepared. The results of analyses of the total sul-
phur content are listed in Table i.

m i c r o w a v e  a n d  C l a s s i c a l  H e a t i n g
The microwave heating of investigated coal samples 

was realized in the microwave oven Whirlpool avm 434 
and Panasonic nn 5251 B	with maximum power of 900 W, 
adjusted for the laboratory purposes for continuos tempera-
ture measuring of heated material. The temperature was mea-
sured using the contactless thermometer raynger mX4 in the 
range 30–900 °C. The classical heating of coal in the mufle 
oven was realized as well.

m a g n e t i c  S e p a r a t i o n
The magnetic separation of the coal samples was carried 

out by means of a roll-type electromagnetic separator mecha-
nobr, type 138 T-SEm, intended for dry separation.

m i c r o w a v e  r a d i a t i o n  a n d  m o l t e n 
C a u s t i c  L e a c h i n g  –  r m C L

a mixture of 15 g coal + 15 g naoH + 10 ml H2o was 
used as an input to microwave oven operating in nitrogen 
atmosphere. microwave desulphurizastion of coal was reali-
sed according to the Scheme 1.

results
m a g n e t i c  S e p a r a t i o n  o f  C o a l

Coal sample of the grain size 0.05–0.2 mm was heated 
before magnetic separation in the microwave oven for 
10 minutes at the power 900 W and frequency 2.45 gHz. The 
results of the magnetic separation after microwave radiation 
are listed in Table ii.

The magnetic separation of the coal sample was inef-
fective for our conditions.

T h e  m o l t e n  C a u s t i c  L e a c h i n g  o f 
C o a l

effect	of	ratio	of	naoh	and	coal
The effect of ratio of naOH and coal from the Cígeľ 

locality after the microwave radiation (2.5 minutes) on redu-
ction of the total sulphur content is displayed in Fig. 1.

Table i
Total sulphur content in the coal samples

 Locality Grain size [mm] Stot [%]
 Handlová (Sr) –3 1.5
 nováky (Sr) –3 3.0
 Cígeľ (SR) –3 2.27
  1–3 5.35
 Sokolov (Cr) 0.07–0.5 6.85
  –0.07 7.52
  1–3 0.5
  0.5–1 0.5
 donbas (r) 0.2–0.5 0.49
  0.07–0.2 0.53
  –0.07 0.52

Scheme 1
The rmCL (radiation and molten Caustic Leaching) 

desulphurization of coal
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From the obtained results, it is possible to state, that 
80 % of the total sulphur content is possible to remove by 
ratio of naoH : coal = 3 : 1.

effect	of	reaction	time
The time dependence of microwave heating on decrease 

of the total sulphur content in coal from the Cígeľ locality 
by ratio of naoH : coal = 1 : 1 is displayed in Fig. 2. The sul-
fur removal increased to 76 % within 5 minutes and reached 
85 % at 10 minutes, but after 10 minutes, the change was not 
significant.

The total sulphur content decreased from 2.27 % to 1.0 % 
(56 %) in the mufle oven at the temperature 380 °C (within 
reaction time 40 minutes). The main difference between the 

thermal and microwave heating was the extremely short time 
for desulphurization in the case of microwave experiments.

effect	of	the	coal	deposits
The dependence of sulphur content in the coal samples 

from the localities Cígeľ, Handlová, nováky in RMCL pro-
ces is displayed in Fig. 3. The conditions of the microwave 
heating were following: temperature 380–400 °C, time 3 
minutes, the ratio of naoH : coal = 1 : 1.

it can be seen, that the effect of microwave pretreat-
ment on reduction of the total sulfur content in samples from 
nováky and Cígeľ (52–56 %) is higher than in sample from 
Handlová (28 %).

effect	of	the	particle	size
The influence of particle size on chemical desulfuriza-

tion process was also studied. The representative samples 
were divided in fractions of 1–3, 0.5–1, 0.07–0.5, < 0.07 mm 
and microwave heating of samples from donbas (500 W and 
6 minutes) and Sokolov (750 W and 3 minutes) was realized. 
The results are given in Figs. 4. and 5. 

The decrease about 25 % of the total sulphur content 
was in the sample from Sokolov eminent. The influence of 
graine size was negligible.

The decrease about 35 % of the total sulphur content in 
black coal from donbas locality for graine size 1–3 mm was 
observed.

Fig. 1. The influence of ratio of naoH and coal on the total 
sulphur content in coal sample (Cígeľ) after rMCl process, so-
content	of	sulphur	basic	sample

Table ii
The results of coal magnetic separation after the microwave 
radiation

 Grain magnetic mass yield of recovery of
 size induction magnetic Spyr in mag.
 [mm] [T] product [%] prod. [%]
  0.13 4.32 39.6
  0.24 4.72 43.2
 0.05–0.2 0.42 10.80 44.7
  0.51 11.54 45.5

Fig. 2.	 the	change	of	total	sulphur	content	of	the	coal	samples	
with time

Fig. 3. rMCl for coal samples from Handlová, nováky, Cígeľ

Fig. 4.	 the	decrease	of	the	total	sulphur	content	in	sample	from	
Sokolov	versus	different	size	fraction	in	rmcl	process
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conclusions
microwave heating of the coal is advantageous for the 

subsequent desulphurization. Conventional procedure of 
coal desulphurization requires heating period about 40 minu-
tes and microwave procedures reduces this heating period 

for a few minutes. The use of microwave radiation for the 
desulphurisation of coal displays potential and may be soon a 
commercial reality. This would allow the use of high sulphur 
coals in an environmentally and economically sound way.

This work was supported by the Slovak Research and 
Development Agency under the contract No. APVV-51-
035505.
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introduction
The coal research brings novel opportunities for non-

fuel utilization. one of the promising ways is extraction and 
isolation of organic compounds (diterpenes, humic acids) 
with potential biological activity. The Slovak coals (nováky 
lignite and Handlová brown coal) contain high amounts of 
tetracyclic diterpene hydrocarbons1,2, which can be valuable 
precursors for pharmaceutical products. Kauranes and phyl-
locladanes are important diastereoisomeric tetracyclic diter-
pene biomarkers. Tetracyclic diterpene derivates isolated 
from plants show a strong biological activity and they are 
active components of many plant medicaments and extracts 
used in folk medicine. Kauranes exhibit an anti-microbial, 
anti-HIV, anti-inflamatory, anti-fertility, antiparasitic, insect 
anti-feedant, antifungal and cytotoxic activities3. Phylloc-
ladanes are very rare in the nature; nevertheless, they were 
also identified and isolated from several plants. Orizaterpenol 
(phylloklad-15-en-6β,14βdiol) from the rice hull of Oryza 
sativa shows cytotoxicity against murine leukemia cells4. 
The use of phyllocladane diterpenoids for plant growth pro-
motion and/or retardation is already patented5.

The biological activity of tetracyclic diterpenoids iso-
lated from the geological samples has not been studied yet, 
therefore the main goal of our work was to isolate tetracyc-
lic diterpane from the coal and test its biological activity in 
vitro.

experimental
I s o l a t i o n  o f  1 6 α ( h ) - P h y l l o c l a d a n e 
f r o m  S l o v a k  B r o w n  C o a l

The brown coal (50 kg) was collected in several places 
of the Handlová mining area (Fig. 1.) and a representative 
sample was obtained by quartation.

Before the extraction; the Slovak brown coal from Han-
dlová was physically treated on hydrocyclone7 to obtain 
quality carbon product with Ad (ash content) = 7.70 % wt., 
Wa (moisture) = 12.26 % wt., Cd = 61.6 %, Hd = 5.6 %, 
nd = 0.7 %, Sd = 1.2 %, od = 23.2 %. Further, the coal (20 g) 

was extracted with dichloromethane (250 ml) in microwave 
oven (Wirlpool avm 434, 500 W, 2.45 GHz) in distilling 
flask with reversing reflux system (20 min). After the extrac-
tion, the mixture was filtered and the solvent was evaporated. 
The crude extract (367 mg) was re-extracted on SPE column 
(Chromabond SioH, macharey – nagel GmbH + Co. KG) 
with n-hexane (100 ml). The solvent was evaporated and 
the purified SPE extract (112 mg) was further separated by 
column chromatography on silica gel (5 g of Kieselgel 60, 
granularity 0.06 – 0.2 mm, Carl roth GmbH + Co. KG) with 
4 × 20 ml of hexane to four fractions denominated as F1–F4. 
All fractions were analyzed by TLC and gC/MS. 16α(H)-
phyllocladane was found in the F1 fraction. TLC analysis 
of F1 showed presence of a single spot with rF = 0.91, that 
contained three compounds: the most abundant component 
(81.6 %) was 16α(H)-phyllocladane; second one was iso-
pimarane (11.2 %) and finally 18-norisopimarane (3.9 %). 
Unambiguous identification as 16α(H)-phyllocladane was 
achieved by coinjection of the sample and standards in the 
laboratory of Prof. Bernd Simoneit (oregon State University, 
USA). The final isolate (36.7 mg) named as TD1 containing 
81.6 % of 16α(H)-phyllocladane was used for further biolo-
gical tests.

B a c t e r i a l  S t r a i n s
all tested Gram+ and Gram– bacteria (Enterococcus spp., 

β-hemolytic streptococci, Staphylococcus aureus CCm 3953, 
S. aureus Sa5, Listeria innocua LmG 13568 Enterobacter 
cloacae 5139, 19259, 4417, Klebsiella pneumoniae 1962, 
12506, 5182, 1366, Serratia marcescens 19194, Salmonella 
enterica serovar duesseldorf Sa31, S. enterica ser. Enteriti-
dis PT4, Shewanella putrefaciens, E. coli K88, E. coli 6295, 
5765) were of human or veterinary origin (isolated from the 
various wounds, blood, sputum and faeces). The strains were 
maintained on the appropriate selective media according to 
iSo. 

Fig. 1. The situation map of Handlová-nováky coal basin with 
Handlová mining area in central part of slovakia (adapted from 
ref.6)
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S p o t  T e s t
The antimicrobial activity was determined by the diff-

usion agar spot test8. For the testing, Td1 was dissolved 
in n-hexane and the various concentration ranges of Td1 
(600 mg ml–1; 300 mg ml–1; 150 mg ml–1; 75 mg ml–1) and 
several volume doses were used; 5 μl is optimal dosage to 
test on solid agar containing the indicator strain. The solvent 
n-hexane was used as a control. after 24 hours of incubation 
at 37 °C, the inhibitory zones were evaluated. miCs (mini-
mal inhibitory concentrations) were expressed as the lowest 
concentration of Td1 inhibiting the growth of the indicator 
bacteria (mg ml–1).

C e l l  L i n e
The human hepatoma cell line HepG2 was generously 

provided by Prof. andrew r. Collins (University of oslo, 
norway). HepG2 cells were maintained in William´s modi-
fied medium supplemented with 10% fetal calf serum and 
antibiotics (penicillin 200 U ml–1, streptomycin and kanamy-
cin 100 µg ml–1) at 37 ºC in humidified 5% CO2 atmosphere.

C e l l  T r e a t m e n t
Hep g2 cells were grown for 48 h until semi-confluency, 

prior to exposition to Td1 and positive control. Td1 was dis-
solved in ethanol at 40 ºC freshly before use and added to cul-
ture medium to reach the final concentrations ranging from 
0.045 to 0.5 mg ml–1 for 24 hours. The concentration of the 
solvent never exceeded 0.1 %. Control cells were exposed 
to 0.1% ethanol. Cells were exposed to hydrogen peroxide 
(150 µM), the positive control, on ice in dark for 5 minutes.

S i n g l e  C e l l  G e l  E l e c t r o p h o r e s i s 
( S C G E )

The procedure of Singh et al.9, modified by Collins et 
al.10 and Slameňová et al.11 was followed. The data were eva-
luated statistically by the Student’s t-test.

results	and	Discussion
The details of isolation and structure elucidation of 

16α(H)-phyllocladane (Fig. 2.) was published previously2,12.

a n t i m i c r o b i a l  a c t i v i t y
Td1 inhibited the growth of 3 Gram– bacteria (Kl. pne-

umoniae 5182, 1366; E. coli 5765) among 19 tested strains. 
miC value for these strains is 300 mg ml–1. others tested bac-
teria were not sensitive to Td1. The antibacterial activity of 

tetracyclic diterpene (ent-kauren-19-oic acid) was detected 
particularly against Gram+ bacteria13. in our case, this is the 
primary and first unique result associated with inhibitory acti-
vity of phyllocladane against Gram-, pathogenic bacteria such 
as Klebsiella spp. it is necessary to note that for the further 
practical usage, the selectivity of the potential pharmaceuti-
cal compound is one of the principal conditions.

G e n o t o x i c i t y
Based on previous cytotoxicity experiments (data not 

shown), the genotoxic activity of Td1 was evaluated at con-
centrations 0.045–0.5 mg ml–1 (Fig. 3.). in general, only a 
weak cytotoxicity (~ 20%) was determined at these highest 
concentrations.

a linear dose dependent increase of dna migration was 
detected in Td1-exposed cells (r2 = 0.8732). a mild but sta-
tistically significant increase of DnA damage was found at 
concentrations 0.25–0.5 mg ml–1 (p < 0.05–0.01). There are 
limited data concerning the toxicity of phyllocladane-type 
diterpenes. recently, Chung et al.4 reported a strong cytotoxi-
city of orizaterpenol in P388cells.

conclusions
Biological activity of TD1 (containing 81.4 % of 16α(H)-

phyllocladane) from Handlová brown coal was assayed in 
vitro using pathogenic bacteria and the human hepatoma cell 
line HepG2. The selective antimicrobial effect against Gram- 
strains of Kl. pneumoniae 5182, 1366, E. coli 5765 was deter-
mined with miC up to 300 mg ml–1. in addition, Td1 induced 
dna damage in human tumor cell line HepG2 without strong 
cytotoxicity. Further search for biological active compounds 
from Slovak coal and others biological tests will be carried 
out.

This work was supported by the Slovak Research and 
Development Agency under the contracts APVV-51-035505; 

Fig. 2. The structure of 16α(H)-phyllocladane

Fig. 3.	 the	 level	 of	 Dna	 damage	 induced	 by	tD1	 in	 hepg2	
cells. Cells were exposed to various concentrations of Td1 for 
24	 hours.	 ‡	 –	 positive	 control	 –	 h2o2 (0.15 mM). significantly 
different	 from	 control	 cells	 determined	 by	 Student’s	 t‑test,	 *	
p	<	0.05,	**p	<	0.01	and	***p	<	0.001
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introduction
the fresh grape must consists of spontaneous microf-

lora formed from 90 to 99 % by yeasts. the most important 
genus is without doubt Saccharomyces cerevisiae which is 
responsible for successive fermentation and good wine qua-
lity. recently the contribution of non-Saccharomyces yeasts 
have been widely discussed as there is not definitive opinion 
on their contribution to the wine quality, especially aroma. 
Hanseniaspora osmophila and Kloeckera apiculata should 
be considered detrimental yeast species, by higher acetic 
acid, acetaldehyde, ethyl acetate and acetoin production1. to 
avoid spoilage it is recommended to inoculate the grape must 
by Saccharomyces cerevisiae immediately after pressing. 
on the other hand, the apiculate non-Saccharomyces yeast 
is a natural indigenous microflora which contributes to the 
wine origin. thus the question wheather to allow the apicu-
late microflora to start fermentation or not has not yet been 
solved.

the aim of this study work was to determine the aroma 
profile of isolated non-Sacaharomyces yeast from the che-
mical as well as the sensorial viewpoints. the yeasts of 
the genera Rhodotorula, Sporobolomyces, Pichia, Hanse-
nula, Issat-chenkia, and Torulospora, were tested from the 
viewpoint of their contribution to the wine aroma. the results 
were than exploited and tested in the real wine-making pro-
cess.

experimental
Following yeast strains were isolated from the grape 

must and degraded products: Rhodotorula mucilaginosa 
(2 strains), Sporobolomyces pararoseus, Pichia membra-
nefaciens, Pichia anomala (2 strains), Candida intermedi-
ata, Torulospora delbruecki, and Issatchenkia orientalis. For 
comparison 3 Saccharomyces cerevisiae strains were also 
used. two of them were isolated from the grape must, the 
third was a commercial one (Lallemand).

consequently the isolated yeast strains were inoculated 
to the first cultivation medium: the sterile grape must had  
 

been femented for 10 days at 10 °c under semiaerobic condi-
tions or 4–6 weeks at 10 °c under anaerobic conditions.

Second cultivation medium: the sterile vinea drinks 
were inoculated by studied yeast strains and cultuivated at 
20 °c for 10 days under semiaerobic conditions. 

the samples were than sensorially evaluated by a group 
of degustators. the same samples were than analysed by gas 
chromatography for the aroma compounds production. each 
sample was analysed on the Gc MS (Shimadzu QP 2010) 
equipment and also on the Gc FiD equipment (Gc 8000 ce 
instruments). 

two methods of sample preparation were done: 
the samples (20 ml) were extracted by ether (2 ml), and 

centrifuged prior to analysis. the etheric extract was used for 
analysis (liquid – liquid extraction). this method was used 
for higher alcohols (propanol, isoamylacohol, ethyl ester and 
higher alcoholos esters) determination

the samples were extracted by tenaq (solid phase mic-
roextraction) and than 10 min sampling according to6. this 
method was used for monoterpenic compounds determina-
tion.the same column and the same conditions were used by 
both analysis: column: DB WaX 30 m, 0.25 × 0.25, tempe-
rature programme: 30 °c, hold 2 min, increase by 4 °c min–1 
up to 230 °c, hold 10 min, 1 ml of sample was injected to 
injection port at 200 °c, detector temperature 220 °c, carrier 
gas: helium, injektion mode: split 1 : 100, flow control mode: 
pressure 70 kPa

results
after inoculation and fermentation of the grape must and 

vinea drink the number of aroma compounds increased sig-
nificantly, in both cases and more than 60 compounds were 
found. Most of them were recognized as typical fermentation 
products, etc. ethanol, izoamylacohol, propanol, etylester of 
caproic, caprylic and caprinic acids, ethylacetate, isovaleric 
acid, pentylacetate, 2,3-butandiol, furfural, 3-hydroxybu-
tyrate, methionon, 1,4-butandiol. 2-metyl a 3-metylbutanoic 
acid, 2-phenyletylacetate, izoamylacetate, cis 3-hexenylace-
tate, etylbenzoate, α-terpineol, etyl isobutyrate, etyl butyrate, 
etyl 2-metylbutyrate, etyl isovalerate, isoamyl acetate, ethyl 
hexanoate, cis-3-hexenol, ethyl octanoate, furfural, linalool, 
ethyl furoate, ethyl decanoate, ethyl benzoate, α-terpineol, 
fenylethyl acetate, and geraniol. the increased production of 
typicall glycolysis products were also confirmed by several 
authors2,3,4. ethyl propionate and propyl acetate, characteri-
zed the sample of the grape must fermented by Kloeckera 
apiculata, and 2-propanol and 2-hexanone characterized the 
sample of the grape must fermented by Pichia membranefa-
ciens2. rojas3 studied analysis of non-Saccharomyces yeast 
fermentation products and found higher acetate content, espe-
cially 2-phenylacetate and isoamylacetate for Pichia yeasts. 
albertazzi4 also described higher levels of phenylacetate by 
other yeast - Pichia pastoris and Kloeckera saturnus (700–
1700 mg dm–3). From our results we can confirm incereased 
ester production by all studied microorganisms, especially 
increased content of ethyl acetate.
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however, we have found that some microorganisms 
produced special compounds, which were not recognised 
by other yeasts. after the fermentation of the grape must 
by R. mucilaginosa and Sp. pararoseus, aroma compounds 
significantly increased. acetate, hexanal, heptanal, octanal, 
cyclopentanone, thiazole, decalactone, propyl-3-dimethyl 
aminopropyl, nonanone, heptanon, and butanediol were 
formed. P. anomala produced especially isoamyl benzyl 
ether. the medium fermented by Sporobolomyces was rich in 
sabinylacetate, 3,4-hexandion and eicosane. R. mucilaginosa 
generated cyklopentanol and, α-cyklogeraniol. S. cerevisiae 
produced vericaldehyd and γ-nonalakton.

We have found out that yeasts of the genera Pichia, Rho-
dotorula, and Sporobolomyces did not produce the linalool 
acetate, contrary to S. cerevisiae.

the differences in the compound production within 
the same yeast species were also observed. S. cerevisiae 
strain 8 produced caproic aldehdyd, trans-pinocamphon, 
dodecanal, 5-methyl-3-heptanon, izo-menthylacetate, con-
trary to S. cerevisiae strain 5 which did not produce any of 
these compounds. R. mucilaginosa strain 11 produced higher 
amounts of 2,3-butandiol, but did not produce any izopen-

tylformiate and 3,4-hexandion. these compounds produced 
strain Rhodotorula mucilaginosa strain 3.

one of the most important factors in wine proofing is the 
sensorial evaluation of wine aroma. it is very difficult to esti-
mate which from all above mentioned compounds will prevail 
over the other ones and wheather the wine could give positive 
or negative impression. it is due to the complexity of wine aro-
mas, the heterogenity of perception and recognition thresholds 
for each one compound as well as many interactions occuring 
within and after fermentation5.

as shown in table ii, under anaerobic conditions only 
T. delbruecki from apiculate microflora developed a pleasant 
aroma. all the other yeast strains evolved unpleasant, smelly 
aroma. however, the situation was radically changed when the 
fermentation occured under semi-aerobic conditions. Torulo-
spora delbruecki produced the pleasant aroma, exactly defined 
as vanilla. also both strains of P. anomala, Pichia membranefa-
ciens, Sp. pararoseus and one strain of R. mucilaginosa evo-
ked very pleasant aroma, some of them with honey notes, 
some of them fruity or increased fermetative impression.

the results of better sensorial evaluation under semi-
aerobic conditions were subsequently tested by real wine-
making fermentation. the problem which usually occurs in 
real process is that the present microfloras consists of several 
yeast genera which can possitively or negatively contribute 
to the wine quality.

the group of degustators confirmed that the wines were 
better evaluated when they were fermented under semiaerobic 
conditions, with the inocoluation by S. cerevisae not directly 
after fermentation, but several hours after grape pressing. the 
main advantage of this system is its ability to improve the origi-
nality of the wine.

Conclusions
We have found compounds which were typically produ-

ced by some non-Saccharomyces yeast strains – cyklopen-
tanol, alfacyklogeraniol for R. mucilaginosa, sabinylacetate, 
for Sp. pararoseus, and izoamylbenzylether for P. anomala.

table i
aroma compounds typically produced by various yeast spe-
cies and flavoural characterisation of founded compounds

 Yeast strain compound Flavour fragrance
 

R. mucilaginosa
 cyklopentanol, mint aroma

  alfacyklogeraniol spice flavour
   carnation odour
 Pichia anomala izoamyacetat banana flavour
 Sp. pararoseus sabinylacetate fruity aroma
 S. cerevisiae valericaldehyd, coffee aroma
  γ-nonalakton coconut odour

table ii
Sensorial evaluation of fermented grape must by various 
yeast strains, + positive impression, – negative impression

  anaerobic semiaerobic
  conditions conditions
 Yeast strain aroma perc. aroma perc.
 C.intermediata yeast + acidic –
 R.mucilaginosa 3 socks smelly – acethone –
 T.delbruecki pleasant + vanilla +
 I.orientalis autolyses – acethone –
 Pichia anomala acethone – lime +
 P.membranefaciens autolyses – yeasty +
 R. mucilaginosa 11 autolyses – honey +
 Pichia anomala acethone – honey +
 Sp. pararoseus not recognised – yeasty +
 S.cerevisiae 5 acidic – ferment +
 S.cerevisiae 8 fruity + ferment +
 S.cerevisiae 16 honey + ferment +

table iii
evaluation of vinea fermented under semiaerobic conditions

 semiaerobic conditions
 vinea
 Yeast strain 20 °c
  aroma Percept
 C. intermediata acidic +
 R. mucilaginosa 3 acethone +
 T. delbruecki yeasty +
 S. cerevisiae 5 yeastly +
 I. orientalis grape must +
 S. cerevisiae 8 honey +
 P. membranofaciens vinea –
 R. mucilaginosa 11 acethone +
 P. anomala honey +
 Sp. pararoseus acethone +
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We can confirm that under anaerobic conditions, most 
of the apiculate microflora, except T. delbruecki, negatively 
affected wine aroma because they produced higher amounts 
of aldehydes – pentanal, hexanal, heptanal, 3,4-hexanedione, 
eicosene which caused the buttery and waxy odour.

however under semiaerobic conditions apiculate yeast 
species promoted positive aroma perception in products. 
Torulospora and Pichia yeast strains increased the fruit and/
or coconut aroma by higher production of sabinyl res. isoa-
mylacetate.

Semiaerobic conditions applied several hours prior 
inoculating by S. cerevisiae improve sensorial evaluation 
of wine and increase the support of originality and variety  
typicity.

however, the fermentation under such conditions is still 
very hazardous because oxidative defects or microbiological 
defaults of wine could occured.
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introduction
thermal treatment of foods is a common way for im-

provement of digestibility, safety, quality and sensory prop-
erties of many foods which is used for ages. Besides unam-
biguous desirable aspects of this treatment some detrimental 
effects are still emerging e.g. a loss of nutrition-worthy com-
pounds and an undesirable generation of contaminants.

in 2002, Swedish researchers have first reported the 
formation of acrylamide in foods processed at elevated tem-
peratures1. recent assessment by the joint Fao/Who expert 
committee on Food additives (jecFa) in 20052 confirmed 
that a risk cannot be excluded for dietary intake of acryla-
mide because it is classified as a probable human carcinogen 
by the international agency for research on cancer (iarc)3. 
in that assessment jecFa concluded that the margin of expo-
sure for average and high consumers were low for compound 
that is genotoxic and carcinogenic and that this may indicate 
a human health concern. therefore the commission recom-
mendation since 2007 announced that “appropriate efforts 
to reduce acrylamide concentrations in foodstuffs should 
continue”4. Moreover, with respect to the last observations 
confirming the association between acrylamide intake and 
endometrial, ovarian5, and breast6 cancer risk, the concern on 
the acrylamide mitigation activity is very urgent.

occurrence	of	acrylamide	in	thermally	treated	Foods
after the discovery of acrylamide, a lot of studies con-

firmed the presence of acrylamide in nearly all fried, baked 
and roasted foods. acrylamide exposure varies depending 
upon the population´s eating habits and the way the foods 
are processed and prepared. Generally, fried potato products, 
ready-to-eat breakfast cereals, baked goods and roasted cof-
fee are the most important food categories that contribute 
most to acrylamide exposure. an average long-term expo-
sure of acrylamide was estimated of 0.3 to 0.8 μg (kg body  
weight) –1 day–1 on the base of the few data which were avail-
able at the Fao/Who consultation in 20027. Based on the 
reported data, the committee jecFa in 20052 noted that 
children may have intakes of acrylamide around two or three 
times higher those of adult consumers when expressed on a 
body weight basis. it is expected that children and adolescents 
have consumption patterns different from adults. Most of the 
types of foods in which acrylamide was detected are popular 
among children and adolescents, such as French fries, snacks, 
biscuits and breads. Moreover, they have a lower average 
body weight and, consequently, a higher average food intake 
per kilogram body weight than adults. For that, acrylamide 
intake by these individuals is considered a concern.

M e c h a n i s m  o f  a c r y l a m i d e 
F o r m a t i o n

initial results on acrylamide content indicated carbo-
hydrate-rich foods to generate relatively more acrylamide1. 
Several researchers have established that the main pathway 
of acrylamide formation in foods is linked to the Maillard 
reaction and, in particular, the amino acid asparagine8,9. the 
link of acrylamide to asparagine, which directly provides the 
backbone of the acrylamide molecule, has been established by 
labelling experiments9,10. Study to date clearly shows that the 
amino acid asparagine is mainly responsible for acrylamide 
formation in heated foods after condensation with reducing 
sugars or a carbonyl source. Moreover, the sugar-asparagine 
adduct, N-glycosylasparagine, generates high amounts of 
acrylamide, suggesting the early Maillard reaction as a major 
source of acrylamide9. in addition, decarboxylated asparag-
ine (3-aminopropionamid), when heated can generate acry-
lamide in the absence of reducing sugars10. a good evidence 
supporting the early Maillard rection as a main reaction path-
way involving early decarboxylation of the Schiff base, rear-
rangement to the resulting amadori product, and subsequent 
beta-elimination to release acrylamide has been presented11.

Factors	affecting	acrylamide	Formation	in	Foods
the resulting acrylamide concentration in foods ul-

timately depends on both products and process variables. 
acrylamide formation requires the amino acid asparagine 
and a carbonyl compound as the Maillard reaction precursors. 
the concentration of acrylamide precursors and temperature 
mainly affect the rate of acrylamide formation. it is a fact that 
formation and degradation of acrylamide occurs in the same 
time during heating at elevated temperatures, it means that 
measured acrylamide content of a food is net result of two 
consecutive reactions occurred during thermal processing12.

Based on the current knowledge of the mechanism of 
acrylamide formation, many parameters affecting the level 
of acrylamide in foods were investigated, e.g. heat intake, the 
level and type of saccharides and amino acids, moisture and 
water activity, additives, processing steps etc.13, and conse-
quently various ways of acrylamide minimization in foods 
have been proposed. Many of them are summarized in a “liv-
ing” document “the acrylamide toolbox” published by ex-
perts associated in the confederation of the Food and Drink 
industries of the european union (ciaa)14.

the mitigation approach is divided in two strategies:
Prevention of acrylamide formation through a modi-
fication of food composition (a decline of asparagine 
and reducing saccharides contents), processing conditi-
ons (thermal input, ph, moisture), an addition of com-
pounds suppressing the formation of acrylamide (acids, 
enzymes, proteins, antioxidants etc.) and an enhance-
ment of processing steps (pre-treatment, blanching, fer-
mentation etc.)15.
Facilitation the acrylamide elimination through storage 
conditions or the initialization of acrylamide polymeri-
zation16,17.

•

•
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temperature plays an important role in the formation 
and elimination of acrylamide. it is well known that acry-
lamide forms in foods that are cooked at high temperatures 
(> 120 °c)8,13,18. For shorter heating times as in the frying 
operation of potato chips or strips, lowering the frying tem-
perature may significantly reduce the amount of acrylamide 
formed (Fig. 1.). the same may not be true for longer heat-
ing periods as in the roasting of coffee beans where extend-
ing the operation may result in a decrease in the amount of 
acrylamide persisted in the final product19. they may be a 
critical temperature/time zone where acrylamide is formed at 
a greater rate than it is destroyed, at temperatures outside of 
this zone little acrylamide is present.

the fact that acrylamide is not formed during boiling 
indicates that higher temperatures and/or low moisture con-
ditions are needed for its formation. During heating under 
atmospheric conditions, higher temperatures can be reached 
only if simultaneous drying takes place, which is the case 
in frying, baking and roasting. the loss of water as the food 
dries during heating extracts a large amount of the incoming 
energy, and hence a bulk of the product is at a temperature 
very much lower than that of the heating medium. in this 
respect, temperature, time and moisture are key drivers of 
acrylamide formation in foods during heating (Fig. 2.). the 
moisture content determines the physical state and mobility 
of chemical constituents in food matrix. in addition, water 
alone affects the chemical route and the mechanistic pathway 
for acrylamide formation13.

concerning reducing sugars as carbonyl source, fructose 
has been found more effective than glucose in forming acry-
lamide (Fig. 2.). Both the chemical reactivity of sugars and 
their physical state play an important role in acrylamide for-
mation. the melting point of fructose and glucose are 126 °c 
and 157 °c, respectively13. this explains why fructose is 
more reactive than glucose on acrylamide formation during 
heating. Frying, baking and roasting are simply characterized 
as open processes in which heat and mass transfer occur si-
multaneously. as the moisture reduces due to evaporation, 
sugars initially dissolved in water begin to form a saturated 
solution and then crystallize. after crystallization, melting 

is required to change their state to liquid, so to make them 
chemically reactive. in this respect, reducing sugars having 
a lower melting point is expected to form acrylamide earlier 
during heating.

e n z y m e  t r e a t m e n t  L e a d i n g  t o 
a c r y l a m i d e  r e d u c t i o n

one of the most effective ways to avoid acrylamide for-
mation is removing the precursors, particularly amino acid 
L-asparagine. L-asparaginase as an enzyme of the hydrolases 
group (ec 3.5.1.1.) selectively hydrolyses the amide bond of 
L-asparagine which results in the formation of aspartic acid 
and ammonia. Because the acrylamide formation correlates 
strongly with a free asparagine concentration, the reduc-
tion of L-asparagine in raw materials leads to the reduced 
level of acrylamide in final products20. the safety of as-
paraginase application is guaranteed by approving of GraS 
status of Aspergillus oryzae asparaginase enzyme from  
Novozymes a/S21, and Aspergillus niger asparaginase en-
zyme from DSM22, and a positive evaluation from the jecFa 
in 200723 as well. Moreover, this enzyme is inactivated by 
high temperature in the process of proteolysis.

the application of L-asparaginase solution in a simulated 
potato matrix resulted in 50 to 90 % reduction of acrylamide 
content depending on the conditions (enzyme dose, time and 
temperature of incubation). No significant differences in 
impacts on L-asparagine conversion into L-aspartic acid in 
model samples between bacterial and fungal originated en-
zymes were observed. the positive effect of enzyme on the 
decrease of acrylamide content was confirmed also after L-
asparaginase application on raw potato mash as well as dehy-
drated potato-wheat semi-products (Fig. 3. and Fig. 4.)20.

it is known that each intervention in the technology 
can be accompanied with consequences on the quality and 
sensory properties of final products which are strongly con-
nected with the acceptability by consumers. For that reason 
the preliminary sensory evaluation of thermally and enzy-
matically treated products was done by a panel of trained 
judges. they described the main properties important for 
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these kinds of products such as darkness, yellowness, appear-
ance, stickiness, crispness, oiliness, flavour, off-flavour, salti-
ness, sweetness and overall acceptability. changes in colour 
were observed in pancakes prepared under different heating 
programmes, where darkness and crispness were more inten-
sive in pancakes prepared at higher temperature of frying. 
No differences in evaluated sensory properties mentioned 
above were found out in any case of L-asparaginase appli-
cation (P  =  99 %) that was consider as a great advantage of 
the presented effective way of acrylamide reduction in food 
products24.
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Conclusions
Since the acrylamide occurrence in foods and its poten-

tiality to cause detrimental affects on human health attracts 
attention in all over the word, the effort to minimize its level 
in foods and consequently the human exposure to acrylamide 
is extremely advisable. among many ways of acrylamide re-
duction the application of enzyme in order to prevent acry-

lamide formation is feasible and effective without any un-
desirable effect on sensory quality of final products. For that 
reason, this procedure is protected by the patent application 
filed with the industrial Property office of the Slovak repub-
lic under the number 5027-2006.

This work was supported by the Slovak Research and 
Development Agency under the contract No. COST-0015-06.
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introduction
increasing demand for high-value lipids has focused 

commercial attention on the provision of suitable biosynthe-
tic framework for their production. one of the main target for 
microbial oil transformation is construction of healthy and 
dietary important polyunsaturated fatty acids, such as γ-lino-
lenic acid (18 : 3 ω-6; GLa), dihomo-γ-linolenic acid (20 : 3 
ω-6; DGLa), arachidonic acid (20 : 4 ω-6; aa), eicosapentae-
noic acid (20 : 5 ω-3; ePa) and docosahexaenoic acid (22 : 6 
ω-3; Dha). their applications in biomedical, nutritional and 
pharmaceutical fields coupled with their inadequacy from 
conventional agricultural and animal sources has looked for 
developing suitable biotechnologies to produce these com-
pounds1.

Particularly active in the synthesis of PuFas are spe-
cies of fungi belonging to Zygomycetes2. oleaginous fungi 
producing PuFa could be economically valuable because 
the most of their PuFas occur in the triacylglycerol fraction 
of their lipids. two basic processes have been developed for 
microbial production of PuFas: submerged and solid state 
fermentations3,4. however, the principal difficulty that has 
been experienced with submerged PuFa-riched oil pro-
duction has been in its marketing rather than in developing 
the large-scale fermentation and oil extraction process. the-
refore, the association of oleaginous fungi with solid state 
fermentations (SSF) has been developed in order to improve 
commercial potential of microbial oils and thus to create new 
perspectives for the economic competitiveness and market of 
microbial polyunsaturated fatty acids (PuFas). Solid state 
fermentation is a process in which microorganisms grow 
on a moist solid substrate in the absence of free water5. ssF 
simulates fermentation reactions occurring in the nature and 
allows microbial utilization of raw agro-materials or bypro-
ducts of the agro-food industries. Because some oleaginous 
fungi simultaneously decrease anti-nutrient compounds in 
the substrates (e.g. phytic acid) and partially hydrolyze sub-
strate biopolymers, prefermented mass with a high content 
of PuFas may be used as inexpensive food and feed supple-
ment6. thus, SSF might provide the other opportunity to fill 
marketing claims in food, feed, pharmaceutical, veterinary 
and environmental fields.

this paper deals with effectivity of several lower fila-
mentous fungi to synthesize various PuFas during their uti-
lization of cereals by solid state fermentations.

experimental
m i c r o o r g a n i s m s

Thamnidium elegans CCF 1456, Cunninghamella echi-
nulata CCF-103, Cunninghamella elegans CCF-1318, Mor-
tierella isabelina CCF-14, Mortierella isabelina ccF-1098, 
Mortierella alpina ccF 185 were obtained from the cul-
ture collection of Fungi (charles university, Prague, czech 
republic). the culture was maintained on modified czapek-
Dox agar slants with yeast extract (2.5 g dm–3) at 4 °c.

S u b s t r a t e s  a n d  c u l t i v a t i o n 
C o n d i t i o n s

Depending on the microorganism, various types of sub-
strates were employed during SSF experiments. Spent malt 
grains (SMG) were added to some substrates. autoclavable 
microporous polypropylene bags (160 × 270 mm2) were filled 
with 10 g of dry substrate, moistened by the addition of 10 ml 
distilled water, soaked for 2 h at laboratory temperature and 
sterilized in autoclave (120 kPa, 120 °c, 20 min). in order 
to increased yield of PuFas, sunflower or linseed oils were 
added to some substrates. in addition, various amounts of 
10% acetone or ethanol solutions of selected plant extracts 
were tested with the aim to activate enzymes involved into 
PuFa biosynthesis. the substrates were inoculated and 
mixed with 2 ml of spore suspension (1–2 × 106 spores per 
ml). then each bag was closed with sterile cotton plugs, 
inoculated substrate was spread in the bags to obtain sub-
strate layer of about 1 cm and incubated statically at 25 °c 
for 4–6 days (T. elegans, C. echinulata, C. elegans, M. isabel-
lina) and 10–14 days (M. alpina). triplicate SSF experiments 
for each substrate were prepared to assess reproducibility and 
average results are presented.

L i p i d  e x t r a c t i o n  a n d  F a t t y  a c i d 
a n a l y s i s

Prefermented cereal materials (bioproducts) were gently 
dried at 65 °c for 10 h and weighed. Lipids from homoge-
nized bioproducts were isolated with chloroform/methanol 
(2 : 1, v/v) and purified according to Čertík et al.7 and total 
lipids were determined gravimetrically. Fatty acids of total 
lipids were analyzed as their methyl esters8 by gas chromato-
graphy according to Čertík et al9. Gas chromatograph (Gc-
6890 N, agilent technologies) was equipped with a capillary 
column DB-23 (60 m × 0.25 mm, film thickness 0.25 μm, 
agilent technologies) and a FiD detector (constant flow, 
hydrogen 35 ml min–1, air 350 ml min–1, 250 °C). analyses 
were carried out under a temperature gradient (130 °c for 
1 min; 130–170 °c at program rate 6.5 °c min–1; 170–215°c 
at program rate 2.7°c min–1; 215 °c for 7 min; 220–240 °c at 
program rate 2 °c min–1; 240 °c for 2 min) with hydrogen as 
a carrier gas (flow 2.1 ml min–1, velocity 49 cm s–1, pressure 
174 kPa) and a split ratio of 1/50 (inlets: heater 230 °c, total 
hydrogen flow 114 ml min–1, pressure 174 kPa). the fatty 
acid methylester peaks were identified by authentic standards 
of c4–C24 fatty acid methylesters mixture (Supelco, uSa) 
and quantified by an internal standard of heptadecanoic acid 



Chem. Listy, 102, s265–s1311 (2008) Food Chemistry & Biotechnology

s545

(c17 : 0, Supelco, uSa). Fatty acid concentration was eva-
luated with chemStation software B0103 (agilent technolo-
gies, uSa).

results	and	discussion
the extensive research and development of PuFa pro-

duction by SSF is basically aimed at improving the econo-
mic competitiveness of that microbial process compared to 
plant- and animal-derived oils. emphasis is put on increasing 
the product value, using inexpensive substrates, screening 
for more efficient strains and reducing the processing steps. 
therefore, it is necessary to optimize the potential of micro-
organisms for transformation of agroindustrial materials and 
oil residues into desired metabolites.

Screening of microorganisms has led to selection of 
T. elegans, C. echinulata, C. elegans and Mortierella isa-
bellina as producers of GLa6,9 and Mortierella alpina as a 
producer of DGLa, aa and ePa10. Generally, the surface 
of substrates was not only covered by the fungal mycelium 
during cultivation, but the fungal hyphae also penetrated into 
the substrates. thus, fungal PuFas were accumulated in the 
newly formed bioproduct and their amount depended on the 
substrates, microorganisms and cultivation conditions used.

Depending on the microorganism, various types of cereal 
substrates were employed during SSF experiments (table i). 
Spent malt grains (SMG) served as an internal support. Sub-
strates without SMG in most cases led to agglomeration of 
substrate particles and created more compact mass which in 
turn interfered with microbial respiration and affected sub-
strate utilization negatively. Presence of SMG improved 
bioconversion of linoleic acid from substrates to GLa9. Sub-
strates with internal support not only provided better respira-
tion and aeration efficiency due to an increased inter-particle 
space but also helped to remove the heat generated during 
fermentation. it should be noticed that although PuFas were 
synthesized more effectively by SMG addition to substrates, 
total PuFas yield was also dependent on substrate/SMG 
ratio. unbalanced substrate/SMG ratio might provide limited 
surface for microbial attack and thus poorer availability of 
assimilable compounds (including oils) from substrates.

Growth of fungi on a carbohydrates-containing substra-
tes resulted after optimization of cultural conditions in con-
stant lipid yield with the demanded fatty acid profile. Further 
improvement of PuFas formation was achieved by physio-
logical regulation of the SSF process employing following 
steps10: a) gradual elevation of carbon/nitrogen ratio with 
addition of appropriate carbon source; b) optimization of 
water activity, temperature and oxygen availability; c) trans-
formation of exogenously added oils consisting of precursor 
of PuFas. there is a stock of relatively cheap vegetable 
oils containing individual fatty acid precursors and SSF was 
applied for microbial utilization of renewable agricultural 
oils with the aim to modify their properties for production 
of value-added bioproducts with enhanced biological charac-
teristics. thus the ability of the strains to utilize exogenous 
fatty acids opens new possibilities to prepare PuFas in high 

yield. Moreover, because fungi possess active oil-biotrans-
forming system, these strains were also tested for their ability 
to convert directly oil-rich substrates (corn, sunflower seeds, 
linseeds, rapeseeds) to PuFas.

Biosynthesis and profile of fatty acids is controlled by 
enzymes involved in lipogenesis, so activation or inhibition 
of these metabolic steps is also useful tool for improving car-
bon flux to individual PuFas11. For example, bioconversion 
of DGLa to aa is catalyzed by ‚∆5‘ desaturase and inhibition 
of this enzyme by crushed sesame seeds was accompanied by 
rapid increase of DGLa/aa ratio11). in addition, application 
of various plant extracts possessing bioactive compounds 
seems to be promising way how to regulate fatty acid bio-
synthetic machinery in order to gain bioproduct with high 
yield of preferred PuFa. application of ethanol extracts 
from ginger or sweet flag improved GLa yield by 30 % or 
25 %, respectively. on the other hand, biosynthesis of GLa 
was reduced by 70 % when acetone extract from tansy was 
employed to the substrate.

Conclusions
Naturally prepared cereal based bioproducts enriched 

with PuFas may be used as an inexpensive food and feed 
supplement. thus, the association of selected microorganisms 

table i
Production of γ-linolenic acid (GLa), dihomo-γ-linolenic 
acid (DGLa), arachidonic acid (aa) and eicosapentaenoic 
acid (ePa) by solid state fermentations of selected fungi uti-
lizing various cereal substrates. ratio of susbtrate/SMG was 
1 : 3 (w/w)

 Strain Substrate PuFa Yield
      [g kg–1 BP]
 T. elegans oat flakes/SMG GLa 5.9
  wheat bran/SMG GLa 5.0
  wheat bran/SMG/
  sunflower oil 

gLa 10.0

  crushed corn GLa 10.0
  rye bran/SMG GLa 4.2
  buckwheat/SMG GLa 4.7
  millet/SMG GLa 6.5
  amaranth/SMG GLa 4.7
 C. echinulata barley gLa 6.1
 C. elegans barley gLa 7.0
 M. isabellina barley gLa 18.0
 M. alpina rice aa 21.4
  wheat sprout/SMG aa 36.1
  wheat bran/SMG aa 42.3
  rye bran/SMG aa 21.9
  peeled barley aa 16.2
  oat flakes aa 31.2
 M. aplina cresed sesame seeds dgLa 21.3
 M. alpina peeld barley/linseed ePa/aa 23.4/36.3
  oil/SMG
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with solid state fermentations has created new perspectives 
for the economic competitiveness and market of cereal based 
bioproducts containing PuFas.

The work was supported by grant VEGA No. 1/0747/08 
from the Grant Agency of Ministry of Education, Slovak 
Republic.

rEFErEnCEs
 1. Gill i., valivety r.:	trends Biotechnol. 15, 401 (1997).
 2. Čertík M., Shimizu S.: j. Biosci. Bioeng. 87, 1 (1999a).
 3. Čertík M., Shimizu S.: agro Food industry hi-tech. 10, 

26 (1999b).
 4. Čertík M., in: Biocatalysis and Bioenergy (hou c.t., 

Shaw j.-F., ed),p 571-585, Wiley, New York 2008

 5. Pandey a.: Biochem. eng. j. 13, 81 (2003).
 6. Slugeň D., Streďanský M., Streďanská S., Čertík M., 

Grego j.: czech Patent 279043 (1994).
 7. Čertík M., andráši P., Šajbidor j.: j. am. oil chem. Soc. 

73, 357 (1996).
 8. christoperson S.W., Glass r.L.: j. Dairy Sci. 52, 1289 

(1969).
 9. Čertík M., Sláviková L., Masrnová S., Šajbidor j.: Food 

technol. Biotechnol. 44, 75 (2006).
 10. Sláviková L., Čertík M.: chem. Listy, 99, 234 (2005).
 11. Čertík, M, Sakuradani, e, Shimizu S.: trends Biotech-

nol. 16, 500 (1998).



Chem. Listy, 102, s265–s1311 (2008) Food Chemistry & Biotechnology

s547

l05	 physiologiCal	regulation	oF	
BioteChnologiCal	produCtion	oF	
Carotenoid	pigments

vLadimíra haNuSováa, MartiNa ČarNecKáb, 
andrEa haLieNováb, miLan ČertíKa, EmíLia 
Breierovác and ivana Márováb

aDepartment of Biochemical Technology, Faculty of Chemi-
cal and Food Technology, Slovak University of Technology, 
Radlinského 9, 812 37 Bratislava, Slovak Republic;
bFaculty of Chemistry, Brno University of Technology, Pur-
kyňova 118, 612 00 Brno, Czech Republic;
cInstitute of Chemistry, Slovak Academy of Sciences, Dúbrav-
ská cesta 9, 845 38 Bratislava, Slovak Republic,
milan.certik@stuba.sk

introduction
carotenoids represent one of the broadest group of 

natural antioxidants (over 600 characterized structurally) 
with significant biological effects and numerous of industrial 
applications. Because the application of synthetically prepa-
red carotenoids as food additives has been strictly regulated 
in recent years, huge commercial demand for natural caro-
tenoids has focused attention on developing of suitable bio-
technological techniques for their production.

there are many microorganisms including bacteria, 
algae, yeast and fungi, that are able to accumulate several 
types of pigments; but only a few of them have been exploited 
commercially1. From the view of yeasts, a range of species 
such as Rhodotorula, Rhodosporidium, Sporidiobolus, Spo-
robolomyces, Cystofilobasidium, Kockovaella and Phaffia 
have been screened for carotenoids formation. Yeast strains 
of Rhodotorula and Sporobolomyces formed β-carotene as 
the main pigment together with torulene and torularhodine as 
minor carotenoids. in contrast, Phaffia strains accumulated 
astaxanthin as a principal carotenoid. comparative success 
in yeast pigment production has led to a flourishing interest 
in the development of fermentation processes in commercial 
production levels. however, in order to improve the yield of 
carotenoid pigments and subsequently decrease the cost of 
this biotechnological process, optimizing the culture con-
ditions including both nutritional and physical factors have 
been performed. Factors such as carbon and nitrogen sour-
ces, minerals, vitamins, ph, aeration, temperature, light and 
stress showed a major influence on cell growth and yield of 
carotenoids.

this paper summarizes our experience with physiologi-
cal regulation and scale-up of biotechnological production of 
carotenoid pigments by yeasts.

experimental
M i c r o o r g a n i s m s  a n d  c u l t i v a t i o n 
C o n d i t i o n s

all strains investigated in this study (Sporobolomyces 
roseus ccY 19-6-4, S. salmonicolor ccY 19-4-10, Rhodoto-
rula glutinis CCY 20-2-26, R. glutinis CCY 20-2-31, R. glu-

tinis CCY 20-2-33, R. rubra CCY 20-7-28, R. aurantiaca  
ccY 20-9-7 and Phaffia rhodozyma ccY 77-1-1) were 
obtained from the culture collection of Yeasts (ccY; insti-
tute of chemistry, Slovak academy of Sciences, Bratislava) 
and maintained on malt slant agar at 4 °c.

the basic cultivation medium for flasks experiments 
for Rhodotorula and Sporobolomyces strains consisted of 
(g dm–3): glucose – 20; yeast extract – 4.0; (Nh4)2so4 – 10; 
Kh2Po4 – 1; K2hPo4

. 3h2o – 0.2; Nacl – 0.1; cacl2 – 0.1; 
mgso4

.7h2o – 0.5 and 1 ml solution of microelements 
[(mg dm–3): h3Bo4 – 1.25; cuSo4

. 5h2o – 0.1; Ki – 0.25; 
mnso4

.5h2o – 1; Fecl3. 6h2o – 0.5; (Nh4)2mo7o24
.4h2o 

– 0.5 and Znso4
.7h2o – 1]. the basic cultivation medium 

for flasks experiments for Phaffia strain consisted of  
(g dm–3): glucose – 20, yeast autolysate – 2.0, Kh2Po4 – 0.4, 
(Nh4)2so4 – 2.0, mgso4

. 7h2o – 0.5, CaCl2 – 0.1, naCl 
– 1.0. all strains grew under a non-lethal and maximally tole-
rated concentration of Ni2+, Zn2+, Cd2+ and se2+ ions. also, 
stress conditions were induced by addition of various con-
ventrations of Nacl and h2o2. the cultures were cultivated 
in 500 ml flasks containing 250 ml cultivation medium on 
a rotary shaker (150 rpm) at 28 °c to early stationary grow 
phase. all cultivation experiments were carried out at tripli-
cates and analyzed individually.

Flasks results were verified in bioreactors and these 
scale-up experiments were carried out in 2 L fermentor (B. 
Braun Biotech), 20 L (SLF-20) and 100 L (Bio-la-fite) fer-
mentors with an agitation rate of 250–450 rpm and a tempe-
rature of 20–22 °c. the ph was controlled at ph 5.0 by the 
addition of Nh4oh and the dissolved oxygen concentration 
was maintained by supplying sterile air at a flow rate equiva-
lent to 0.3–0.7 vvm.

P i g m e n t  i s o l a t i o n  a n d  a n a l y s i s
Pigments from homogenized bioproducts were isolated 

by organic extraction and analyzed by high-performance 
liquid chromatography (hPLc). analysis was carried out 
with an hP 1100 chromatograph (agilent) equipped with a 
uv-viS detector. Pigments extracts (10 μl) were injected 
onto Lichrospher® 100 rP-18 (5 μm) column (Merck). the 
solvent system (the flow rate was 1 ml min–1) consisted of 
solvent a, acetonitrile/water/formic acid 86 : 10 : 4 (v/v/v), 
and B, ethyl acetate/formic acid 96 : 4 (v/v), with a gradient 
of 100 % a at 0 min, 100 % B at 20 min, and 100 % a at 
30 min.

G e l  e l e c t r o p h o p h o r e s i s
1D PaGe-SDS electrophoresis of proteins was carried 

out by common procedure using 10% and 12.5% polyacryla-
mide gels. Proteins were staining by coomassie Blue and by 
silver staining. For comparison, microfluidic technique using 
1D experion system (Biorad) and P260 chips was used for 
yeast protein analysis too. 2D electrophoresis of proteins 
was optimized in cooperation with Laboratory of Functio-
nal Genomics and Proteomics, Faculty of Science, Masaryk 
university of Brno. 2D gels were obtained from protein pre-
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paratives isolated from lyophilized cells. after optimization 
of separation conditions proteomes from stressed R.glutinis 
and R.rubra cells were isolated, lyophilized and analyzed. 
Quantitative analysis was done using Biorad Laboratories 
2D software. identification of some spots was done using 
Lc-MS/MS.

results	and	disscussion
to find suitable conditions for carotenoids production, 

several pigment forming yeasts have been tested for their 
ability to modify carotenoid biosynthesis based on media 
composition. Kinetic analysis revealed that yeasts strains 
differed from the view of growth rates and pigments forma-
tion. it must be emphasized that overall yield of carotenoids 
is directly related to the total biomass yield, thus, to keep both 
high growth rates and high flow carbon efficiency to carote-
noids by optimal cultivation conditions is essential in order to 
achieve the maximal pigment productivity.

carotenoid accumulation in cells was significantly acti-
vated when yeasts were treated by selected stress conditions 
and their combinations (heavy metals, hydrogen peroxide 
and salt). however, such stimulation of pigment biosynthe-
sis was more effective if stress factors were employed to the 
medium in exponential growth phase than from the begin-
ning of cultivation2–4. it may be explained by hypothesizing 
a possible activation or inhibition mechanism by metal ions 
on specific carotenogenic enzymes, in particular, on specific 
enzymes involved in carotenoid biosynthesis, in agreement 
with previous studies reporting activation or inhibition by 
metal ions in microbial enzymes. the other explanation is 
based on observations that presence of heavy metals results 
in formation of various active oxygen radicals what, in a turn, 
induces generation of protective carotenoid metabolites that 
reduce negative behaviour of free radicals5.

During environmental stress response many red yeasts 
exhibite cross-protective mechanisms. Preincubation of yeast 

culture with low concentration of one stress factor in inocu-
lum media (e.g. salt, hydrogen peroxide) induces adaptation 
pathways resulted in enhanced carotenoid production6. Fur-
ther addition of higher concentration of either the same or 
other stress factor can lead to significant (5–10 times) increase 
of β-carotene production in Rhodotorula glutinis and Sporo-
bolomyces salmonicolor2. Simple preincubation of R. glutinis 
in presence of 2% Nacl in inoculation medium followed by 
fermentation in inorganic production medium led to increa-
sed formation of biomass with accumulated carotenoids. this 
combined environmental stress using mild stress effect of salt 
or hydrogen peroxide could be industrially used for produ-
ction of carotene enriched biomass. the results from flasks 
experiments are summarized in table i.

Laboratory flasks experiments were verified in semi-
scale conditions (from 2 dm3 to 100 dm3 fermentors). it was 
confirmend that glucose utilization was followed by increa-
sed pigment biosynthesis. therefore, fed-batch fermentations 
were applied to enhanced carotenoid production. in addition, 
combination of aimed environmental condition resulted in 
activated accumulation of selected carotenoids (table i).

enhancement of carotenoid production by environmen-
tal stress is also associated with changes in expression levels 
of various genes. therefore, molecular changes in yeast cells 
on genome, proteome and metabolome level were studied 
using PFGe, 2D-Ge, Lc/MS/MS and ePr techniques. Pre-
sence of stress factors was accompanied by changes in caro-
tenoid production as well as by alternations in protein levels. 
however, further analyses have to be focused on more pre-
cise characterization of proteins those displayed significant 
changes under increased biosynthesis of carotenoids.

The work was supported by grant VEGA No. 1/0747/08 
and 2/7031/27 from the Grant Agency of Ministry of Edu-
cation, Slovak Republic, grant FRVS 2541/G4/2008 of the 
Ministry of Education, Youth and Sports of the Czech Repub-
lic and grant IAA400310506 of Grant Agency of the Academy 
of Sciences of the Czech Republic.
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Table I
Production of carotenoids in flask and fermentation experi-
ments

 Strain Pigment Pigment yields

  Flasks experiments
 S. roseus β-carotene 30 mg dm–3 (by Zn2+ + H2O2)
 R. glutinis torulene 6 mg dm–3 (by Zn2+ + H2O2)
 R. glutinis torularhodin 1 mg dm–3 (by Cu2+)
 P. rhodozyma astaxanthin 20 mg dm–3 (by Se2+)
  
  Scale-up fermentations
 S. salmonicolor. total carotene 41 mg dm–3 (by NaCl + H2O2)
 R. glutinis β-carotene 35 mg dm–3 (by NaCl + H2O2)
 P. rhodozyma astaxanthin 110 mg dm–3 (by NaCl + NaCl)
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introduction
enzymatic esterification of various hydroxy compounds 

is studied for about 40 years. Such reactions are usually per-
formed in reaction systems comprising controlled amount of 
water to prevent product hydrolysis. Followingly, enzymatic 
esterification of unprotected saccharides is hampered by their 
decreased solubility in low water envíronment. 

We had recently described acetyl esterase from Tricho-
derma reesei to catalyze acetylations of several carbohydra-
tes and alcohols in bulk water phase1. acetyl esterases may 
be found in several raw commercial preparations of enzymes 
dedicated for biomass degradation since acetylation occurs 
widely on natural polysaccharides and plant cell wall frag-
ments2. acetyl hydrolyzing activity occurs quite frequently 
in lipases (which may be result either of wider acyl specifity 
or of protein impurity) and some reports describe also este-
rase activity of serum albumins3.

our present work explores performance of several 
enzymes/crude enzyme preparations and proteins (celluclast 
1.5 L FG, ultraflo L, lipases from Candida antarctica, Can-
dida rugosa, Aspergillus niger and Thermomyces lanugino-
sus, bovine serum albumin) in acetylations of glucose (1	a) 
and methyl α-D-glucopyranoside (1	b), comparing product 
yields and position selectivity of the reaction.

experimental
assays of acetyl esterase activity in enzyme prepara-

tions were performed as previously described1. synthetic 
reactions were routinely performed by dissolving 1.2 g of 
glucose or alpha methyl glucoside in 10 ml mixture of water 
and acetyl donor (vinyl acetate or isopropenyl acetate, 4 : 1) 
and the reaction was started by adding 1 ml or 300 mg of 
the enzyme. reaction mixture was then stirred at 37 oc for 
1–3 days and the course of the reaction was followed by t.l.c. 
on silica gel plates (chloroform – methanol, 3 : 1, visualisa-
tion by pouring into 5% sulphuric acid in ethanol and drying 
in hot air). reaction mixture was then concentrated in vacuo, 
products separated by chromatography on silicagel column 
(chloroform – methanol, 3 : 1) and identified by NMr. For 
every reaction, a parallel experiment was executed without 
addition of enzyme to check occurence of a spontaneous ace-
tylation. the spontaneous reactions were tested also separa-
tely in 0.1M acetate and phosphate buffers.

results
table i presents level of acetyl hydrolysing activities in 

enzyme preparations. although water insoluble Lipolase 100 
was not active in photometric assay, it catalyzed acetylations 
of aliphatic alcohols in stired low water reactions (data not 
shown).

Since phosphate buffer catalyzes acetylation of saccha-
rides by vinyl acetate4, we tried to assess the extent of this 
process in our reactions (table ii).

increasing ph of the buffer resulted in increased crea-
tion of glucose monoacetates and eventually diacetates when 
vinyl acetate was used as acetyl donor. to avoid such unse-
lective acetylations, all enzymatic reactions were executed 
using water instead of the buffer. 

Scheme 1 summarizes in general the scale of products 
identified in reaction mixtures.

table i
acetyl hydrolysing activity of enzyme preparations

 enzyme activity activity
 (souce) [u ml–1] [u g–1]
 celluclast 1.5 L FG
 (Trichoderma reesei) 

18.4

 ultraflo L
 (Humicola insolens) 

31.5

 Novozym 735
 (Candida antarctica) 

55.6

 Bsa
 (Bos taurus)  

4.0

 amano Lipase a
 (Aspergillus niger)  

219.1

 Lipase aYS
 (Candida rugosa)  

621.1

 Lipolyve cc
 (Candida rugosa)  

319.0

 Lipolase 100t
 (Thermomyces lanuginosus)  

not estimated

table ii
Sponatneous acetylation of glucose by vinyl acetate (va) and 
isopropenyl acetate (iPa) in buffered solutions and water

 ph acetyl donor Monoacetates Diacetates
 4.01 va + –
 4.51 va ++ –
 5.02 va ++ +/–
 5.51 va +++ +
 5.72 va +++ +
 6.03 va +++ +
 Water va – –
 Water iPa – –
 5.72 iPa +/– –



Chem. Listy, 102, s265–s1311 (2008) Food Chemistry & Biotechnology

s550

Yeast lipases gave low yields of pure 3	a,b, thus show-
ing high specifity for acetylation of primary hydroxyl (tables 
3,4). however, Lipolyve cc was reactive only with the glu-
coside 1	b and did not acetylate free glucose within 3 days.

on the other side, amano Lipase a (Aspergillus niger) 
as a representative of fungal lipases gave 10% yield of an 
equimolar mixture of 2	a, and 3	a. interestingly, acetylation 

did continue to create only one diacetate (3,6-di-o-acetyl 
glucose, 5	a), thus keeping the original specifity for positi-
ons 3-o- and 6-o- (table iii). acetylations of methyl α-D-
glucopyranoside (1	b) with isopropenyl acetate proceeded 
with the same positional specifity to produce 2	b and 3	b. 
When isopropenyl acetate was replaced by vinyl acetate as 
acetyl donor, selectivity increased markedly in favor of 2	b	
(table iv). No reaction was observed when another fungal 
lipase – Lipolase 100t – was used as biocatalyst. 

acetylations of 1	b catalyzed by bovine serum albumin 
and ultraflo L (an enzyme cocktail from Humicola insolens) 
were unselective, giving mixtures of three monoacetates 
(table iv).

the best results were achieved by use of celluclast, a 
cellulase preparation from Trichoderma reesei rut c-30 
comprising the same acetyl esterase as reported earlier1. ace-
tylations gave 19.7 % and 10 % of monoacetylated glucose 
and methyl glucoside, respectively (tables iii, iv). the sele-
ctivity was exclusively to position 3-o- in acetylation of 1	b 
while in acetylation of glucose, almost 8% of 6-o- acetate 3	a 
was found in the monoacetate fraction.

Conclusions
our results proved celluclast to be the best catalyst for 

acetylations of glucose and methyl α-D-glucopyranoside 
according to its selectivity, product yields, availability and 
price. Since celluclast has significantly lower acetyl esterase 
activity comparing to the other enzymes tested in this study, 
the enzyme seems rather unique. the enzyme selectivity to 
position 3-o- gives a promiss of its use in two step enzymatic 
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scheme 1
Summarization of products created by enzymatic acetylations of 
glucose and methyl α-D-glucopyranoside with vinyl acetate or 

isoprenyl acetate

table iv
enzymatic acetylations of methyl glucoside by vinyl acetate 
(va) and isopropenyl acetate (iPa) in water

 
enzyme

 acetyl mono- diacetates reaction
  donor acetates [%] time
   [%]  [days]
 celluclast iPa 10.0 0 1
   2	b
 Lipolyve cc iPa 2.2 0 0.9
   3	b
 Lipase aYS  iPa 1.9 0 0.16
   3	b
 amano 

iPa
 10.5 1.7 

1 Lipase a  2	b : 3	b 5	b
   2,5 : 1
 amano 

va
 6.4 0.7 

1 Lipase a  2	b : 3	b 5	b
   13 : 1
 

Bsa va
 2.1 

0 5   3	b : 4	b : 2	b
   2.0 : 1.3 : 1.0
 

ultraflo L iPa
 3.9 

0 1   3	b : 4	b : 2	b
   4.5 : 2.5 : 1.0

table iii
enzymatic acetylations of glucose by vinyl acetate (va) and 
isopropenyl acetate (iPa) in water

 
enzyme

 acetyl mono- diacetates reaction
  donor acetates [%] time
   [%]  [days]
 

celluclast va
 19.7 

0 1   2	a : 3	a
   12 : 1
 Lipolyve cc iPa 0 0 3
 
Novozym 735 va

 2.0 9.6 
3   3	a not 

    determined
 amano 

iPa
 10.0 4.2 

2 Lipase a  2	a : 3	a 5	a
   1:1
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esterifications of saccharides, in which acetylation provides 
organic solvent-soluble sugar derivatives possessing free pri-
mary hydroxyls.

This work has been supported by a grant from the Slo-
vak Grant Agency for Science VEGA under the Project No. 
2/0145/08.
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introduction
it has known that after delignification kraft pulping pro-

cess almost all extractable dissolved or emulsified substances 
of wood pass into black liquor. evaporation of water from 
black liquor causes an increase in sodium salts content. Soaps 
are settled on all places, where liquor remains motionless. tall 
soaps flowing on surface are separated in the form of foam 
in all tanks and their amount increases with density of black 
liquor1–3. tall soap may be incinerated together with higher-
density black liquor within chemicals recovery or separated 
and utilised to high value chemicals. the latter alternative is 
more cost effective4. Kraft tall soap (tS) may be converted 
by acidification to tall oil (to) and individual components 
isolated from it by vacuum distilation. 

to is a dark brown, viscous and odorous liquid5 con-
taining mainly higher fatty acids (hFa), resin acids (ra), 
sterols and many other extractable substances6.

very interesting is hFa content ranging from 26 to 
58 % wt.7 and depending mainly on the sort of wood. Given 
the high amount of wood, which is delignificated in paper 
mill in central-european region, it represents a cheap raw 
material for biodiesel production. Biodiesel is exclusively 
produced from expensive vegetable oil. 

this work is focused on biodiesel production from tall 
oil and testing of selected biodiesel properties and their com-
parison with eN 142148. a method based on esterification 
straight by methanol and subsequent vacuum distillation of 
methylesters hFa from mixture was chosen. the method 
seems to be more advantageous than that based on esterifica-
tion of hFa fraction obtained preferentially by vacuum dis-
tillation of to. Namely, boiling point of hFa methylesters is 
lower than that of hFa.

our method is more efficient from the viewpoint of 
energy demands when compared with the method realised, 
e.g., by altÂparmak D., Keskin a., Koca a., Gürü M., 9.

experimental
m a t e r i a l s

Chemicals: sulphuric acid, 96 % wt., Microchem, Sr,
Tall oil was prepared from aqueous solution of tall soap 

supplied by MoNDi Packaging Paper Štětí, Čr.

i n s t r u m e n t s ,  F a c i l i t i e s ,  M e t h o d s
Gas chromatography and mass spectrometry (GC/MS). 

analysis of tall oil composition was performed by Gc/MS 
with a hewlett – Packard 5890a/5790B equipment.

GC conditions: column: Pte–5, 30 m, 0.25 mm iD, 
0.25 μm film, carrier gas: helium, flow-rate 1 ml min–1, 
pressure 50 kPa , purge off: 0 min (split), injection tempe-
rature: 275 °c, temperature of detector: 280 °c, tempera-
ture program: 170 °c (3 min), 5 °c min–1 – 270 °c (9 min), 
15 °c min–1 – 300 °c (3 min)

MS conditions: mass range: 43–550 amu, eMv: 2400 v, 
threshold setting: 1000, SD: 3 min

IR spectroscopy. infrared spectra of all specimens were 
obtained by Digilab excalibur FtS 3000MX – Ftir method. 
Samples were measured by diffusion scatter method (DriFt) 
in KBr powder (5 % wt.).

Vacuum (molecular) distillation. a laboratory molecular 
vacuum evaporator Mo1510 was used to isolate methylesters 
hFa and also to purify this product. 

other laboratory equipment: furnace, balance, centri-
fuge, vacuum rotary evaporator.

to preparation from tS was carried out at following 
conditions:

to was consequently esterified at conditions:

table i
conditions of tall oil preparation from tall soap

 Mass tS  ~  1,000 g
 heating time tS 25 → 95 °c  ~  15 min.
 h2so4 concentration 43.6 wt. %
 volume of added h2so4 solution 1.5 dm3

 reaction time  200 min. (3.3 h)
 agitation intensive (3.3 h)

table ii
conditions of tall oil esterification by ch3oh

 conc. sulphuric acid [h2so4, 96 % wt.] 5 % wt.
 of the mass of hFa in to
 temperature of reaction mixture 60 °c
 Molar ratio of ch3oh to hFa in to  6 : 1
 reaction time 5.5 h
 intensive agitation of reaction mixture  5.5 h

table iii
Properties of tall soap and tall oil

 Dry matter [% wt.] 65.56
 ash [% wt.] 11.36
 to in tS [% wt.] 84.00
 acid number of prepared to 154.70
 [mg Koh g–1 to]
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results	and	discussion
P r e p a r a t i o n  o f  t o

to was prepared by tS acidification by sulphuric acid 
at conditions given in table i. Sulphuric acid was added 
in excess. reaction mixture undergoes vigorous agitation 
during the process.

at the beginning, about 1,000 g tS (one batch) was 
heated in a 4,000 ml beaker in water bath. temperature of 
water bath was kept in the range of 90–95 °c by adjustable 
cooker. after heating of tS at the water bath temperature, 
sulphuric acid was added and a blender activated. the blen-
der ensured intensive agitation during the whole process. at 
to preparation, the following reaction proceeded:

volume of obtained tall oil after separation of aqueous and 
a lignin phase from one batch was 482 ml or 465 g, and the yield 
in % wt. was 70.9.

having concluded the process, phase separation was 
performed. to was separated from aqueous and lignin phases 
by separatory. Subsequently, warm water was used to wash 
to, until ph of waste water reached ∼  6–7 due to necessity 
to eliminate h2so4 residues from esterified oil. Finally, to 
was dehydrated in a vacuum rotary evaporator.

 Preparation of tall oil was performed using two appa-
ratus simultaneously. For totally 3.3 h, 2 × 482 ml of oil after 
separation of aqueous and lignin phase was obtained. this 
process was repeated 6 times and a total amount of prepared 
oil was ~  5,784 ml (5,580 g). a total amount of tS used in the 
process was ~  7,867 g (besides moisture).

average batch yield reached 70.93 % wt. theoretical 
yield was 84.0 % wt., i.e. weight loss was 13.07 % wt. this 
amount included the matter remaining on the beaker and fun-
nels walls owing to a decrease in temperature and increase in 
viscosity of tall oil. the inner surface of 4,000 ml beaker and 
2,000 ml separatory funnel was significant.

Moreover, not all saponificed hFa and ra were con-
verted to their acid form by the reaction shown in Scheme 1. 

G c / M S  a n a l y s i s  o f  t o
the prepared to contained 30 % wt. hFa, 20 % wt. 

ra, ~  18.5 % sterols. Non-analysed portion represented 
~  44.2 % wt. and contained higher fatty alcohols, hydrocar-
bons, lignin and cellulose fragments, non-methylated fatty 
and resin acids and inorganic compounds. these substances 
cannot be classified into the above three groups. in addition, 
these substances could be modified by the preparation pro-
cess or its conditions.

e s t e r i f i c a t i o n  o f  t a l l  o i l 
–  P r e p a r a t i o n  o f  t a l l  o i l 
M e t h y l e s t e r s  ( t o M e )

the prepared to, after washing by water and dehydra-
tation were subjected to esterification at optimal conditions 
based on Neaves D.e.11.

Mechanism of acid catalysed esterification by metha-
nol is proposed in Scheme 2. conditions of esterification are 
summarized in table ii. 

1,000 g to with hFa content ~  30 % wt. i.e. ~  300 g 
was processed. as catalyst, suphuric acid ~  15 g (8.2 ml at 
density 1.835 g cm–3) was used. the total amount of metha-
nol added to the reactor was ~  204.8 ml (methanol was added 
in excess to hFa, in molar ratio 6 : 1) 

average molar mass of fatty acids was estimated as 
281.55 g mol–1. Stemming from the fact that optimal condi-
tions (time 2–3 h) given by literature concern only the frac-
tion hFa isolated from to and not the fraction included in 
to, reaction time was prolonged to 5.5 h to ensure maximum 
conversion.

the process was repeated 3 times and total volume of 
prepared toMe approached 3,000 ml (2,835 g).

r—cooNa + h3o
+ → r—cooh + h2o + na+

scheme 1
conversion of saponified hFa to acid form

table iv
Gc/MS analysis – composition of tall oil

 extractives [% wt.]
 Fatty acids 29.8
 resin acids 20.0
 sterols 6.0
 analysed portion 55.8
 Non-analysed portion  44.2
 total 100.0
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scheme 2
Mechanism of hFa esterification with methanol in acid media
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v a c u u m  D i s t i l l a t i o n  o f  t o M e 
Data on amounts of obtained distillates (D1, D2), resi-

dues (z1, z2) and weight losses (WL) from 1st and 2nd distil-
lation stage are listed in table v and vi.

the prepared amount of toMe was heated and then let 
settle. Formed water and unreacted methanol were removed 
with a vacuum (molecular) evaporator. 

then 2.5 dm3 toMe was withdrawn from 3 dm3 volume 
of toMe and distillated at the folowing conditions: pressure 
10–50 Pa and temperature 135–140 °c. 955 ml (~  845 g) of 
distillate (D1) was obtained which represented ~  38 % vol. 
(~  36 % wt.). During this distillation D1 was polluted 
by ra. 

Destillate D1 955 ml (~  845 g) was consequently dis-
tillated at pressure 2–20 Pa and temperature 130–135 °c. 
under these conditions, we obtained 835 ml (711.8 g) of dis-
tillate D2, i.e. ~  87 % vol. from D1, (84 % wt.)

the total yield of these processes: from 2,500 ml toMe 
(2,363 g) we obtained 835 ml (711.8 g) which represented 
33.4 % vol. (30.1 % wt.).

acid number parameter of D2 (19.610 mg Koh g–1) did 
not comply with european standard eN 14214 for biodiesel 
(stipulating less than 0.5 mg Koh g–1), D2 had to undergo 
further treatment. D2 included some ra. they were neutrali-
sed and precipitated and D2 (tall oil fatty acids methyl esthers 
– toFaMe) after this treatment had acid number 0.3 mg 
Koh g–1. this value fully meets eN 14214. however, total 
volume of the final product decreased from 835 to 630 ml 
(566.6 g) which represented – when comparing to the toMe 
amount – 25.2 % vol., (~  24 % wt.). 

the final product prepared in such a mode was subjected 
to analyses in laboratory of vÚruP, which was accredited 
for analyses of biofuels. results are assembled in table vii.

r e s u l t s  o b t a i n e d  b y  F o u r i e r 
t r a n s f o r m  i n f r a r e d  S p e c t r o m e t r y 
( F t i r )

Ftir spectra of our product and a sample of soybean 
oil methylesters (SoMe) were scanned and were found to 

comply with eN 14214. We observed very good similarity 
in absorption peaks of our product and SoMe sample. Both 
spectra are almost identical. this may mean that both speci-

mens have similar physical and chemical properties.
t e s t  r e s u l t s  f o r  B i o d i e s e l  f r o m 

a c c r e d i t e d  L a b o r a t o r y 
Conclusions

Prepared tall oil was esterified by methanol at optimal 
conditions in the presence of acid catalyst. tall oil fatty acids 
methyl esters were isolated from toMe mixture by vacuum 
distillation.

total yield of these processes: from 2,500 ml toMe 
(2,363 g), 630 ml (566.6 g) resulted which represents  

table v
vacuum Distillation material balance: 1st stage

 toMe D1 z1 WL
 [g] [g] [wt. %] [g] [wt. %] [wt. %]
 2362 845 35.8 1419 60.0 4.2

table vi
vacuum distillation material balance: 2nd stage

 toMe D2 z2 WL
 [g] [g] [wt. %] [g] [wt. %] [wt. %]
 845.3 712 84.2 101.4 12.0 3.8

Fig. 1.	 Comparison	of	Ftir	spectra:	toFame	and	some

table vii
values of prepared biodiesel compared with eN14214 stan-
dard values

 Properties units determined En 14214 uncertainty   value value
 density at kg m–3 899.3 875–900 0.1 %
 15 °c
 carbon residue
 (10% distillation wt. % <	0.010 max. 0.3 10 %
 residue)
 Kinematic 

mm2 s–1 3.932 3.5–5 1.5 % viscosity
 at 40 °c
 cold filter 

°c –12
 0 to –13 

3 °c plugging point   –13 to –20
    (winter)
 ester content wt. % 95.7 min. 96.5 2.5
 Linolenic acid wt. % 0.7 max. 12 –
 methyl ester
 Sulphur mg kg–1 1208 max. 10 2 %
 content
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25.2 % vol. (~  24 % wt.). Biodiesel prepared in this proce-
dure complies with eN 14214 except of chemicaly bonded 
sulphur.

We thank Slovak Grant Agency (Project VEGA 
1/0770/08) for its financial support.
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introduction
During the last twenty years the chemists have get 

accustomed to the use of computers and consequently to the 
exploitation of various complex mathematical and statistical 
methods, by which they have been trying to explore multi-
variate correlations between the output and input variables 
more and more in detail. input variables of different kind are 
often continuous and represent usually the results of instru-
mental measurements but also other observations, sometime 
discrete or categorical, are important for characterizing the 
investigated objects. Such kinds of input variables are for 
example the results of sensorial assessment of foodstuffs or 
simply some qualitative attributes like odour or colour (agre-
eable/disagreeable or clear/yellowish/yellow). the output 
variables are the targets of the corresponding study, which 
again can be represented by some continous variable or a cate-
gorical one with two or more levels. With the increasing com-
plexity of analytical measurements, and the analysed sample 
itself, it becomes clear that all effects that are of interest can-
not be described by a simple univariate relation but they are 
multivariate and often they are not linear. a set of methods, 
which allow study of multivariate and non-linear correlations 
that have recently found very intensive use among chemists 
are the artificial neural networks (aNNs for short)1.

the aNNs are difficult to describe using a simple defini-
tion. Perhaps the closest description would be a comparison 
with a black box having multiple input and multiple output 
which operates using a large number of mostly parallel con-
nected simple arithmetic units. the most important thing to 
characterize about all aNN methods is that they work best 
if they are dealing with non-linear dependence between 
the inputs and outputs. they have been applied for various 
purposes, e.g. optimisation2,3 quantification of unresolved 
peaks4,5, estimation of peak parameters, estimation of model 
parameters in the equilibria studies, etc. Pattern recognition 
and sample classification is also an important application area 
for the aNN6–8, which is important and fully applicable in 
food chemistry. 

the most widespread application areas of implementing 
the aNNs for solution of foodstuff problems are: (i) wine 
characterization and authentification, (ii) edible oil characte-
rization and authentification, (iii) classification of dairy pro-
ducts and cheese, (iv) classification of soft drinks and fruit 
products, (v) classification of strong drinks. in this paper two 
examples are given, which exemplify the application of arti-

ficial neural networks for authentification of varietal wines 
and olive oils.

theory
the theory of the aNN is well described in mono-

graphs9–13 and scientific literature. therefore only a short 
description of the principles needed for understanding the 
aNN application will be given here. the use of the aNN for 
data and knowledge processing can be characterized by ana-
logy with biological neurons. the artificial neural network 
itself consists of neurons connected into networks. the neu-
rons are sorted in an input layer, one or more hidden layer(s) 
and an output layer. the input neurons accept the input data 
characteristic for each observation, the output neurons pro-
vide predicted value or pattern of the studied objects, and 
the hidden neurons are interconnected with the neurons of 
two adjacent layers but neither receive inputs directly nor 
provide the output values directly.	 in most cases, the ann 
architecture consists of the input layer and two active layers 
– one hidden and one output layer. the neurons of any two 
adjacent layers are mutually connected and the importance of 
each connection is expressed by weights.

the role of the aNN is to transform the input information 
into the output one. During the training process the weights 
are gradually corrected so as to produce the output values as 
close as possible to the desired (or target) values, which are 
known for all objects included into training set. the training 
procedure requires a pair of vectors, x and d, which together 
create a training set. the vector x is the actual input into the 
network, and the corresponding target - the desired pre-speci-
fied answer, is the vector d. the propagation of the signal th-
rough the network is determined by the connections between 
the neurons and by their associated weights, so these weights 
represent the synaptic strengths of the biological neurons. the 
goal of the training step is to correct the weights wij so that 
they will give a correct output vector y for the vector x from 
the training set. in other words, the output vector y should be 
as close as possible to the vector d. after the training process 
has been completed successfully, it is hoped that the network, 
functioning as a black box, will give correct predictions for 
any new object xn, which is not included in the training set.

the hidden xi and the output yi neuron activities are defi-
ned by the relations:

 (1)

 (2)

 
(3)

where j  =  1, …, p concern neurons xj in the previous 
layer which precede the given neuron i. ξi is the net signal 
– the sum of the weighted inputs from the previous layer, υi is 
the bias (offset), wij is the weight and, finally, t(ξi) is transfer 
function, expressed in various ways, usually as the threshold 
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logic function, sigmoid function or hyperbolic tangent func-
tion. the most common sigmoid function is of the form

 
(4)

where k is a constant. the aim of the neural network 
training is to minimize the error E by changing the weights 
and offsets

 
(5)

where r is the number of the input-output vector pairs in 
the training set, di is the respective component of the required 
output vector and yi is the response to the adequate component 
xi of the input vector. the error E is minimized most often by 
the steepest descent method or another gradient method. the 
described theory is adequate mainly for the multilayer per-
ceptron algorithms like Back Propagation, Quick Propaga-
tion and Quasi-Newton, with some differences in details.

the aNN calculations can be effectively made using 
several commercial software packages like trajan14, statis-
tica Neural Networks15, SaS jMP16 and others17,18.

experimental
D e s c r i p t i o n  o f  W i n e  S a m p l e s  a n d 
i n s t r u m e n t a t i o n

72 wine samples of 6 varieties originated from Small 
carpathian region (Slovakia) and produced in West Slova-
kia in 2003 were quantitatively analysed by gas chromato-
graphy using headspace solid-phase microcolumn extraction. 
the set of samples contained 11 samples of Frankovka Blue 
(code FM), 12 samples of chardonnay (ch), 16 samples of 
Műller thurgau (Mt), 9 samples of Welsch riesling (rv), 
7 samples of Sauvignon (Sv) and 17 samples of Gruener 
veltliner (vz). Wine aroma compounds were extracted from 
the headspace into a microcolumn; the microcolumn was 
then transferred into a modified Gc injection port for ther-
mal desorption and the released compounds were analysed. 
areas of chromatographic peaks of the same retention time 
corresponding to the selected 65 volatile aroma compounds 
were used in all samples. Wines were characterised by a set 
of identified compounds with corresponding relative abun-
dances. analyses were carried out on a Gc 8000 top Series, 
ce instruments (rodano-Milan, italy) equipped with a modi-
fied split-splitless inlet and flame ionization detector. the 
inlet was modified so that it was possible to insert a glass 
microcolumn (1 mm i.d., packed with 5.0 mg of 60–80 mesh 
tenax ta). the fused silica capillary column omegawax 
250, 30 m × 0.25 mm × 0.25 μm film thickness (Supelco, Bel-
lefonte, Pennsylvania, uSa) was used. the Gc inlet and the 
detector temperatures were 250 °c and the initial column 
temperature was maintained at 25 °c. the thermal desorp-
tion was performed at 10 kPa pressure for 5 min, then the 
pressure was increased to 50 kPa and the column tempera-

ture was programmed at a rate of 4 °c min–1 up to 210 °c and 
maintained at 210 °c for 10 min. helium was used as the car-
rier gas. a computer program class-vP 7.2, SP1 (Shimadzu, 
columbia, Maryland, uSa) was used for data acquisition. 
analyses of each wine sample were repeated twice.

D e s c r i p t i o n  o f  D r i n k i n g  W a t e r 
S a m p l e s  a n d  i n s t r u m e n t a t i o n 

93 water samples containing potable, spring and mineral 
waters, originated from croatia (54 samples), Slovenia (30), 
the czech republic (6), and France (3) were studied. From 
each brand 3 specimens were sampled so that the analyses 
were finally made for 15 tap water samples, 51 spring water 
samples, of which 12 samples were carbonated, and 27 mine-
ral water samples, of which 9 samples were carbonated. 
experiments were performed using a high-resolution inducti-
vely-coupled plasma mass spectrometer (icP MS) element 2 
(thermo, Bremen, Germany) equipped by autosampler (aSX 
510, cetac technologies, uSa), the sample introduction kit 
with a conical nebulizer (thermo, Bremen, Germany) and a 
Scott-type glass spray chamber (thermo, Bremen, Germany) 
for transporting the analytes into the plasma of the icP MS 
unit. the investigated water samples were analysed and 
characterized by thirty one continuous variables – nuclide 
concentrations determined by the icP MS measurements: 
ag107, ag109, al27, as75, B11, Ba138, Be9, Bi209, cd111, 
cd114, co59, cr52, cu63, Fe56, Li7, Mn55, Mo95, Mo98, 
Ni60, Pb208, Sb121, Sb123, Se77, Sn118, Sn120, Sr86, ti47, 
tl205, u238, v51, and zn66. the standard solutions and the 
blank solutions were prepared by adding of 1 % high purity 
nitric acid (Fluka, Steinheim, Switzerland) and 1 % high 
purity hydrochloric acid (Merck, Darmstadt, Germany).

results
c l a s s i f i c a t i o n  o f  v a r i e t a l  W i n e s 

For quantitative analysis, based on the integrated peak 
area, 65 chromatographic peaks were selected. a complete 
assignment of the analysed compounds to the selected peaks 
was not necessary in the applied approach, however, for 19 
peaks the corresponding species were identified. it is very 
important to note that the retention time order for all selected 
compounds was the same for all 72 samples and the way of 
chromatographic signal evaluation was identical. the obtai-
ned final data matrix suitable for chemometrical processing 
contained 72 rows (objects) and 65 columns (variables). 
Since the number of variables was too large compared to the 
number of objects, selection of the best variables, based on 
the F-test, was performed by stepwise feature selection. in 
this way, 30 best variables were chosen enabling best discri-
mination among the six studied wine varieties. For compari-
son purposes, the wine classification was performed not only 
using the aNNs but also several techniques of discriminant 
analysis were implemented.

the classification model was calculated using the trai-
ning set of samples containing all samples but one when the 
leave-one-out validation was used or without three samples in 
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case of using the leave-three-out validation. thus, the rema-
ining one sample or three samples were not included in the 
training procedure but were used for inspecting the quality 
of prediction whether the predicted variety of wine matches 
the real wine variety. the results achieved by several clas-
sification techniques and different software are summarized 
in table i.	the presented aNN results were achieved after 
optimising the neural network; the lowest error was obtai-
ned when using a three layer perceptron with 30 input neu-
rons (areas of the selected best peaks), 3 hidden neurons and 
one six-level output neuron (representing the predicted wine  
variety). 

all wine samples (100 %) were correctly classified into 
six classes by variety when the calculated multidimensional 
model is considered – no one sample was allocated to a wrong 
class. considering the validation results, the performance in 
leave-one-out validation depend on the applied multivariate 
technique. the leave-three-out manual technique can be used 
also in the case when the automatic leave-one-out validation 
is not enabled for the given method and software. all valida-
tion results shown in table i are above 90 %, which justifies 
very good ways of wine variety prediction enabling to con-
firm or reject wine authenticity.

c l a s s i f i c a t i o n  o f  D r i n k i n g  W a t e r
three classification criteria were used for the classifica-

tion of drinking waters: (1) by three types of water – potable, 
mineral and spring water, (2) by five types of water – potable, 
mineral, mineral carbonated, spring and spring carbonated 
water, (3) by three countries of origin – Slovenia, croatia 
and czechia (the category of French waters was not used due 
to a very low number of samples). Before the calculations 
new categorical variables were created, which correspond to 
the first, second and third classification criterion: Wtype 3, 
Wtype 5 and country, resp. in addition, a special categorical 
variable carbon was created in order to mark whether the 
sample is carbonated or not (c/n). When using the aNNs it is 
possible to utilize this variable at the input to provide some 

additional information about the sample. it is worth noting 
that the discriminant analysis techniques, except logistic 
regression, do not permit the use of non continuous input 
variables. the mentioned additional information cannot be 
of course used when the classification by the second criterion 
is used.

table ii shows the classification results for five cases 
using categorization by water type into 3 and 5 classes, the 
same categorization but with the help of additional categori-
cal variable carbon, and finally categorization by 3 countries 
of origin. intelligent Problem Solver is an extremely useful 
module of trajan software facilitating the selection of the 
optimal neural network. For the sake of place, table ii exhi-
bits only five best networks, automatically selected by this 
module, but a good possibility is to make a choice among 
a larger nuber of networks. Moreover, the networks belon-
ging to different aNN variants can be examined in this way 
(e.g. radial Base aNN). in table ii, the ordinal number of 
the network is marked by No, the number of neurons in indi-
vidual layers is marked by i (input), h (hidden), and o (out-
put); err. indicates the sum of squares error obtained both 
for the training and test sets. the most important results are  

table i
Success in prediction of wine variety using 72 varietal wines, 
30 optimally selected chromatographic peaks, 5 classification 
and 2 validation techniques

 Method classif. Leave-1- Leave-3- Software
  success out out
 Lda correct/all 69/72 69/72 sas
  % 95.8 95.8 
 QDa correct/all 66/72 65/72 sas
  % 91.7 90.3 
 Knn correct/all 72/72 67/72 sas
  % 100.0 93.1 
 Lr correct/all – 69/72 SPSS
  % – 95.8 
 ann correct/all – 68/72 jMP
  % – 94.4 

table ii
aNN – selection of the best network for 5 different criteria of 
water classification using intelligent Problem Solver of soft-
ware trajan 6.0

 Categor MLP networks train. test Success variables Neurons set set [%]  No i h o err. err. 
 

country

 1 31 6 1(3) 0.009 3.759 77.3
  2 31 6 1(3) 0.023 4.706 81.8
  3 31 5 1(3) 0.023 2.801 77.3
  4 31 6 1(3) 0.017 3.464 81.8
  5 31 6 1(3) 0.0044 5.239 86.4
 

country

 1 32 5 1(3) 0.0079 3.215 86.4
 

c/n

 2 32 6 1(3) 0.001 3.921 81.8
  3 32 6 1(3) 0.100 2.242 86.4
  4 32 6 1(3) 0.0032 1.829 86.4
  5 32 6 1(3) 0.144 0.480 90.9
 

Wtype3

 6 31 6 1(3) 0.0054 0.0026 100.0
  7 31 6 1(3) 0.0008 1.602 86.4
  8 31 6 1(3) 0.0002 0.649 95.5
  9 31 6 1(3) 0.0010 0.204 95.5
  10 31 6 1(3) 0.0000 0.935 86.4
 

Wtype3

 1 32 6 1(3) 1.4 × 10–5 2. × 10–5 100.0
 

c/n

 2 32 6 1(3) 1.1 × 10–6 5.8 × 10–6 100.0
  3 32 5 1(3) 5.9 × 10–6 0.0029 100.0
  4 32 6 1(3) 1.2 × 10–9 8.2 × 10–6 100.0
  5 32 6 1(3) 1.5 × 10–8 9.1 × 10–3 100.0
 

Wtype5

 1 31 6 1(5) 0.2946 0.744 90.9
  2 31 6 1(5) 0.215 0.599 86.4
  3 31 6 1(5) 0.424 1.154 81.8
  4 31 6 1(5) 0.197 0.4498 59.1
  5 31 6 1(5) 0.480 0.934 90.9
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in the last column, which expresses the ratio between the 
numbers of correct classifications to the total number in per 
cents. the results are excellent when categorization by the 
type of water is concerned. a bit less successful but still very 
good is classification by the country of origin, however, some 
difficulty here is cause by the fact that drinking waters cannot 
be strictly differentiated by the country borders but the geo-
logical factors can be more important. 

Conclusions
theoretical background and practical examples of 

exploitation of artificial neural networks were given.
Quantitative results facilitating characterization, classi-

fication and authentification of Slovak varietal wines using 
artificial neural networks and other multidimensional chemo-
metrical techniques were acquired. Six studied wine varieties 
were correctly categorized on the basis of the areas of chro-
matographic peaks corresponding to the selected 65 volatile 
aroma compounds in all samples. in all studied cases the 
calculated classification performance was higher than 90 %. 
a higher classification performance was achieved when 
instead of all peaks 30 optimally selected peaks were used in 
the training procedure. applied approach is suitable mainly 
when many analytical data and complex analytical signals 
are obtained.the established classification models are fully 
applicable for the prediction of the category of an unknown 
wine sample. 

using the nuclide concentration determined by the icP 
MS method, five types of drinking water from different euro-
pean countries were classified. the classification results cor-
responding to the selected classification criteria were very 
good – from 90 to 100 % for classification by the water type 
and about 85 % for classification by the country of origin. 
a detailed study may also enable to find the nuclides, which 
concentration level is characteristic for the given kind of the 
water sample. Some details concerning implementation of 
neural networks were also referred.

The support of this work by the grants VEGA 1/3584/06 
and APVV-0057-06 is highly acknowledged.
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introduction
herbs and spices are daily used condiments, frequently 

undergoing the microbial contamination (average contami-
nation by microorganisms and/or their spores can reach up 
105–108 microorganisms per gram)1. thus γ-irradiation tre-
atment is accepted as one of the most effective sterilization 
technique.

toxicological and nutritional tests proved the safety 
of γ-radiation doses below 10 kGy, which was accepted by 
codex alimentarius (ca) General Standard for irradiated 
foods as the maximum legal/allowed absorbed dose for dried 
aromatic herbs, spices and vegetable seasonings sterilisation, 
with the exception for cases when the higher dose application 
is necessary to achieve a legitimate technological purpose2. 
in contradiction to ca standards, the limitation of uS Food 
and Drug administration (FDa) set the maximum allowed 
dose for culinary herbs and spices to 30 kGy3.

Besides the positive effects of γ-radiation, its negative 
impact on environment or even on human health forces the 
food control authorities to develop reliable and sensitive 
methods applicable for dosimetric purposes even long time 
after the radiation process.

it is well known, that γ-radiation of food samples results 
in the formation of free radical species. thus, electron Para-
magnetic resonance (ePr) spectroscopy represents a sui-
table tool to investigate the irradiated spice.5–12 as follows 
from several recently published data, the application of ePr 
spectroscopy for dosimetric purposes is limited by several 
factors, mostly by limited lifetime and thermal stability of 
γ-radiation induced radicals.5–13

our previous investigations were focused on the moni-
toring of radiation-induced changes e.g., in black pepper, ore-
gano, allspice, ginger, or clove.5,9–12

the aim of the present study was to monitor the effect 
of γ-irradiation on the microbiological quality of powder 
samples of ground dry caraway seed (Carum carvi, L.) and 
ground dry laurel leaves (Laurus nobilis, L.). the influence 
of absorbed dose on the character of formed paramagnetic 
structures, as well as their life-time was investigated by means 
of ePr spectroscopy. Moreover, antioxidant properties of 
individual spice extracts were characterized using both ePr 
and uv-viS spectrophotometer by means of 1,1-diphenyl-
2-picrylhydrazyl (•DPPh), 2,2’-azinobis (3-ethylbenzothia-
zoline-6-sulfonic acid) diammonium salt (aBtS+•) radicals, 
ferric reducing power (FrP) and thiobarbituric acid reactive 
substances (tBarS) assays. total contents of polyphenols 

(tPc) in each extract was also monitored and expressed as 
Gallic acid equivalent. in addition, multivariate statistical 
methods were used for the discrimination of native (non-ir-
radiated) samples from that exposed to γ-radiation.

experimental
S a m p l e s  c h a r a c t e r i s a t i o n

Samples of ground dry caraway seed (dry matter con-
tent, 92.1 %) originating from austria and laurel leaves (dry 
matter content, 92.5 %) from turkey were provided by Kota-
nyi, Gmbh, vienna, austria. Spice samples were irradiated 
using 60co source at average doses of 5, 10, 20 and 30 kGy 
(dose rate, 2 kGy h–1) according to commercial practices at 
artim, Ltd. (Prague, czech republic). after the irradiation, 
all the samples were stored in closed bags in the darkness at 
ambient conditions.

m i c r o b i o l o g i c a l  a n a l y s i s
elementary microbiological analysis of all spice samples 

(total counts of microorganisms, presence of coliform bacte-
ria, yeasts and moulds) was carried out following the relevant 
StN iSo standards two times: immediately after the irradia-
tion and after 6 months of post-irradiation storage.14–16

e P r  e x p e r i m e n t s
ePr experiments with solid samples were performed 

identically as previously described elsewhere, using a por-
table X-band ePr spectrometer e-scan (Bruker, Gmbh, Karl-
sruhe, Germany).5,10–12 Spice sample (100 mg) was placed in 
the thin-wall ePr quartz tube (internal diameter, 3 mm) and 
cylindrically shaped column was formed (sample column 
heights: 2.1  ±  0.2 cm (caraway) and 2.0  ±  0.2 cm (laurel 
tree), respectively; and then inserted into the standard rectan-
gular cavity of ePr spectrometer. 

ethanolic extracts of spice samples were prepared iden-
tically as described in our previously published papers, by 
mixing 0.4 g of respective spice sample with 8 ml ethanol of 
spectroscopic grade.5,10,12 their ability to terminate •DPPh 
and aBtS•+ radicals was monitored.5,10,12,17,18

experimental ePr spectra were recorded at 298 K. the 
response and settings of ePr spectrometers were checked by 
means of solid DPPh and Strong pitch standards (Bruker) 
daily before the experiments, the obtained spectra were eva-
luated using WiN ePr and SimFonia software (Bruker) as 
described e.g. in.5,9–11,19,20

u v - v i S  e x p e r i m e n t s
extracts used in uv-viS experiments were prepared by 

mixing 2.0 g of respective spice sample with 50 ml methanol/
water (80 %, v/v) solvent9,11. Double-beam uv-viS spectro-
meter Specord M40 (carl zeiss, jena, Germany) with acces-
sories was used for the monitoring of antioxidant properties. 
all the experiments were carried out in the same square qu-
artz uv-viS transparent cells (path length, 1 cm). the moni-
toring of antioxidant ability of spices’ extracts was performed 
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identically as described in our previous papers, involving the 
DPPh, tBarS and FrP assays. total phenolic compounds 
content of extracts was evaluated, as well. 9, 11

M u l t i v a r i a t e  S t a t i s t i c a l  a n a l y s i s
canonical discriminant analysis of all results obtained 

from uv-viS experiments was performed using the unistat® 
software in order to distinguish the native (non-irradiated) 
spice samples from that exposed to γ-radiation.

results
Microbiological analysis performed immediately after 

the irradiation process proved, that as a result of γ-irradiation, 
the total count of microorganisms in caraway sample irradi-
ated at dose of 5kGy decreased considerably from 2.8 × 104 
colony forming unit (cFu) detected in reference sample, to 
less than 10 cFu g–1. the same effect of γ-irradiation on lau-
rel leaves was achieved using the dose of 10 kGy, still fulfi-
lling the requirements of international standards on irradia-
tion3,4.

as follows from data presented in table i, the presence of 
oliform bacteria as well as of yields and moulds was effectively 
suppressed by the irradiation. analysis performed 6 months of 
post-irradiation storage confirmed, that microbial status of both 
spices remained practically unchanged.

ePr spectrum of both reference (non-irradiated) samples 
represents broad singlet line with unresolved hyperfine splitting, 
attributable mostly to Mn2+ ions, upon which the additional sharp 
ePr line (geff  =  2.0022, ∆Bpp  ~  1 mt) is superimposed, previ-
ously assigned to stable semiquinone radicals produced by the 
oxidation of polyphenolic compounds present in plants. in addi-
tion, the presence of low-intensive ePr singlet line was noticed 
in caraway reference sample, attributable to radicals generated 
during the grinding process (table ii).5,9–11

ePr spectra of γ-radiation treated spices showed the for-
mation of additional paramagnetic structures. as follows from 
detail simulation analysis of obtained spectra (table ii), diffe-
rent, mostly cellulosic and carbohydrate radical structures were 
identified.

these radicals originate either from cleavage processes 
of cellulose matter (laurel leaves) and/or of other polysaccha-
rides forming the skeleton of plant structures and their cells, 
as the cellulosic radicals were not detected in γ-irradiated ca-
raway samples.

in accord with our previously published papers, the 
dose-dependent formation of radical structures’ in γ-irradi-
ated samples of both spices under study was found (Fig. 1.). 

table i
Microbiological analysis of ground caraway seeds (c) and 
laurel bay leaves (L) samples, γ-irradiated at doses of <0-30> 
kGy using 60co-source performed one day after the γ-irradi-
ation

 radiation total count of coliform Moulds dose microorganisms bacteria [cFu g–1] [kGy] [cFu g–1] [cFu g–1]
  C L C L C L
 0 2.8 × 104 1.7 × 105 1.0 × 104 8.6 × 103 9.8 × 103 5.7 × 103

 5 < 10 5.7 × 103 < 10 5.0 × 101 2.5 × 102 < 10
 10 < 10 < 10 < 10 < 10 < 10 < 10
 20 < 10 < 10 < 10 < 10 < 10 < 10
 30 < 10 < 10 < 10 < 10 < 10 < 10

table ii
identification of radical structures found in reference and 
γ-irradiated samples of ground caraway and laurel leaves

 ePr signal g-value hyperfine ΔBpp [mt]
 origin  splittings [mt]
 reference samples
 Semiquinones g┴  =  2.0042 – 0.52
  g║  =  2.0030
 Carbohydrate i g┴  =  2.0041 – 0.06
  g║  =  2.0028

 γ- irradiated samples

 Carbohydrate ii g┴  =  2.0041 a┴  =  0.7 0.45
  g║  =  2.0033 a║  =  0.6 (2h)
 Carbohydrate iii g┴  =  2.0032 a┴  =  0.85 0.67
  g║  =  2.0025 a║  =  0.7 (2h)
 Carbohydrate iv g┴  =  2.0030 a┴  =  0.45 0.59
  g║  =  2.0038 a║  =  0.40 (1h)
 cellulosic g┴  =  2.0029 a┴  =  3.00 1.20
  g║  =  2.0014 a║  =  1.70 (2h)
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Fig. 1.	 dependence	 of	 integral	 epr	 intensity	 of	 ground	 ca-
raway seed on γ-radiation dose measured immediately after 
the	irradiation	(march)	and	during	three	month	of	post	irradi-
ation	 storage	 (april-June).	 epr	 spectra	 were	 recorded	 using	
0.633	mW	microwave	power	at	298	K
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the obtained dependence can be effectively used as calibra-
tion curve enabling the estimation of previously absorbed 
dose.5,9–11

as a result of irreversible decay of radical structu-
res induced by γ-radiation, the integral ePr spectra inten-
sity of irradiated samples decreased gradually as is clearly 
demonstrated on Fig. 1. and Fig. 2. for caraway samples. on 
the contrary, the signal intensity of both reference samples 
remains practically unchanged.

Detail evaluation of experimental spectra revealed the 
lowest stability of cellulosic radicals in laurel leaves (half life 
∼ 10 weeks) followed by carbohydrate radicals, which stabi-
lity ranged from 20 up to 60 weeks. these results are in good 
agreement with our previously published papers.5,9–11

ethanolic extracts of both reference spices revealed sig-
nificant ability to terminate •DPPh as well as aBtS•+ radi-
cals. as demonstrated on Fig. 3., it is only slightly influenced 
by the absorption of γ-radiation. results obtained moreover 
showed, that radical-scavenging ability of laurel leaves’ 
extracts is significantly higher than that of caraway; probably 
due to the differences in types and concentrations of polyphe-
nolic compounds.

uv-viS experiments proved, that radiation treatment 
resulted in significantly increased •DPPh radical-scavenging 
activity of bay leaves methanolic extracts. in addition, the 
tBarS value of caraway extracts, representing a measure of 
oxidative products concentration, was slightly increased. as 
a result of post-irradiation storage, a minor increase of ferric 
reducing power, •DPPh radical-scavenging ability as well as 
content of polyphenolic compounds of bay leaves extracts 
was noticed, whereas the tBarS values of both, caraway 
and bay leaves extracts, was somewhat reduced. 

Discriminant analysis of all variables obtained from uv-
viS experiments was used to differentiate the studied spices 
according to the absorbed dose. as depicted on Fig. 4., the 
effective discrimination was achieved only when non-irradi-
ated samples and samples treated by dose of 30 kGy were 
compared. using this approach, 93% correctness of caraway 
classification was found, influenced mostly by tBarS values 
and tPc content. in the case of bay leaves, 73% correct diff-
erentiation of non-irradiated sample from sample γ-irradiated 
at 30 kGy was found.
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Fig. 3.	 the	 dependence	 of	 relative	 aBts•+	 concentration	 on	
time	after	its	mixing	with	caraway	ethanolic	extracts	prepared	
from samples exposed to different doses of γ-radiation. Inset 
represents	the	structural	formula	of	aBts.	extracts	were	pre-
pared	2	days	after	the	irradiation.	pure	ethanol	was	used	as	refe-
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Fig. 4.	 Canonical	 discriminant	 analysis	 of	 non-irradiated	
caraway samples (C0) and of samples γ-irradiated at 30 kGy 
(C30).	 Characteristics	 obtained	 from	 uv-vis	 experiments	
(•dpph,	tBars,	Frp,	tpC)	immediately	after	the	irradiation	
and	during	 the	 storage	of	 samples	at	ambient	conditions	were	
used	as	variables



Chem. Listy, 102, s265–s1311 (2008) Food Chemistry & Biotechnology

s563

Conclusions
it was proved, that γ-irradiation of caraway and bay lea-

ves samples even at doses of 5 kGy and 10 kGy, respectively, 
is an efficient microbiological decontamination tool.

the consideration of γ-radiation impact on spices is a 
multi-component problem. as follows from results presented 
in this study, ePr spectroscopy represents a valuable dosi-
metric tool. in addition, the canonical discriminant analysis 
based on uv-viS characteristics of spices’ extracts can be 
effectively used for the differentiation of spices treated at hi-
gher doses of γ-radiation from the unaffected ones.

This work was supported by the Slovak Research and 
Development Agency under the contract No. LPP-0136-06 
(MP) and by the Research project of Ministry of Agriculture 
of the Slovak republic “Development of progressive methods 
and practices for continuous quality improvement in the pro-
cess of food production and monitoring” No. 08W0301 (MS). 
Johann Kotányi GmbH Vienna, Austria, is gratefully acknow-
ledged for spice samples provision and Dr. Jana Koreňová 
from Biocentrum Modra, Slovakia, for microbiological ana-
lysis performance.

rEFErEnCEs
 1. Grecz N., al-harity r., jaw r.: j. Food Saf. 7, 241 

(1986).
 2. thayer D. W., josephson e.S., Brynjolfsson a., Giddings 

G.G.: Radiation pasteurization of food. council for ag-
ricultural Science and technology caSt issue Paper 
No. 7. ames, iowa, uSa 1996. 

 3. coDeX StaN 106-1983: General standard for irradi-
ated foods.

 4. code of Federal regulations 21cFr179: irradiation in 
the production, processing and handling of food.

 5. Polovka M., Brezová v., Šimko P.: j. Food Nutr. res. 
46, 75 (2007).

 6. raffi j., Yordanov N. D., chabane S., Douifi L., Gan-
cheva v., ivanova S.: Spectrochim. acta a 56, 409 
(2000).

 7. Yordanov N. D., aleksieva K.: radiat. Phys. chem. 69, 
59 (2004).

 8. Korkmaz M., Polat M.: radiat. Phys. chem. 62, 411 
(2001).

 9. Suhaj M, rácová j., Polovka M., Brezová v.: Food 
Chem. 97, 696 (2006).

 10. Polovka M., Brezová v., Staško a., Mazúr M., Suhaj 
M., Šimko P: radiat. Phys. chem. 75, 309 (2006).

 11. horváthová j., Suhaj M., Polovka M., Brezová v., Šimko 
P.: czech j. Food Sci. 25, 131 (2007).

 12. Sádecká j., Polovka M.: j. Food Nutr. res. 47, 51 
(2008).

 13. Franco r. W. a., Martin-Neto L., Kato M. S. a., Fur-
lan G. r., Walder j. M. M., colnago L. a.: j. Food Sci. 
technol. 39, 395 (2004).

 14. iSo Standard 4833:2003: Microbiology of food and ani-
mal feeding stuffs – Horizontal method for the enume-
ration of microorganisms – Colony-count technique at 
30 °C.

 15. iSo Standard 4832:2006: Microbiology of food and ani-
mal feeding stuffs – Horizontal method for the enumera-
tion of coliforms – Colony-count technique.

 16. iSo Standard 7954:1987: Microbiology – General gui-
dance for enumeration of yeasts and moulds – Colony 
count technique at 25 °C.

 17. Pellegrini N., Simonetti P., Gardana c., Brenna o., 
Brighenti F., Pietta P.: j. agric. Food chem. 75, 339 
(2001).

 18. Staško a., Brezová v., Biskupič S., rapta P.: j. Food 
Nutr. res. 46, 145 (2007).

 19. Polovka M.: j. Food Nutr. res. 45, 1 (2006).
 20. Polovka M., Brezová v., Staško a.: Biophys. chem. 

106, 39 (2003).



Chem. Listy, 102, s265–s1311 (2008) Food Chemistry & Biotechnology

s564

l10	 appliCation	potential	oF	novel	gas	
Chromatography	high	throughput	
time-oF-Flight	mass	speCtrometery	
system	(tru	toF)	in	Food	and	
environmental	analysis

jaKuB SchůreK, jaNa PuLKraBová and Jana 
hajŠLová
Department of Food Chemistry and Analysis, Faculty of Food 
and Biochemical Technology, Institute of Chemical Techno-
logy, Technická 5, Praha 166 28, Czech Republic,
jakub.schurek@vscht.cz

introduction
in last years, analytical approaches employing gas chro-

matography coupled to time-of-flight mass spectrometry 
(Gc-toF MS) proved to be a useful tool in assessment of 
quality and safety of food1–4 and also environmental matri-
ces5. But only recently, at the end of 2007, new time-of-flight 
mass spectrometric (toF MS) detector specialy designed for 
high-throughput of samples, has been introduced. high th-
roughput is the key to increased profitability of the analyses, 
while obtaining faster results and optimization. the need for 
selected ion monitoring (SiM) operation and low dynamic 
range associated with traditional quadrupoles and ion traps 
may take time and money away from laboratory’s bottom-
line. the assessed instrument (Gc-ht toF MS) is combi-
ning fast acquisition mass spectrometer (80 hz) with specific 
data-mining algorithms. the aim of this benchtop instrumen-
tal set-up is to achieve the speed and resolution necessary 
to accomplish time-compressed chromatography. using 
such detector, sufficient data density is obtained to accurately 
characterize even the narrowest Gc peaks produced under 
conditions of fast chromatography separation. the acquisi-
tion of the full mass spectral information of the sample with 
comparable sensitivity as obtained by selected ion monitoring 
(SiM) mode with quadrupole or ion trap instruments makes 
feasible the application of a deconvolution algorithm obta-
ining pure mass spectra even for coeluting compounds and 
achieving reliable confirmation. consequently, trace level 
analysis of unknown sample components can be performed.

the schematic view of Gc-ht toF MS is shown in 
Figure 1. Within the mass spectrometer source, the filament 
continuously generates an electron beam. the Gc effluent 
is introduced into the source through a heated transfer line. 
electron ionization (ei) occurs as a result of interactions 
between an electron beam with an analyte molecule from the 
Gc effluent. chemical ionization (ci) occurs as a result of ei 
interactions between the electron beam with the ci reagent 
gas which creates charged reagent ions that ionize the analyte 
molecules from the Gc effluent. ions are pulsed from the ort-
hogonal accelerator at a nominal frequency of 20 khz. each 
pulse of ions into the flight tube results in a mass spectrum 
which is referred to as a transient. the transients are then 
summed to provide mass spectral acquisition rates up to 
80 spectra second–1. the focusing optics are used to direct 

ions through the system and ensure a high recovery of signal 
at the detector. Deflection optics are used to prevent unwanted 
signals, such as ions from a solvent front or unwanted bac-
kground ions generated by carrier gas or residual gas, and 
extend the life of the detector. the ions are pulsed into the 
flight tube with equal kinetic energies (K.e.  =  1/2 mv2).  
therefore, ions of varying mass-to-charge ratios will have 
different velocities as they move through the flight tube. 
Fragment ions with different velocities traveling over the 
same fixed distance will have different arrival times at the 
end of that distance (velocity  =  distance/time). Masses are 
resolved in time-of-flight mass spectrometers by the time 
each mass takes to reach the detector at the end of the flight 
path (time  =  constant x m1/2). For example, a mass of 100 mu 
will take approximately 15 microseconds to reach the detec-
tor while a mass of 1,000 mu will take 50 microseconds to 
travel the same distance.

in this work we aimed to evaluate new Gc-ht toF 
MS instrumentation in analysis of pesticides, pharmaceu-
ticals, poly-chlorinated biphenyls (PcBs) and poly-bromi-
nated dibenzo ethers (PBDes). the best Gc-MS settings has 
been optimized in order to obtaine fast and reliable analytical 
methods for routine control of purified extracts of different 
food-stuffs, or sediment, and water. appraisal of mentioned 
technique with respect to the cost and time demands was also 
done.

experimental
r e a g e n t s  a n d  m a t e r i a l

tested compounds (listed in table ii) with purity ran-
ging from 95 to 99 % were purchased from Dr. ehrenstor-
fer (augsburg, Germany) in case of pesticides and PcBs. 
PBDes and estrogenic pharmaceuticals were obtained from 
cambridge isotope Laboratories (ciL, uK). all solvents 
used within sample preparation (see table i) were of analy-
tical grade (Scharlau, Barcelona, Spain). Working solutions 
(concentration 1.25–250 µg dm–3) were prepared by series of 
dilutions of the stock solutions (10 mg dm–3) with appropriate 
solvent.

Fig. 1.	 schematic	diagram	of	gC-ht	toF	ms
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For optimization and validation purposes blank matrix 
(pork fat, apple based baby food) was chosen. Sewage water 
was obtained from local water treatment facility (Prague) and 
sediment was sampled at Podoli site (river vltava).

S a m p l e  a n a l y s i s
Different sample preparation procedures for each ana-

lytes group were applied.6–9 their brief overwiev can found 
in table i. the Gc-ht toF MS system consisted of a hP 
6890 (agilent technologies, Palo alto, ca, uSa) gas chro-
matograph with split-splitless injector (or agilent Ptv inlet) 
and Leco trutoF™ ht time-of-flight mass spectrome-
ter (Leco, St joseph, Mi, uSa). the detector operated in 
electron impact ionisation mode (ei) or positive chemical 
ionization mode (ci+). Gc-toF MS was performed using 
set-up and conditions summarized also in table i.

results
F a s t  a n a l y s i s  a n d  S p e c t r a l 
D e c o n v o l u t i o n

to demonstrate the application potential of trutoF 
ht system and chromatoF software for detection/identi-
fication, selected contaminats and residues were analyzed 
under optimized conditions shown in previous chapter. all of 
the analyzed sample has been processed by automated peak 
finding and deconvolution function. Within peak finding, 
the chroma toF software automatically detects peaks at 
all acquired single masses (m/z 35–650 in our work) above 
certain signal-to-noise level (S/N  =  25 was used in the given 
cases). after that, deconvolution alghoritm mathematically 
separates mass spectra of chromatographically coeluted com-
pounds. Deconvoluted spectra are then compared to NiSt 

library and the identification is performed automatically. as 
the example Fig. 2. shows the Deconvoluted total ion chro-
matogram (Dtic) for matrix matched standard (25 µg dm–3). 
Due to rapid analysis (fast temperature programming rate 
45 °c), several coelutions occured (see Fig. 2.a). Success-
ful spectral deconvolution followed by positive identification 
of overlapping chromatographic peaks have been enabled 
by data acquisition rate of 15 hz offered by the tru toF  
(see Fig 2.B–c). althought, within all tested analytes groups 
and matrices certain coelutions occured, the quantification 

table i
Sample preparation and Gc-ht toF MS instrumental set-up

 instrumental analytes group
 set-up Pesticides PcBs PBDes Pharmaceuticals
  (baby food) (fat) (sewage water) (river sediment)
 

Sample

 
ethyl acetate extraction

 Soxhlet extraction of Filtration of water followed 
hexane:acetone (1 : 1, 

preparation

 
of baby food followed

 adipose tissue using by microextraction in 
v : v) extraction followed  

by hPGPc clean-up.6
 hexane:dichlormethane packed siringe 

by SPe clean-up.9   (1 : 1, v : v) followed by  (MEPS, C-18).8
   hPGPc clean-up.7
  injection: splitless 1 µl, injection: pulse splitless injection: Ptv, 10 µl, injection: pulse splitless
  250 °c 1 µl, 250 °c, 1.5 min 50 °c (2 min) 400 °c min–1 1 µl, 250 °c, 2 min
  column: forte BPX-5 at 50 p.s.i. to 300 °c at 90 p.s.i.
  (40 m × 0.18 mm × column: forte BPX-5 column: DB-XLB column: forte BPX-5
 gC 0.18 μm) temperature (30 m × 0.25 mm × (15 m × 0.25 mm × (30 m × 0.25 mm ×
  programming: 70 °c 0.25 µm) temperature 0.1 µm) temperature 0.25 µm) temperature
  (1 min), 45 °c min–1  programming: 80 °c programming: 80 °c programming: 80 °c
  to 300 °c (3 min) (1.5 min) 45° c min–1 (2 min) 50 °c min–1 (2 min) 55 °c min–1

  column flow: 1 ml min–1 to 340 °C (6 min) to 320 °c (4 min) to 330 °c (5 min)
   Column flow: 1 ml min–1 column flow: 1.5 ml min–1 column flow: 2 ml min–1

 toF MS Detector voltage: 1,750 v Detector voltage: 1,875 v Detector voltage: 1,800 v Detector voltage: 1,875 v
  time of analysis: 10 min time of analysis: 14 min time of analysis: 11 min  time of analysis: 12 min

Fig. 2.	 gC-ht	toF	ms	analysis	of	matrixe	match	standard	of	
pesticides	at	 25	µg	dm–3(apple	based	baby	 food).	 (a)	deconvo-
luted	tiC	chromatogram.	measured	mass	spectrum	(upper	line)	
of	Fenthion	(B),	Chlorpyrifos	(C)	and	parathion	(d)	along	with	
respective	nist	library	hits	(bottom	line)
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of target compouds was possible using peak abundancies of 
deconvoluted peaks at their particular uniqu masses.

M e t h o d s  P e r f o r m a n c e 
C h a r a c t e r i s t i c s

relevant performance characteristics of the analytical 
methods (repeatability, LoD/LoQ and linearity) were tested 
on spiked samples in three replicates. as long as this work 
was mainly focused at the final determinative step of the 
whole analytical process, issues associated with sample pre-
paration (such as recoveries) were not discussed. the results 
are summarized in table ii.

the limits of detection (LoD), were defined as the 
lowest detectable concentration (S/N ≥ 3). the limits of quan-
tification (LoQ) were estimated as a lowes calibration level 
(LCL).

a n a l y s i s  o f  r e a l - l i f e  S a m p l e s
the ability of the presented technique to determine tar-

get analytes in real life samples was tested at various food 
extracts (for pesticides, PcBs) and water samples (for PB-
dEs). 

as the example, case of PDBes in sewage water is pre-
sented. it should be noted that the trace level target analysis 
as well as analysis of unknown sample components could be 
facilitated when working with toF mass spectrometers due 
to their excellent confirmation power.10 the identification of 
BDe-28 is documented in Fig. 3. Full mass spectrum obtai-
ned as a result of electron ionization (70 ev) was obtained 
after automatic spectral deconvolution. this fact proved, that 
coupling MePS with Ptv-Gc toF MS would express good 
potential for quantification of BFrs at their native concent-
ration range (100–101 ng dm–3) in releases of a waste water 
treatment plant effluent or sewage water.11,12 Moreover, such 
results showed new possible concepts in rapid water analy-
sis by employing microextraction in packed sirynge (MePS) 
coupled to Ptv-Gc toF MS. this approach minimizes sam-
ple handling and reduces time/cost of measurement.

Conclusions
this study briefly described a relatively fast separa-

tion for analysis of different microcontaminants in food 
and environmental samples. high-speed temperature pro-
gramming significantly reduced the overall analysis time 
as compared to traditional methods. Detection by toF MS 
gives all of the sensitivity needed in order to identify trace 
level components while at the same time providing the data 
density needed to define narrow Gc peaks and deconvolute 
overlapping peaks. 

Further tests will be facilitated in order to create ultra fast 
multimethod for simultaneous detection of wide spectrum of 
contaminants by Gc-ht toF MS. the hyphenation of this 

table ii
Method performance characteristics of selected analytes in 
various food matrices analyzed by Gc-ht toF MS. LoQs 
were estimated in purified matrix extracts or in water (for 
BPDes). repeatability (rSD) was measured at 25 µg dm–3

 compound Linearity LoQ rSD
  (r2) [µg dm–3] (n  =3  , [%])
 Pesticides in baby food
 hcB 0.9991 2.5 2
 DDt 0.9994 5 5
 DDe 0.9981 5 7
 DDD 0.9980 5 9
 lindan 0.9995 2.5 4
 endrin 0.9993 5 4
 chlorpiryfos 0.9975 5 6
 heptachlor 0.9972 5 8
 PcBs in pork fat
 PcB 28 0.9983 2.5 5
 PcB 52 0.9963 5 9
 PcB 101 0.9955 5 6
 PcB 118 0.9959 5 10
 PcB 138 0.9960 5 5
 PcB 153 0.9942 10 12
 PBDes in water
 BDe-28 0.9987 0.005 2
 BDe-47 0.9954 0.001 4
 BDe-66 0.9891 0.025 3
 BDe-85 0.9930 0.010 4
 BDe-99 0.9912 0.010 5
 BDe-153 0.9854 0.025 7
 BDe-183 0.9900 0.050 12
 Pharmaceuticals in sediment
ethinylestradiol 0.9880 5 6
 Dienestrol 0.9947 5 4
 Diethylstilbestrol 0.9962 5 3

Fig. 3.	 meps-gC	toF	ms	analysis	 of	 sewage	water	 sample.	
(a)	 tiC	 chromatogram	 of	 sewage	 water.	 (B)	 zoomed	 part	 of	
chromatogram	–	masses	406	+	408	are	displayed.(C)	measured	
mass	spectrum	of	natively	present	Bde-28
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technique to microextraction sample preparations (MePS, 
SPMe) is the possible option to enlarge spectrum of ht toF 
MS applications.

This work was realized with kind support of LECO 
Instrumente Plzeň s.r.o.
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introduction
Polychlorinated biphenyls (PcBs) are a group of 209 

man-made organic chemicals containing carbon, hydrogen 
and differing amounts of chlorine. the commercial produ-
ction of PcBs started in 1929 but their use had been banned 
or severely restricted in many countries since the 1970s and 
80s because of serious risks to human health and the environ-
ment. PcBs have been used in a wide range of products such 
as plastics, paints, and adhesives. Since PcBs are resistant 
to acids and bases as well as to heat, they have mainly been 
used in electric equipment as heat transfer fluids, or lubri-
cants, respectively. Disposal of waste that contains PcBs in 
landfills or incinerators can lead to environmental contami-
nation. PcBs were first detected in environmental samples 
in 19661. PcBs can persist in the environment and accumu-
late in animals and along the food-chain. a human organism 
may be exposed to PcBs by ingestion of contaminated food 
and water, or inhaling contaminated air. PcBs have been 
shown to cause cancer and a number of serious non-cancer 
health effects in animals, including effects on the immune 
system, reproductive system, nervous system, endocrine 
system, more frequent infections, and changes of the skin, 
particularly rashes and chloracne. their harmful effects to 
man and the environment are well documented in a number 
of reviews.2–7 therefore, the elimination of PcBs from foods 
and the environment is important. adsorption of organic con-
taminants on plastic packaging materials is a promising way 
of decreasing levels of organic contaminants in foods.8–13 
For example, on the basis of interactions with plastic pac-
kage, the concentrations of polycyclic aromatic hydrocar-
bons (Pahs) in a liquid smoke flavour stored in low density 
polyethylene (LDPe) bottles were lowered by two orders 
during 14 days8. the rate-limiting step was diffusion in the 
liquid media14. Pahs were primarily adsorbed on the LDPe 
surface, with migration into the bulk of the polymer, intensi-
fing the effectiveness of the removal process15. this process 
is also effective for removal of Pahs from solid media, e.g. 
benzo[a]pyrene content in duck meat was lowered by 75 % 
after 24 hours of interaction with LDPe16. the ability of 
polyethylene terephtalate (Pet) to decrease Pah concentra-

tions in polar and non-polar liquid media has already been 
unambiguously proven9. however, the removal was limited 
only to surface adsorption which led to equilibrium between 
liquid and solid phase. Moreover, this process was also af-
fected by other compounds (vitamins, synthetic antioxidants, 
fytosterols, etc.) present in such liquid media as vegetable 
oils12. the aim of this work was to study the possibilities of 
PcB removal from water and rapeseed oil by adsorption onto 
Pet and polystyrene (PS) receptacles.

experimental
P e t  r e c e p t a c l e s

in the experiment, pre-bubbled Pet receptacles of cylin-
drical shape with i.d. of 21.4 mm and height 150 mm were 
used. the receptacles were provided by Palma-tumys. the 
company uses them for oil and fruit syrup packaging after 
blowing to volume of 2 dm3.

P S  r e c e p t a c l e s
PS tubes with i.d. of 23 mm and height 120 mm were 

supplied by Čechvalab (Bratislava, Slovakia).

P c B
PcB congeners (PcB 28 – 2,4,4’-trichlorbiphenyl;  

PcB 52 – 2,2’,5,5’-tetrachlorbiphenyl; PcB 101 – 2,2’,4,5,5’- 
pentachlorbiphenyl; PcB 103 – 2,2’,4,5’,6-pentachlorbiphe-
nyl; PcB 138 – 2,2’,3,4,4’,5’-hexachlorbiphenyl; PcB 153 
– 2,2’,4,4’,5,5’-hexachlorbiphenyl; PcB 174 – 2,2’,3,3’,4,5,6’ 
-heptachlorbiphenyl; PcB 180 – 2,2’,3,4,4’,5,5’-heptachlor-
biphenyl) were purchased from LaBService (Spišská Nová 
ves, Slovakia) each with the concentration of 100 µg ml–1 

in hexane.

S o l v e n t s
hexane of analytical grade was purchased from Merck, 

Darmstadt, Germany. the solvents were rectified just before 
use in a distillation apparatus.

o t h e r  C h e m i c a l s  a n d  m a t e r i a l s
anhydrous Na2so4, was also purchased from Merck.

e x p e r i m e n t
Distilled water was spiked with six PcB congeners solu-

tions diluted in acetone to obtain final concentration in water 
between 1–7 μg dm–3. then the water was heated to 40 °c for 
1 hour and occasionally shaken to evaporate residual acetone. 
after cooling to 19 °c, the water was sampled for initial PcB 
concentration. then the Pet and PS receptacles were filled 
with the spiked water and placed into a polystyrene box to 
protect them from light and to keep constant temperature of 
19.2 °c. the temperature was monitored and recorded by a 
thermometer (thermoScan, BDv, mesto, Netherlands). the 
samples for analysis were taken after 1; 3; 5; 7; 11; 24; 72 h. 
to maintain the same conditions, a new set of receptacles was 
taken for each analysis.
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S a m p l e  P r e p a r a t i o n
5 ml of water were extracted with hexane four times. 

hexane layers were combined, dried with anhydrous Na2so4 
and evaporated until nearly dry. remaining solvent was eva-
porated at room temperature just before analysis. the resi-
duum was dissolved in a known volume of standard solution 
of PcB-103 and analysed by Gc.

g C  a n a l y s i s
analysis were performed on gas chromatograph agilent 

technologies 6890N equipped with electron capture detec-
tor using capillary Gc column DB-5, 60 m × 0.25 mm (i.d.), 
0.25 µm film thickness (purchased from j&W Scientific, Fol-
som, california, uSa) using splitless technique with tempe-
rature program as follows: isothermal at 110 °c for 1.5 min., 
then temperature elevation to 200 °c at 30 °c min–1, hold for 
0.2 min, then temperature elevation to 300 °c at 2.5 °c min–1.  
helium was used as carrier gas with a constant flow rate of 
0.8 ml min–1.

results
at experiments the concentration of PcBs started to 

decrease immediately after filling the receptacles in both sys-
tems studied as seen from Figs. 1 and 2. 

the observed dependences of PcBs concentration vs. 
time were modelled using the kinetic equation (1), which has 
been derived for the diffusion of Pahs in non-stirred liquids 
placed into cylindrically shaped receptacles9:

where c0 is the initial concentration of PcBs in water, ct is 
the concentration of PcBs in the medium at time t, and c∞ 
is the concentration of PcBs corresponding to infinite time 
(equilibrium), a is the radius of the cylinder, αn are the roots 

of the zero-order first-kind Bessel function and D is the diff-
usion coefficient of PcB in water. the parameters c∞, c0– c∞ 
and D were identified by the non-linear least squares method 
by minimizing the sum of squares of differences between 
the PcB concentrations measured experimentally and those 
calculated by equation (1). the values of identified parame-
ters are listed in Skláršová et al.17.

the extent of PcBs removal can be characterized by the 
distribution coefficient expressed by the formula:

the higher is the value of β, the greater part of PcBs 
is removed from water after reaching the equilibrium. the 
values of β are listed in Skláršová et al.17. the values of β for 
PS are much higher than the corresponding values for Pet. 
this implies a much higher affinity of PcBs to PS in compa-
rison with Pet. 

For understanding the sorption process, it is useful to 
quantify the ratio of the“total PcBs area” to the contact area 
of the plastic receptacles. the surface areas S of the molecules 
of the congeners were calculated using the Savol program 
(tripos, St. Louis, Missouri, uSa) and are summarised in 
Skláršová et al.17. the number of PcB molecules adsorbed 
on the polymer surfaces was calculated from the differen-
ces between the initial and the equilibrium concentrations of 
PcBs in water. the following formula gives c, the coverage 
of the plastic surface by the PcB monolayer:

( )0

2
AN a c c S

C
M

∞−
= , (3)

where M is the molar mass of the PcB, Na is the avoga-
dro number. the results showed that the total area composed 
from partial PcB areas adsorbed onto Pet is equal to 30.2 % 

Fig. 1.	 Changes	in	pCB	concentration	in	water	stored	in	pet	
receptacles	 (experimentally	obtained	data	compared	with	data	
calculated	using	the	kinetic	equation	of	adsorption1)
(♦) – PCB 28 cexp, (░) – PCB 28 ccald, (▲) – PCB 52 cexp, (▒) PCB 
52	ccald, (○) –PCB 101 cexp,	(—	–	–)	–	pCB	101	ccald, (∆) – PCB 138 
cexp,	(-	)	–	pCB	138	ccald, (□) – PCB 153 cexp, (─ ─) – PCB 153 ccald,	
(■) – PCB 180 cexp, (──) – PCB 180 ccald

Fig. 2.	 Changes	 in	 pCB	 concentration	 in	 water	 stored	 in	 ps	
receptacles	 (experimentally	obtained	data	compared	with	data	
calculated	using	the	kinetic	equation	of	adsorption1).
(♦) – PCB 28 cexp, (░) – PCB 28 ccald, (▲) – PCB 52 cexp, (▒) PCB 
52	ccald, (○) –PCB 101 cexp,	(—	–	–)	–	pCB	101	ccald, (∆) – PCB 138 
cexp,	(-)	–	pCB	138	ccald, (□) – PCB 153 cexp, (─ ─) – PCB 153 ccald,	
(■) – PCB 180 cexp, (──) – PCB 180 ccald

, (1)

. (2)
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of the total Pet area, while the total area adsorbed onto PS 
from water is equal to 50.7 %. these values indicate that the 
PcBs removal from water could be classified as monomo-
lecular adsorption on the plastic surfaces. the values of PcB 
diffusion coefficients in water, calculated from equation (1) 
for both experimental systems are not very different which 
indicates that the same physicochemical processes take place 
in the PcB removal process from water. the curves of PcBs 
concentration vs. time are subject to measurement uncertain-
ties that propagate into the values of D.

Conclusions
the results and findings of this work lead to the fol-

lowing conclusions:
the PcB concentration in the water filled into Pet and 
PS receptacles decreases due to adsoption of PcBs onto 
the surface of plastics.
the interaction PcB – plastics can be classified as a 
monomolecular adsorption of PcBs on the polymer sur-
face so that it can be expected that the adsorption equili-
brium will obey the Langmuir isotherm.
the values of diffusion coefficients obtained enable to 
predict the rate of PcB elimination at any time of the 
interaction; the values of the distribution coefficients 
characterize the extent of the PcBs removal. 
although both polymers are suitable for PcB removal, 
PS is far more effective in comparison with Pet.

This work was supported by the Science and Technology 
Assistance Agency of Slovak Republic under the contract No. 
APVT-27-002204.
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introduction
Mycotoxins, secondary metabolites of microscopic fila-

mentary fungi, are compounds generally considered to be very 
toxic. their occurrence in agricultural commodities repre-
sents a major health concern for humans and animals. one 
of the most important fungi genera, that produce mycotoxins, 
is Fusarium. Fusarium species are able to produce lots of 
structurally different mycotoxins including trichothecenes, 
zearalenones and fumonisins. trichothecenes are a group of 
tetracyclic seskviterpene alcohols and can be divided into two 
groups: type a and type B (they differ from each others in the 
existence of ketone at c8 in trichothecene type B molecule). 
the main representatives of type a trichothecenes include 
e.g. t-2 toxin, ht-2 toxin, diacetoscirpenol, 15-acetoscirpe-
nol and neosolaniol. the most important naturally occurring 
type B trichothecenes is deoxynivalenol representing the 
most abundant trichothecene found in cereals, followed by 
15 acetyldeoxynivalenol, 3-acetyldeoxynivalenol, nivalenol 
and fusarenone-X. other mycotoxins belonging to the genus 
Fusarium are fumonisins (esters of 20-carbone backbone and 
two tricarballylic acids) and zearalenone (substituted lacton 
of resorcyclic acid).1–3 Beside free mycotoxins, the existence 
of mycotoxin conjugates, toxins bound to more polar com-
pounds like glucose, which originate as a result of mycotoxins 
metabolism by plants, was proved4,5. Deoxynivalenol-3-glu-
coside (DoN-3-Glc) was found to be dominating6.

Because of relatively high incidence of mycotoxins, 
there is an urgent need for effective monitoring of these com-
pounds in foodstuffs. over the past 15 years, a great progress 
in mycotoxins analysis area has been made. Sampling contri-
butes to the largest variability in the analysis of mycotoxins , 
thus, obtaining of a representative sample represents a crucial 
step. Sampling strategies of agricultural commodities within 
mycotoxin analysis are defined by the european legislation 
ec/401/2006.7–9

there are various criteria typically considered when 
analytical method is developed. Not only the overall cost, but 
also other factors such as speed of the analysis, level of tech-
nical skills of an analyst, and the type of results provided by 
the method (qualitative or also quantitative) need to be balan-
ced and the relative importance of each criterion evaluated. 
especially for multidetection methods, when a large number 
of mycotoxins possessing a wide range of physicochemical 
properties considered, a compromise between the factors 
mentioned above is usually needed.8–10

the first step in multimycotoxin analysis includes the 
isolation of particular analytes. the extraction should per-
form a compromise between the solvent strength required for 
the transfer of analytes from the matrix to the solution and the 
compatibility of solvent with further analytical process. an 
acetonitrile – water (84 : 16, v/v) mixture is commonly used 
providing sufficient recoveries, and simultaneously minimi-
ses number of co-extracted matrix compounds. additionally, 
this solvent mixture represents an azeotropic composition 
and thereby its evaporation within further sample preparation 
procedure is facilitated11.

once the sample extract is obtained, the clean-up step 
should be performed to remove impurities potentially inter-
fering during the determination step. Beside this, the clean-
up procedure helps to concentrate the mycotoxins prior to 
their analysis; especially immunoaffinity columns based on 
specific immunochemical reaction of analyte and antibody 
present in the cartridge are very convenient for this purpose. 
the specificity of immunoaffinity clean-up for only one tar-
get mycotoxin or class of mycotoxins can be in some respect 
a limiting factor, particularly in the case of multimycotoxin 
analysis9,12. however, multimycotoxin immunoaffinity 
clean-up cartridges specific to a wide range of analytes are 
already available13,14. additionally, common SPe approaches 
representing by e.g. MycoSep columns are also widely used. 
the main advantage of MycoSep clean-up is the speed of 
procedure: no time-consuming rinsing steps as in the case of 
immunoaffinity and/or other SPe clean-up are required.15–17 

the final step of the analytical procedure is the deter-
minative step. Nowadays, reference methods for mycotoxins 
determination involve almost exclusively liquid chroma-
tography coupled to tandem mass spectrometry (Lc-MS/
MS), which provide both selectivity and sensitivity of the 
detection.7–9 there are no limitations in sample prepara-
tion such as derivatisation step, which is needed within 
the gas chromatographic approaches Gc-ecD or Gc-MS 
(Note: derivatisation of hydroxyl groups in order to attain 
the volatility is typically performed using heptafluorobuty-
limidazole or trimethylsilylether).18–20 a challenging option 
in the field of Lc-MS analysis is the use of high-resolution 
system Lc-toFMS, which provides a feasible tool for non 
target masked mycotoxin screening.

Beside classical confirmatory chromatographic methods 
mentioned above, there are also methods based on immuno-
logical assays. especially eLiSa as rapid quantitative tools 
for mycotoxin analysis is very suitable. however, possible 
overestimation of results caused by cross-reactions with 
compounds similar to target analytes could be a limitation of 
this approach.7– 9,17

in the following text, three different analytical appro-
aches are discussed. Firstly, performance characteristics of 
Gc-ecD and Lc-MS/MS methods are compared. Secondly, 
results obtained by means of two commercial eLiSa assays 
and reference Lc-MS/MS method are introduced. a proof of 
eLiSa capability in terms of its cross-reaction potential is 
presented.
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experimental
m a t e r i a l s  a n d  m e t h o d s

Standards of mycotoxins nivalenol (Niv), deoxyniva-
lenol (DoN), deoxynivalenole-3-glucoside (DoN-3-Glc), 
3-acetyldeoxynivalenol (3-aDoN), 15-acetyldeoxyniva-
lenol (15-aDoN), fusarenone-X (fus-X), t-2 toxin (t-2), 
ht-2 toxin (ht-2) and zearalenone (zea) were purchased 
from Biopure (tulln, austria). a Synergi hydro rP column 
(Phenomenex, torrance, ca, uSa), a liquid chromatograph 
hP1100 Binary Series Lc system (agilent technologies, 
Palo alto, ca, uSa) coupled to an ion trap mass analyser 
LcQ Deca (Finnigan, San jose, ca, uSa) were employed 
for Lc separation and MS/MS detection. For Gc–ecD 
method, a gas chromatograf hP 5890 Series ii with an 
electron capture detector (63Ni) and a capillary column hP-
35 (30 m × 0,25 mm i.D. × 0,25 μm phase) with (35%-fenyl)-
methylpolysiloxan stationary phase (agilent technologies, 
Palo alto, ca, uSa) were used. For eLiSa analysis, two 
commercial available DoN kits, i.e. ridascreen® don (r-
Biopharm, Darmstadt, Germany) and agraQuant® don 
assay 0.25/5.0 test Kit (romer Labs, tulln, austria), were 
purchased.

GC-ECD method: an amount of 10 g of homogenised 
ground sample was extracted by shaking with 100 mL of an 
acetonitrile–water mixture (84 : 16, v/v) for one hour and 
extract was filtered (Filtrak No. 390, veB Freiberger, Berlin, 
Germany). the crude extract was passed through MycoSep™ 
#225 and four millilitres of cleaned extract was evaporated. 
residue after evaporation was redissolved in methanol, 
transferred into the derivatisation vial, and after methanol 
evaporation using a gentle stream of nitrogen, derivatisation 
for 20 min at 60 °c using 100 μl trifluoracetanhydride with 
addition of 10 mg Nahco3 was performed. Further, 500 μl 
of isooctane, 1 ml of deionised water and 0.5 g of anhydrous 
sodium sulphate was added followed by removing of 300 µl 
of the organic layer and addition of 200 μl of isooctane to the 
vial for Gc–ecD analysis.

LC-MS/MS method: an amount of 12.5 g of homoge-
nised ground sample was extracted by shaking with 50 mL 
of an acetonitrile–water mixture (84 : 16, v/v) for one hour 
and the crude extract was filtered (Filtrak No. 390, veB Frei-
berger, Berlin, Germany). eight millilitres of filtered extract 
were passed through the MycoSep™ #226 column and four 
millilitres of filtered extract were evaporated to dryness and 
dissolved in 1 mL of a water–methanol mixture (50 : 50, v/v). 
Finally, the sample was passed through a 0.2 µm microfilter 
(alltech, Deerfield, iL, uSa) prior to analysis.

ELISA: in case of immunochemical assays, both sam-
ple preparation and the eLiSa analysis itself were carried 
out strictly according to manufacturer recommendations. an 
amount of 20 g of ground sample was extracted with 100 ml 
of deionised water and vigorously shaken for 3 minutes. Fur-
ther, the extract was filtered and an appropriate aliquot was 
placed into the microwell.

g C - E C d  v s .  L c - M S / M S
using the previously used Gc–ecD method, Niv, 

DoN, FuS-X, 3-aDoN, 15-aDoN, ht-2 and t-2 were 
analysed within a single run. recoveries 68–97% and rela-
tive standard deviations (rSDs) ≤ 16 % were obtained for 
all of analytes analysed. as regards Lc–MS/MS method, 
the scope of target analytes has been extended for zea and 
“masked” mycotoxin DoN-3-Glc. recoveries of Lc-MS/MS 

Fig. 1.	 Correlation	of	the	results	of	wheat	samples	obtained	by	
lC–ms/ms	and	gC–eCd	methods	for	a)	niv	b)	don.

Fig. 2.	 don	content	in	reference	materials	measured	by	lC–
ms/ms	and	two	types	of	commercial	elisa	kits.
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ranged between 76–95 % with exception of Niv and DoN-
3-Glc, where recoveries were somewhat lower (approx. 
65 and 43 %, respectively). the low recoveries of Niv and 
DoN-3-Glc can be contributed to their partial adsorption 
onto the polar MycoSep™ #226 column cartridge. in spite of 
somewhat recoveries for Niv and DoN-3-Glc, the rSDs of 
Lc-MS/MS method were ≤ 10%.

the detection limits (LoDs) were 2–10 times lower for 
Lc-MS/MS compared to Gc-ecD. in addition, for t-2, the 
LoD decreased even less (from 130 to 1 ng g–1) by employing 
Lc-MS/MS procedure. 

With respect to our effort to increase the DoN-3-Glc 
recovery, the Lc-MS/MS analytical procedure was per-
formed without MycoSep clean-up step. although the LoDs 
of Lc-MS/MS method were approximately 5 times higher 
compared to Lc-MS/MS method with MycoSep™ #226 
clean-up. , the recovery of Niv and DoN-3-Glc increased to 
78 and 89 %, respectively. Since a higher amount of matrix 
components is introduced to the MS system (causing the ioni-
sation suppression in eSi ion source), it is important to use 
for quantification purposes the matrix-matched standards to 
avoid quantification errors.

For comparison purposes, the data obtained by Gc-ecD 
(with MycoSep™ #225 clean-up) and Lc–MS/MS methods 
(with MycoSep™ #226 clean-up), a set of 25 naturally con-
taminated wheat samples has been analysed. With regard to 
low incidence of other mycotoxins than DoN and Niv in 
the investigated samples, correlation of results was carried 
out for these two analytes only (see Fig. 1.). as shown in 
Fig. 1.a, Gc-ecD method provided systematically underes-
timated results for Niv compared to Lc-MS/MS. this phe-
nomenon can be explained by decomposition of Niv during 
derivatisation18. For DoN, acceptable correlation between 
Gc-ecD and Lc-MS/MS results was achieved (except of 
five outliers). Discrepancies between the results presumably 
lies also in the crucial derivatisation step21,22.

E L i s a  v s .  L c - M S / M S
once the immunochemical assay was performed, com-

parison with results obtained by Lc-MS/MS was accom-
plished. We should note that Lc-MS/MS analyses were 
performed without MycoSep clean-up to avoid the discrimi-
nation of DoN-3-Glc caused by its trapping on MycoSep car-
tridges). as shown in Fig. 2., the results obtained by eLiSa 
(ridascreen) are comparable to that of Lc-MS/MS (Note: 
total DoN content calculated from DoN-3-Glc and acetylated 
DoNs contribution is considered). Whereas agraQuant kit 
provided overestimated results compared to Lc-MS/MS 
(overestimation 49, 46 and 69 % for if total DoN obtained 
by Lc-MS/MS is considered 100 %). this trend could be 
explained by cross-reaction of kit antibodies with matrix 
components and/or with other DoN conjugates. Similar phe-
nomenon was observed during the analysis of beer samples 
by agraQuant eLiSa kit (overestimation compared to total 
DoN determined by Lc-MS/MS was up to 600 %)23.

Conclusions
Different analytical strategies for sample preparation and 

instrumental analysis for the determination of mycotoxins 
were investigated. the choice of method used depends on 
various factors such as overall cost, detection level required, 
complexity of matrix and available instrumentation. obtai-
ned results differed by method used, which was demonstrated 
especially for DoN and partially also for Niv. For Gc-ecD, 
derivatisation step was shown to the most critical part of 
the method; losses of analytes were demonstrated compare 
to Lc-MS/MS approach. as regards eLiSa assays (deter-
mination of DoN), they tended to overestimate the results 
compare to Lc-MS/MS method. We hypothesis that this can 
be partially explained by the cross-reactivity to DoN conju-
gates (acetylated DoNs and DoN-3-Glc shown in our recent 
study)23, however further research is needed to fully explain 
this phenomenon.

This study was undertaken within the project MSM 
6046137305 supported by the Ministry of Education, Youth 
and Sport of the Czech Republic.
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Introduction
β-carotene is the most well known of the carotenoids, 

a phytonutrients family that represents one most of the wi-
despread groups of naturally occurring pigments. Steenbock 
suggested that the plant pigment carotene was responsible for 
the vitamin a activity and that carotene could not be vitamin 
a, it may be converted metobolitically to the actual vitamin in 
the 19191. β-carotene consists of a chain of 40 carbon atoms, 
with conjugated double bonds and a ring structure at each 
end of the chain. Depending on the positions of the molecular 
groups attached to the carbon chain, naturally occurring beta 
carotene may be: cis-trans and all trans isomers. the most 
common carotenoid in all green plants is β-carotene. animal 
and our body cannot synthesis β-carotene and they depend on 
feed for their supply. There are many studies showing β-caro-
tene can show role of antioxidant potency. also several stu-
dies have been focused on the content of β-carotene in food 
products, food supplements and biological fluids.2–4

one of the vitamin supplement package products is 
gelatin capsule. gelatin capsule has a very rapid dissolution 
property, usually 90 seconds in water at 37 °C. So, this pro-
tein is a very useful raw material for emulsifier in food, phar-
maceutical and others products. Previous studies show that 
gelatin is used as a carrier, coating or separating agent for 
other substances. Supplemental intake of β-carotene probably 
should not exceed 3–15 mg per day. β-carotene supplements 
are found on the Generally recognized as Safe (GraS) list 
issued by the Food and Drug administration. 

The purpose of this study was to find new method for 
determination of β-carotene and isolation process, of course. 

Experimental
High-performance liquid chromatography is generally 

accepted as the modern method of choice to separate, iden-
tify, and quantify caroteniods. Specially, it combined with 
ECD, Uv-vIS and fluorescence detector are the common 
method for determination and identification of β-carotene in 
vegetables and other samples.

C h e m i c a l s  a n d  m a t e r i a l s
β-carotene was obtained from personal prepared tablet 

materials (at TBU in Zlin). methanol (purity: 99.8 %), ace-
tonitrile (purity: 99.9 %) were obtained from merck KGa 
(Darmstadt, Germany). Phosphoric acid (purity: 85 %) was 

obtained from Chemapol (Prague, Czech republic). all sol-
vents were of HPLC grade. Deionized water, purified by aqua 
osmotic system (aquaosmotic, Tisnov, Czech republic) was 
used for solve sample preparation stages. Hexan (purity: 
99.9 %) was obtained from Penta (Prague, Czech republic), 
was used in extraction of sample. Ethanol was obtained from 
Chemapol (Prague, Czech republic), used to solve sample 
after evaporation.

E q u i p m e n t  a n d  C h r o m a t o g r a p h i c 
C o n d i t i o n s

HPLC separation was performed using HPLC with ECD 
detection (Coulochem III, ESa). Potentials of the cells for 
detector were 500 and 600 mv.

β-carotene was separated on the Supelcosil LC18 DB 
(250 × 4.6 mm,5 μm) with a mobile phase of methanol/aceto-
nitrile/phosphoric acid (70 : 29.5 : 0.5, v/v/v) at a flow rate of 
1.1 ml min–1. The separation was carried out ambient tempe-
rature. In this experiment we used isocratic elution.

S a m p l e  P r e p a r a t i o n
Filling from gelatin capsule was dissolved into 10 ml 

of deionized water and after that extracted using 10 ml of 
n-Hexan solution and extraction process was repeat six times. 
after extraction, sample solution was evaporated to dryness 
in rotary evaporator at 35–40 °C. after evaporation, the resi-
due was dissolved in 10 ml of ethanol and was filtered trough 
0.45 μm filter (Nylon) before injected into column. Sample 
(20 μl) was injected into a column that has been equilibrated 
with solvent mixture of mobile phase.

Results
The total carotenoid content of the tested gelatin capsule 

of vitamin supplement (β-carotene, extract from blueberries) 
was 6 mg (Table I).

Table I
β-carotene content in the gelatin capsules

 Name Weight β-Carotene Extraction of 
  [g] [mg] blueberries [mg]
  0.3156 6 150

Fig. 1.	 Calibration	curve	of	β-Carotene
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Standard curve of β-carotene are shown in Fig. 1. We 
prepared standard solution from 25 µg ml–1 to 400 µg ml–1 for 
construction of a standard curve in our study. 

We were interested to quantification of real value of 
β-Carotene in oil matrix gelatin capsule vitamin supplement. 
We were conducting extraction process at water bath at 30 °C 
for 2 min and at ambient temperature. The samples were 
completely extracted 6 times after 30 minute extraction using 
n-hexane.

Peak 3 were positively identified like β-carotene. Each 
sample was measured five times (Table II). 

result of our study shows 5.83 ± 0.02 mg per capsule 
β-carotene in examined samples.

Conclusions
This study shows that the gelatin capsule vitamin supple-

ment analyzed here contains 5.83 ± 0.02 mg of β-carotene. 
Producer declares 6.00 mg in each capsule. must be checked 
it, if producer has a right vehicle for mixture of β-carotene 
and blueberry extract, because we have verified our method 
with standard addition. Finally we can conclude that HPLC 
with ECD method have shown to be acceptable for determi-
nation and quantification of β-carotene in a gelatin capsule 
vitamin supplements. 

rEFErENCES
 1. Gerald F.: Jr. “The vitamins” fundamental aspects in 

nutrition and health 1999, 23. 
 2. Hiroshi Iwase.: J. anal. Chem. act. 463, 21 (2002).
 3. olives Barba a. I., Camara Hurtado m, Sanchez mata 

m. C., Fernandez ruiz v., Lopez Saenz de Tejada m.: J. 
Food Chem. 95, 328 (2006).

 4. Ferruzzi m., mario G.: J. anal. Biochem. 256, 74 
(1998).

Fig. 2.	 Chromatograms	 of	 a	 gelatin	 capsule	 vitamin	 supple-
ments

Table II
Content of β-carotene in a gelatin capsule vitamin supple-
ment

 Sample average peak area  Content of β-caroten
  [mv s–1] in tablet [mg]
 1 52.00 5.804
 2 51.25 5.700
 3 53.30 5.986
 4 52.45 5.867
 5 53.40 5.999
 average 52.48 5.83 ± 0.020
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Introduction	
Commonly studied carotenoid in the human diet is 

β-carotene because of its antioxidative and provitamin a 
activities. Provitamin a carotenoids, particularly β-carotene 
in fruits and vegetables, are the major source of vitamin a 
for its deficiency is a serious health problem in many deve-
loping countries. The abundant sources of β-carotene are 
sweet potatoes, carrots, spinach, tomato and other vegetables 
and fruits. Since tomatoes are major use for human dietary 
in many countries, it is becoming a prevention of deficiency 
of antioxidant vitamins. many studies have been focused on 
antioxidant vitamins content in tomatoes. abdulnabi et al.1 
investigated the antioxidative vitamin (vitamin E, vitamin C 
and β-carotene) content in tomatoes cultivated in Hungary, 
using HPLC. This study suggests that the highest values of 
β-carotene were found in Gitana, Katinka and Delfino cul-
tivars (3.13–3.79 μg g–1) and the lowest levels of β-carotene 
were in Tampo and Selma cultivars. Therefore, β-carotene 
occurs in tomatoes and various tomato products in amount of 
0.23–2.83 mg 100 g–1(ref.2).

The objective of this work was to estimate, using modern 
analytical techniques (ESa Coulochem III multi-Electrode 
Detector), and the β-carotene content of tomatoes.

Experimental	
High performance liquid chromatography (HPLC) is 

the most commonly used method for the separation, quanti-
tation, and identification of carotenoids found in vegetables 
samples.

S a m p l e  P r e p a r a t i o n
Initially a 10 g sample of tomato was placed in a 50 ml 

flask and mixed with 26 ml of extraction solvent (aceto-
ne : hexane, 50 : 50, v/v). The mixture was shaken in a water 
bath at 35 °C for 20 min. The upper phase was collected and 
poured into a 50 ml flask. The lower phase was extracted 
again with same solvent and shaken for 30 min. The upper 
phase was also collected and poured into the same flask. 
after filtration through Filtrak No.390 filter paper. The fil-
trate was poured into a 250 ml flask and evaporated under 
vacuum at 30 °C and residues were redissolved in 5 ml of 
ethanol. The solution was filtrated through a 0.45 μm nylon 
filter and 20 μl was injected into HPLC system. HPLC sepa-
ration was performed using ESa HPLC with ECD detection  

(Coulochem III) which is equipped with analytical column 
Supercosil LC18-DB (250 × 4.6mm, particle size 5 μm). 
Separation took place at 30 °C, flow rate of mobile phase 
(methanol : acetonitrile : phosphoric acid) was 1.0 ml min–1. 
Potentials of the cells for detector were 500 and 600 mv. 

β-carotene standard solution concentrations ranging 
from 25 to 400 μl ml–1 were prepared for the standard curve.

I d e n t i f i c a t i o n  a n d  Q u a n t i f i c a t i o n 
o f  β - c a r o t e n e  i n  T o m a t o

The identification of β-carotene was carried out by the 
retention time. The equation from the calibration curve was 
used for the calculation of the amount of β-carotene in toma-
toes. The regression equation and correlation coefficient (r2) 
were obtained using microsoft Excel 2003 software to calcu-
late the quantity of β-carotene in tomatoes.

Results
Typical chromatogram depicting the separation of a β-

carotene standard solution is shown in Fig. 1. We were inte-
rested in checking chromatographic condition and retention 
time of β-carotene using a selected method in this investiga-
tion.

The predominant peak at approximately 3.3 min is 
β-carotene. This value is used for identification of β-caro-
tene in samples. The calibration curve was measured with the 

Fig. 1.	 Chromatogram	of	standard	β-carotene

Fig. 2.	 Calibration	curve	of	β-Carotene
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standard of β-carotene that was dissolved in ethanol. Fig. 2. 
shows calibration curve of a standard β-carotene.

The regression equation was obtained from the calibra-
tion curve of β-carotene, y  =  0.3026  x + 10.353 (r2  =  0.9904). 
This studied range was appropriate to calculate concentration 
of β-carotene in tomatoes. 

The small peak showing the β-carotene on Fig. 3. (very 
closely at 2.912 min) has not been identified, because it is an 
admissive peak area that matches β-carotene’s peak in chro-
matograms.

However, this does not pose any problem; usually toma-
toes do not contain high concentration of β-carotene. result 
of this chromatogram suggests the presence of other organic 
compounds in tomato. many study indicated that lycopene 
and/or other common cartenoids’s levels are higher than β-
carotene in tomatoes. 

Table I shows the results obtained from the analysis of 
β-carotene in different samples. The first sample was imme-
diately extracted with extraction solution after purchased 
from supermarket. The second sample was stored 2 weeks in 
a refrigerator before extraction. 

The higher value of β-carotene (1.197 mg 100 g–1) was 
obtained with the first sample. The values obtained in this 

study are very close to those reported by olives Barba et al.3, 
who reported a range of 0.6–1.2 mg per 100 g for β-carotene 
in 4 tomato varieties. 

Bender (1993) has summarised the contradictory results 
of published studies designed to estimate the magnitude of 
vitamin loss during frozen storage of vegetables and fruits. 
Thus, we presumed that the content of β-carotene was redu-
ced in second sample during storage period. 

Conclusions	
The present study shows that the measured levels of 

β-carotene (1.197 mg 100 g–1) were low compared to the 
recommended intake. European epidemiological studies 
revealed 6–10 mg β-carotene as the recommended daily 
intake to provide good health and a reduction in risk of disea-
ses (Lachance, 1998; National research Council, 1989). 
accordingly, one serving 100 g tested tomato contributes 
11.97–19.95 % of the recommended daily intake of β-caro-
tene. 
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Fig. 3.	 Chromatograms	from	tomato	extract

Table I
Tomato concentration of β-carotene

 Sample Weight  Peak area amount of β-carotene 
  [g] [mv s–1] [mg 100 g–1 of fresh mass]
 1 10.0707 14.0 1.197
 2 10.1726 1.6 0.024
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Introduction
accumulating evidence has suggested that the hyper-

thyroidism is associated with increases in radical oxygen 
species (roS) production and lipid peroxidation products in 
some tissues of rats. The response of the antioxidant systems 
is unclear. The changes in the levels of antioxidant enzymes 
in various tissues were found to be imbalanced and often 
opposite1. Lycopene, the main carotenoids in tomatos, has 
been shown to be a potent antioxidant in vitro and in vivo. 
recent interest in lycopene is due to the finding of an inverse 
association between dietary lycopene and risk of some types 
of cancer and cardiovascular disease2.

There are few literature data, which present studies regar-
ding the effect of nonenzymatic antioxidants administration 
on oxidative stress induced by thyroid hyper function. In the 
present work, effects of the ingestion of tomatoes powder, 
rich in lycopene, on the activities of antioxidant enzymes 
(superoxid dismutase – SoD, catalase, and glutathion per-
oxidase), the oxidation of lipids and on fatty acids composi-
tion on liver, thyroid and myocardium were examined in rats 
intraperitonial injected with L-thyroxin.

Experimental
E x p e r i m e n t a l  P r o c e d u r e

Experiments were performed on three groups of male 
white Wistar rats: control (C – nontreated animals, normal 
diet); H group (treated animals with thyroxin and normal 
diet) and HT group (animals treated with thyroxin and toma-
toes powder enriched diet). We induced hyperthyroidism 
by intraperitoneal L-thyroxine administration, 10 µg (100 g 
bodyweight)–1, daily for a week. Daily dietary for group HT 
diet was supplemented with a natural product, tomato powder, 
obtained by Kunding Food Company. These powders contain 
62.5 µg lycopene (1 g powder)–1. Each rats from HT group 
received 25 µg lycopene (100 g wet)–1 day–1 corresponding 
to 0.4 g tomato powder (100 g wet)–1 day–1 during 7 days. 
after 8 days the animals were sacrificed and thyroid, liver 
and myocardium tissue were collected.

B i o c h e m i c a l  D e t e r m i n a t i o n s
Protein extracts was obtained using potassium phos-

phate buffer (pH  =  7.35). The activities of SoD, catalase, 
glutathion peroxidase and lipids oxidation were estimated in 
this protein extract using photometric methods3.

Lipids extracts from different tissues was obtained with 
methanol and chloroform, based on Folch procedure The 
fatty acids analysis was made on total lipids extracts using 
gas-chromatography (GC)4.

Results
In all biological samples we can observed an increase of 

antioxidant enzymes activities in H – rats compared with con-
trol. In the case of rats treated with diet rich tomatoes powder 
it can be observed a diminution of antioxidant activities pro-
bably due the antioxidant properties of lycopene (Table I). 
The increase of antioxidant enzymes activity in thyroidian 
tissue could be explained due to stimulation effect of thyroid 
hormones on protein shynthesis.

Lipid peroxides levels were significantly increased com-
pared with control group. oral administration of lycopene 
resulted in a significant reduction of lipid peroxides levels 
in HT-group compared with rats treated only with thyroxin 
(Table II). 

The results of the analysis of fatty – saturated fatty acids 
(SFa), monounsaturated fatty acids (mUFa) and polyunsatu-
rated fatty acids (PUFa) – are showed in detail by Table III. 

In thyroid gland, compare with the control, we can obser-
ved a decrease of total fatty acids content in experimental 
group treated with L-thyroxin. The determination of content 

Table I
antioxidant enzymes activity

 Tissue/ Catalase Glutathone Superoxid
 Experimental Ncat peroxidase dismutase
 groups [g wet tissue–1] U GPx U SoD
   [g wet tissue–1] [g wet tissue–1]
   Liver
 C 5068.79 62.93 225.69
 H 8499.99 40.30 243.61
 HT 5891.08 61.64 206.23
   thyroid 
 C 410.10 4.66 58.87
 h 793.33 7.66 83.99
 HT 424.99 5.16 100.96
   myocardium
 C 717.64 20.18 53.84
 h 835.08 28.55 11.33
 HT 690.62 23.67 95.14

Table II
Lipids peroxides level (mDa μmoles g wet tissue–1)

 Experimental Liver thyroid myocardium groups
 C 1239.44 4.98 912.11
 H 1750.40 12.91 1201.92
 HT 1294.74 7.96 988.24
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in PUFa and the ratio between UFa and SFa are the other 
methods that can be used in order to determinate the level of 
lipids peroxidation process. These ratio decrease in T group 
(so in this case appear a rise of lipids peroxidation level) but 
increase in group supplemented with lycopene.

Thyroid hormones stimulated the biosynthesis of Fa 
in liver5. In the case of rats treated with L-thyroxin the Fa 
content is higher compare with the control. The highest level 
apear in the case of rats from HT group because the adminis-
tration of L-thyroxin as an effect the stimulation of Fa syn-
thesis and lycopene protect these acids against oxidation.

In myocardium fatty acids content decrease in T group 
compared with the control because in this tissue the lypoge-
nic activities of thyroid hormones is lower compared with 
other tissue.

Conclusions
Tomatoes powder reduces the burden of oxidative stress 

in hyperthyroidism and led to reduction in lipid peroxidation 
and to increase in antioxidant level. 

The administration of L-thyroxin has an effect a decre-
ase of Fa content in thyroid gland and myocardium. The con-
tent of Fa in hepatic tissue prelevated from rats treated with 
L-thyroxin is higher compared with the control because this 
thyroid hormone stimulate the synthesis of these acids. 

In all analyzed tissue the tomatoes powder administra-
tion has an effect an increase of Fa content.
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Table III
Fatty acids contents in total lipids extract [mg g–1 wet  
tissue]

 Tissue/Fa  C group H group HT group
   Liver
 SFa 1.56 3.59 10.07
 muFa 1.03 3.52 5.81
 puFa 1.36 5.70 18.15
   thyroid 
 SFa 11.91 2.26 16.14
 muFa 5.85 1.20 7.95
 PUFa 16.13 2.88 26.34
   myocardium
 SFa 4.02 2.23 5.32
 mUFa 2.69 2.26 4.33
 PUFa 4.35 3.08 8.68
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Introduction
In former times the whey was thought as valueless waste 

of dairy industry rising in cheese, cottage and casein produ-
ction. Its application was in feed only. In these days, the whey 
meaning inceases simultaneously with new knowledges of 
nutrition, with sepative methods development, envirtonment 
protection endeavour and rapid progress of food and pharma-
ceutical industry. environmental aspect is purity rivers main-
tenance and it means the prohibition of waste-water disposal 
(the whey too). It is possible to make the whey „liquidation“ 
by the help of microbial systems. Several microbial systems 
were used for these purposes but they are still pure described. 
Testing of new microbial systems for the degradation ot the 
whey is in progress. In this work, the testing of degradation of 
the whey medium using the mixture of thermophilic bacteria 
is described.

Experimental
Experiments were practised with thermophilic aerobic 

culture, the mixture of bacteria of the genus Bacilus and the 
genus Thermus (sludge from waste treatment plant Bystřice 
pod Hostýnem). The whey from cheese production (type 
ermine) was used as the medium. Casein (0.1 mol dm–3 
h2So4) and α,β-lactoglobulins (20 min at 85 °C) were taken 
out before cultivations. The whey was centrifuged and pH 
value was adjusted. all cultivations were practised in the 
laboratory fermentor BIoSTaT B (B. Braun Biotech.) with 
working volume 2 dm3. 

Cultivation conditions: multiple turbo-stirrer 250 min–1, 
aeration 10 dm3 min–1, pH adjusted on value 6.5, medium 
temperature 60 °C, vessel isolation mirelon. The batch was 
selected as the cultivation method. The cultivation time was 
66 h (1st experiments) and 312 h (2nd experiments). The pro-
cess characteristics were determined direct by fermentor sys-
tem (dissolved oxygen concentration) or by the help of sam-
ples taking and their analyses (biomass – turbidimeter, CoD 
– spectrofotometer at 600 nm, lactose – HPLC after micro-
filtration, 100 % lactose  ≈  46 g.dm–3. the statistical analyse 
was realized in the relevancy level 0.05.

Results
The experimental results are summarized in Fig. 1. & 2.

Hence it follows:
Lactose was not used as primary substrate source 
(Fig. 2.), consequently the exponential growth 
phase in time 3–43 hours (specific growth rate  
µ  =  0.05  ±  0.01 h–1) is a result of simpler whey com-
pound utilization probably, for example lactate.
Lactose metabolisation was combined with the 2nd 

growth phase in time 120–260 hours (specific growth 
rate µ  =  0.010  ±  0.006 h–1) (Fig. 1.).
The biomass accrument was very slow. It was probably 
an inhibition effect of concentrated substrate, especially 
in the 1st cultivation period (Fig. 1., Fig 2.). Total bio-
mass concentration after 312 hours: (3.3  ±  0.3) g dm–3 at 
productivity 0.01 g.dm–3 h–1.
The oxygen limitation can contibute to slow biomass 
growth (primarily in the 1st growth phase).
maximum CoD elimination was in the 1st half of every 
exponetial growth phase: 15  ±  3 % after the 1st growth 
phase and   ±  4 % after the 2nd growth phase.
The oxygen transfer coefficient was determined too, 
kLa  =  (270 ± 21) h–1.

•

•

•

•

•

•

Fig. 1.	 Batch	cultivation	progress	in	longer	time	(312	hours)

Fig. 2.	 Batch	cultivation	progress	in	shorter	time	(66	hours)
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Conclusions
It was achieved total CoD elimination 62 % after 312 

hours of the batch cultivation with thermophilic culture on 
waste whey. The biodegradation process rate is limited of 
lower biomass concentration and oxygen insufficiency. the 
correspondence between the time of exponential bacteria 
growth and the main CoD elimination period was demon-
strated. In conclusion, the mixture of termophilic bacteria 
population has significant whey biodegradation abilities in 
view of its application to dairy wastes.
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Introduction
Temperature is one of the most important enviromental 

factors controlling the activities and evolution of organisms 
and is one of the easiest variables to measure. Not all tem-
peratures are equally suitable for the growth and reproduction 
of living organisms. most of animals, plants and eucaryotic 
microorganisms are not able to exist at temperatures above 
50 °C. It contrast to this fact, some procaryotic microorgan-
isms can grow at temperatures above 60 °C commonly. We 
call them thermophiles. the most thermophilic microorgan-
isms live in the thermal zone of the Earth. Their industrial use 
is various, from food industry to waste-water treatment. The 
important knowladge for any application of these microor-
ganisms is their basic growth characteristics. The aim of this 
work was testing of growth of the mixture of thermophilic 
bacteria with possible potential to be used in waste-water in-
dustry.

Experimental
Experiments were carried out using the mixture of ther-

mophilic bacteria of the genus Bacilus and genus Thermus 
(sludge from waste treatment plant Bystřice pod Hostýnem). 
The substrates composition: C-source 4 g dm–3, mgSo4

.7h2o, 
1. g dm–3, (nh4)2So4 0.3 g dm–3, Kh2po47 g dm–3, yeast ex-
tract 2.4 g dm–3, peptone 8.5 g dm–3. glucose, lactose, sacha-
rose and maltose were tested as the main source of carbon in 
succesive steps. Inoculum was prepared in the same condi-
tions as tested cultivations. Inoculation rate: 1 : 10. Cultiva-
tions were practised 50 hours in two different systems – in 
1.5 ml vials (anaerobic conditions) and in 1.5 dm3 laboratory 
fermentor (aerobic conditions).

The vials, with magnetic bar and tightly screw capped, 
were placed into autosampler plate thermostated at 60 °C. 
Flow injection analysis (FIa) was used for measurement of 
microorganism quantity. The amount of 10 µl of the sample 
was injected into water stream (0.2 ml min–1) and the absor-
bance at 600 nm was measured. The area under the curve of 
chromatogram was used for microorganism quantification. 
The sample was drawn and analysed each 5 minutes for 
50 hours. the hpLC system hp 1100 (agilent technolo-
gies, Palo alto, USa) consisted of vacuum degasser unit 
(model G1322a), quaternary pump (G1311a), autosampler 
(G1313a) and quadrupole mass spectrometer (G1946vL) 
with electrospray ionization was used. The ChemStation soft-
ware (rev. a 10.02) controlled the chromatographic system 
and it was used for chromatogram evaluation. The vials with 

cultivation media were placed in thermostated plate KEva 
(Ing. Pavel Krásenský, Brno, Czech republic) and stirred us-
ing magnetic stirrer.

The cultivations in bioreactor were practised in a labora-
tory batch fermentor BIoSTaT B (B. Braun Biotech.) Culti-
vation conditions: multiple turbo-stirrer 250 min–1, aeration 
10 dm3 min–1, pH adjusted on value 6.5, medium temperature 
60 °C, vessel isolation mirelon. Biomass concentration was 
determined by the help of samples taking and their analyses 
in turbidimeter.

Results
The experimental results are summarized in Fig. 1. & 2.

Hence it follows (Fig. 1.):
Sacharose was not utilised by mixed thermophilic bacte-
ria in anaerobic system only. Enzyme decomposed sacha-

•

Fig. 1.	 Growth	 curves	 on	 different	 substrates	 into	 vial	
(10,000	mAU.s	~	1	g	dm–3	(biomass	concentration)

Fig. 2.	 Growth	curves	on	different	substrates	in	fermentor
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rose (invertase) was probably not formed (Fig. 1.).
In both systems, maximal cells growth was achieved on 
lactose (Fig. 1., 2.). Total biomass concentration after 
50 hours: 1.7  ±  0,2 g dm–3 in vials and 2.7  ±  0,4 g dm–3 
in the fermentor.
Total biomass concentration on others substrates was as 
follows (Fig. 1., 2.): glucose 0.6  ±  0.2 g dm–3 (vials) and 
1.9 ± 0.5 g dm–3 (fermentor), maltose 0.3  ±  0.1 g dm–3 

(vials) and 1.4  ±  0.3 g dm–3 (fermentor), sacharose 
0,1 g dm–3 (vials) and 1.3  ±  0.2 g dm–3 (fermentor).
The difference between total biomass concentration in 
the vials and in the fermentor is statistically significant 
on statistic level 0.05. It follows from these results that 
tested culture has mainly aerobic character.
The biggest biomass productivity was reached in cultiva-
tion in fermentor, on lactose: 0.054  ±  0.009 g dm–3 h–1.
Lag-phase period (Fig. 1., Fig 2.) was the shortest in cul-
tivations in the aerobic fermentor sytems (~  3h on all 
substrates). In anaerobic vials was this phase very long: 
on maltose ~ 8h, on lactose (~ 25h). (Sacharose is not 
comparised).
Specific growth rates: glucose 0.19  ±  0.05 h–1 (vials) 
and 0.10  ±  0.05 h–1, maltose: 0,05  ±  0.01 h–1 (vials) and 
0.06  ±  0.02 h–1 (fermentor), sacharose 0.06  ±  0.02 h–1 
(fermentor only). The difference between specific 
growth rates in the vials and in the fermentor is not sta-
tistically significant on statistic level 0.05.
It is possible to differ two exponential growth phases 
(I: 3–15 h., specific growth rate 0.25  ±  0.03 h–1 and 
II: 22–38 h. specific growth rate 0.12  ± 0.02 h–1) in the 
bioreactor cultivation on lactose. Lactose served as the 
main carbon source in the first phase of cultivation, in 
the second phase lactose was consumed immedately and 
the growth proceeds on organics acids by metabolic way 
generated (Fig. 2.).
In vials on lactose was observed different situation, there 
was one exponential growth phase with specific growth 
rate: 0.31  ±  0.01 h–1.(Fig. 1.).
It follows from our experiments that the biggest growth 
rate was achieved in bacteria cultivation on lactose (in 
both systems – in the fermentor and in the vials).

•

•

•

•

•

•

•

•

•

Conclusions
The dramatically differences between growth rate and 

total biomass concentration in cultivations on lactose and 
others substrates were detected. Lactose was the most suit-
able substrate in growth aspect in both aerobic and anaerobic 
conditions. With regard to better growth results in the fer-
mentor cultivations, the main population of the mixture of 
bacteria tested is aerobic.

maltose and glucose were utilised by thermophilic mi-
croorganisms too, but growth was slower. Sacharose was not 
utilised in anarobic vials, thermophilic bacteria was not able 
to decompose this substrate. 

In conclusion, this work described growth and growth 
characteristics of tested microorganisms and contributed to 
better knowledge of thermophilic mixed bacteria cultures.
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Introduction
acrylamide (aa), a hazardous chemical, is classified as 

a probable human carcinogen (IarC, 1994)1. aa is formed 
during maillard reaction in starch-rich foods. Its occurrence 
in human diet was for the first time reported by Swedish 
scientists in 20022.

alike many other heat processed foods prepared from 
cereals, malts may contain aa, originated from sugar and 
asparagin contained in barley. Besides of other factors, aa 
levels depend on the temperature and the time employed for 
treatment. 

In our study, various types of malts, commonly used as 
additives (colorants, aroma donors etc.) in bakery and/or in 
brewing industry were examined for aa levels using LC-
mS/mS.

In the next phase of our experiments the transfer of this 
processing contaminant into the beer was studied. The analy-
tical procedure used for the analysis consists of cleanup step 
employing solid-phase extraction (SPE) followed by liquid 
chromatography coupled to tandem mass spectrometry (LC–
mS/mS). a wide range of bottled beers obtained at the Czech 
retail market was examined within this monitoring study.

Experimental
C h e m i c h a l s  a n d  m a t e r i a l s

aa (purity 99,5 %) was from Sigma/aldrich/Fluka 
(Switzerland). 13C3-aa (isotopic purity ≥ 99 %) was 
purchased from CIL (USa). magnesium sulphate was from 
Sigma/aldrich/Fluka (Switzerland). Sodium chloride was 
from Penta (Czech republic). aluminium oxide (basic) was 
from merck (Germany). all organic solvents were of HPLC 
grade quality. 

Calibration standard solutions were prepared in water by 
diluting stock standard solutions in concentration range 

1–250 ng ml–1 with fixed amount of 13C3–aa –  
100 ng ml–1. 

isolute multimode® (6 ml, 500 mg) and isolute env+® 
(6 ml, 500 mg) SPE cartridges were purchased from IST 
(u.K.).

S a m p l e s
Czech special roasted malts (4 from barley and 1 from 

wheat) were employed for the study. In addition to the malt 
samples, intermediates collected during processing (that was  
 

conducted under different time and temperature conditions) 
were examined.

The German set of samples included 12 malts (brew, 
special, caramel, wheat and rye), used in beer industry. 

Thirty beer samples representing various typical brands 
were purchased from the Czech retail market.

m a l t  S a m p l e  P r e p a r a t i o n
The key step of this method is the transfer of aa from 

the primary aqueous extract into acetonitrile forced by added 
salts (mgSo4 and NaCl); separation of aqueous and organic 
phases is induced3. most matrix interferences are then remo-
ved from organic phase by dispersive solid phase extraction 
(mgSo4 and basic al2o3 are used for this purpose). aceto-
nitrile is evaporated under a gentle stream of nitrogen and 
solvent is exchanged to water.

B e e r  S a m p l e  P r e p a r a t i o n
after decarbonization the beer sample undergoes clean-

up with two subsequent SPE cartridges. Final extract is in 
60% methanol in water (v/v solution). The methanol is eva-
porated by a gentle stream of nitrogen4.

a n a l y s i s  o f  a a  b y  L C - m S / m S
LC-mS/mS measurements were accomplished with the 

use of a separation module alliance 2695 (Waters, USa) 
interfaced to a Quattro Premier XE mass spectrometer 
(micromass, UK). Chromatographic separation was carried 
out using an atlantis T3 column (3 mm × 150 mm × 3 μm). 
Isocratic elution of aa was achieved with mobile phase com-
posed of acetonitrile and water (3 : 97, v/v).

The mass spectrometer, equipped with pneumatically 
assisted electrospray interface (ESI), was operated in a posi-
tive ionization mode. 

LoD´s and LoQ´s for malt samples were 10 µg kg–1 and 
30 µg kg–1, respectively. LoD´s and LoQ´s for beer samples 
were 2 µg dm–3 and 5 µg dm–3, respectively.

Results
aa levels in malt corresponded to the temperatures 

employed for their production. In dark malts aa content was 
relatively high, clearly due to advanced maillard reaction 
induced by heating process.

Table I
Czech malts

 malt aa (μg kg–1)
 Semi-finished light caramel 35
 Light caramel  37
 Semi-finished dark caramel  404
 Dark caramel  243
 Coloured  111
 Czech  25
 Wheat  < 10
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The overview of this processing contaminant in various 
Czech and German malts is summarized in Table I and II. 

The aa levels as high as 900 µg kg–1 were found in Ger-
man caramel rye malt used for the production of the specia-
lity beers. Generally, only low aa levels were found in pale 
malts.

Some transfer of aa into beer was shown by analysis of 
beers collected at the Czech detail market (Table III). about 
30 % of examined samples contained levels above limit of 
quantification of the LC-mS/mS method. The range of aa 
level was between 5–10 µg dm–3. the measured mean con-
cetratin was 7 µg dm–3. Two samples of non-alkoholic beer 
contained aa. In the 1 of 2 semi-dark beers was determined 
aa. only 2 from the all (16) light beers were positive for aa. 
The most percentage of positive samples were in the group of 
dark beers. 4 from 5 dark beers contained acrylamide in mean 
level 9 µg dm–3. No aa was detected in two special beers.

Conclusions
The levels of aa in malts vary in a wide range. Gene-

rally, the highest level of this proccesing contaminant occur-
red in caramel rye malt used for production of special beers.

The examination of semi-finished malts indicates 
possible degradation of aa during roasting of malts. after 
reaching a maximum, the levels successively decrease.

Predictably, the highest levels of aa were found in dark 
beers. In a few of light beer samples was aa detected too.

This study was carried out with support from TRU-
EFOOD project – Traditional United Europe Food (FOOD-
CZ-2006-016264).
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Table II
german malts

 malt aa (μg kg–1)
 rye  < 30
 Chocolate wheat  49
 Wheat malt  < 10
 munich dark 150
 red caramel  81
 Caramel rye  909
 Light caramel < 30
 Caramel aromatic  409
 melanoidin  105
 Smoked  < 30
 pilsner  < 30
 munich  67

Table III
Czech beers

 Beer aa µg dm–3

 Light 6
 Light, non-alcoholic 6
 Light < 5
 Light, lager < 5
 Special lager < 2
 Light < 2
 Light, lager < 2
 Light, low sugar content < 2
 Dark, lager 10
 Light < 2
 Light, lager < 5
 Light, lager < 5
 Light, lager < 5
 Light, non-alcoholic < 2
 Light < 5
 Light, lager < 5
 24% Special, dark < 2
 Light, non-alcoholic 6
 16% Special, < 2
 Dark, lager 10
 Light, lager < 5
 Dark, lager 8
 Light, lager < 2
 Light < 5
 Dark, lager < 5
 Semi-dark, lager <          5
 Semi-dark, lager 5
 Light < 2
 Light, lager 7
 Dark, lager 8
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Introduction
Polycyclic aromatic hydrocarbons (PaHs) belong to the 

family of persistent organic pollutants having many proper-
ties with a negative impact on human organism (carcinogeni-
city, mutagenicity).

In addition to the inhaled air the main exposition source 
of polycyclic aromatic hydrocarbons for the most of popula-
tion are foodstuffs. PaHs were found in many foodstuffs both 
of animal origin (mainly as a result of culinary treatment) and 
plant origin (due to atmospheric deposition and growing in 
the contaminated soil). The data about PaHs content in honey 
are rare1. In the study dealing with the PaHs content in honey 
considerably high concentrations are reported2, especially 
for the honeydew honey, not only for those PaHs with 3–4 
aromatic rings (acenaphten 187 μg kg–1, fluoren 163 μg kg–1, 
phenanthren 625 μg kg–1, anthracen 635 μg kg–1) predomi-
nantly occurring in foodstuffs ant materials of plant origin3, 
but also for the toxic PaHs (benzo-k-fluoranthen 58 μg kg–1, 
benzo-a-pyren 126 μg kg–1).

The aim of this study was to estimate content of PaHs 
in Czech honeys whose high quality is known (absence of 
antibiotics, minimal content of hydroxymethylfurfural). The 
content of 15 priority pollutants according to the US EPa was 
monitored, namely naphtalen (napt), acenaphten (aCen-
aPT), fluoren (FLU), anthracen (aNT), fluoranthen (FLT), 
pyren (PY), benzo-a-anthracen (Baa), chrysen (CHrY) 
benzo-b-fluoranthen (BbF), benzo-k-fluoranthen (BkF), 
benzo-a-pyren (BaP), dibenzo-a,h-anthracen (DBaha), 
benzo-g,h,i-perylen (BghiPE) and indeno-1,2,3-cd-pyren 
(ipy).

Experimental
i n s t r u m e n t s

the Waters 2695 alliance chromatographic system 
was equipped with the Waters 2475 fluorescence detector. 
a column PaH C18 (250 mm × 4.6 mm I.D. 5 µm (Waters, 
Germany) was used. The column was held at 30 °C with 
a column heater. mobile phase a: water, B: acetonitrile, 
flow 1.4 ml min–1, linear gradient were used. PaHs were 
detected by the fluorescent detector using an excitation and 
emission wavelength program (λexc ranged from 232 nm to 
300 nm and λem from 330 nm to 500 nm). The HPLC sys-
tem was controlled and the data were processed by Waters 
Empower 2 software.

C h e m i c a l s  a n d  r e a g e n t s
acetonitrile (merck KGaa), dichloromethane (merck 

KGaa) and hexane (Scharlau), the PaHs standard mixture 
(PaH mix 9, Dr. Ehrenstorfer), sodium sulphate anhydrous, 
sodium chloride, HPLC water. all solvents were HPLC grade 
or for residual analysis, other chemicals p.a. quality at least.

S a m p l e s
10 samples of honey obtained directly from Czech bee-

keepers and 10 samples of honey from shops with the Czech 
republic declared as a country of origin were analysed. Each 
sample was analysed in at least duplicates, blank samples 
in each series were performed.

p r o c e d u r e
Three kinds of procedures of sample preparation were 

used.
The first procedure: 10 g sample of honey was dissol-

ved in 100 ml of deionised water, 1 g NaCl and 10 ml hexane 
added and thoroughly shaken for 30 min. By means of sepa-
ratory adapter an aliquot of organic layer was taken and eva-
porated to dryness. The residue was dissolved in 1 ml of ace-
tonitrile, filtered through nylon membrane filter (0.45 μm) 
and analysed by HPLC.

The second procedure: 10 g of honey sample was mixed 
with anhydrous sodium sulphate, added 40 ml of dichloro-
methane and extracted by means of ultrasonic bath and Ultra 
Turrax. after filtration the solvent was evaporated and next 
process was the same as in the first procedure.

The third procedure: 10 g of sample was dissolved 
in 100 ml of deionised water and extracted by means of solid 
phase of SPE cartridges. The next process was as in the first 
procedure.

Results
Fig. 1. represents typical chromatogram obtained with 

honey sample. The average concentrations of each PaHs 
ranged from 0,02 to 2.22 μg kg–1 (Table I). recoveries, 
which were calculated by using observed and spiked concen-
trations for PaHs, ranged from 60 to 90 %. Limit of quanti-

Table I
Concentrations of PaHs [μg.kg–1] in samples of honey

 honey from NaPT aCENaP FLU PHE
 bee-keepers 0.29 0.20 0.66 0.32
 shops 0.82 0.45 0.49 2.22
  ant FLt py Baa
 bee-keepers 0.07 0.02 0.15 0.55
 shops 0.07 0.07 0.05 0.16
  CHrY BbF BkF BaPY
 bee-keepers 0.15 0.04 0.08 0.05
 shops 0.02 0.02 0.02 0.02
  DBaha Bghipe ipy 
 bee-keepers 0.26 0.10 0.07 
 shops 0.09 0.0 0.02 
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fication, which was obtained from blank experiments, was 
0.01 μg kg–1. rSD ranged from 0.01 to 20 %. These results 
were similar for each type of procedures.

Conclusions
The content of polycyclic aromatic hydrocarbons in 

analysed samples were very low, they ranged between 0.02 
to 2.22 μg kg–1for individual PaHs. These values are usu-
ally found in uncontaminated foodstuffs. In conclusion we 
can say that Czech honeys proved their traditional safety and 
high quality.

This work has been supported by grant MSM6215712402 
“Veterinary aspect of food safety and quality” of the Ministry 
of Education, Youth and Sports of the Czech Republic.
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Fig. 1. Chromatogram of PAHs in honey from shops. Conditions: the Waters 2695 Alliance chromatographic system with the Fig. 1.	 Chromatogram	of	PAHs	in	honey	from	shops.	The	conditions	of	analysis	are	shown	in	Section	2
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Introduction
Sulfonamides (Sas) are a group of synthetic antibiotics 

that have been used in food-producing animals for therapeu-
tic and prophylactic purposes1. There is a risk of occurrence 
of unwanted residues in animal products if these antimicro-
bials have been improperly administered or if the proper 
withdrawal period has not been observed. To safeguard 
human health, the European Community has adopted for Sas 
safe maximum residue limits (mrLs) at the total level of 
100 μg kg–1 in food of animal origin2.

many methods such as LC and LC-mS, GC and GC-
mS, ELISa, biosensor immunoassay (BIa) and high perfor-
mance capillary electrophoresis (HPCE) have been develo-
ped for the determination of Sa residues in food3. Solid phase 
extraction (SPE) was used as clean-up or enrichment method 
for Sas in tissues. The main sorbents used for the extraction 
of Sas are C18, aluminium oxide, strong cation-exchange4.

multi-walled carbon nanotubes (mWCNTs) are a novel 
carbon material used as an effective solid phase adsorbent for 
organic compounds (including Sas)5.

In this paper, a sensitive method was developed for the 
determination of six Sas in chicken meat using mWCNTs 
and aluminium oxide as solid phase adsorbents followed by 
HPLC with Uv detector.

Experimental
m a t e r i a l s  a n d  r e a g e n t s

Chicken muscle tissues were purchased from local food 
market and deep frozen until analysis. organic solvents such 
as acetonitrile, acetic acid and 1- propanol were all pesticide 
residue grade , commercially available from merck . anhyd-
rous sodium sulfate was analytical grade (Bucarest, romania). 
Deionized and redistilled water was prepared from milli-Q 
Plus (millipore). Sodium acetate trihydrate (merck) was used 
as buffer for HPLC mobile phase. Sulfadiazin (SDZ), sulfa-
merazine (Smr), sulfapyridine (SPY), sulfisoxazole (SIo), 
sulfamethoxazole (Smo) and sulfadimethoxine (SDm) were 
purchased from Sigma.

mWCNTs were purchased from Institute for research 
and Development of Isotopic and molecular Technologies 
Cluj-Napoca, romania.

Standard stock solutions were prepared by accurately 
dissolving approximately 10 mg of Sas in 10 ml of aceto-
nitrile LC grade and stored at 4 °C. Working standards were 
prepared weekly by appropriate dilution in acetate buffer at 
pH 4.5.

C h r o m a t o g r a f i c  S y s t e m  a n d 
C o n d i t i o n s

all experiments were carried out by using Shimadzu vP 
Series liquid chromatograph equipped with a Uv-vIS detec-
tor.
The chromatographic separation was accomplished in 30 min 
with gradient elution on a C 18 (250 mm × 4.6 mm, 5 μm) 
analytical column (alltima) with a mobile phase 0.01m ace-
tate buffer pH 4.5 (a) and acetonitrile (B). Flow 1 ml min–1 
was used for the separation of analytes at the following pro-
gram: 20 % B to 50 % within 22 min, back to 20 % in 3 min, 
equilibration for 5 min. The injection volume was 20μl and 
the detection of Sas was conducted at 266 nm.

S a m p l e  P r e p a r a t i o n  a n d  S a m p l e 
C l e a n - u p

Ten grams of minced chicken tissue was placed into a 
50 ml polypropylene tube. 20 ml acetonitrile and 5 grams 
baked anhydrous sodium sulfate was then added. The sam-
ple was homogenized with an Ultraturax for about 1 min., 
and then centrifuged at 5,000 rpm for 5 min.The residue was 
extracted by sonication with 20 ml acetonitrile and then cen-
trifuged at 5000 rpm for 5 min.The extracts were combined 
and the solvent was concentrated to 5 ml.The solution was 
passed through the alumina N SPE cartridge preconditioned 
by 10 ml acetonitrile.The analytes were eluted with 5 ml ace-
tonitrile : water (80 : 20, v/v).The eluent and loading solvents 
were combined and transferred to concentration bottle.Then 
5 ml 1-propanol was added and the solution was evaporated 
to near dryness. The residue was dissolved by ultrasonication 
for 1 min with 30 ml acetate buffer (pH 5). a second SPE 
cartridge (200 mg mWCNTs) was utilized to remove poten-
tial interferences. The SPE was conditioned with acetonit-
rile (5 ml) and water (5 ml) prior to loading the sample. The 
analytes were eluted with a mixture of 2 ml acetate buffer 
(pH 4.5) and 4 ml acetonitrile. The eluate was evaporated to 
1 ml under nitrogen stream in a 40 °C block heater and filte-
red through a 0.45 μm disposable syringe filter.

Results
The present procedure uses two SPE cartridges for 

clean-up because acetonitrile extracted a lot of endogenous 
compounds from meat sample.The first one, Sep-Pak alu-
mina N, is a polar sorbent SPE cartridge. The second SPE 
cartridge (mWCNTs) is a non-polar sorbent and was utilized 
to further cleanse the extract. 

The calibration graphs obtained by plotting peak area 
versus drug concentration in 0.1–10 μg ml–1 range are 
reported in Table I.
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The linear correlation coefficient (r2) are all above 
0.999.

Chromatograms of a blank sample and of a spiked sam-
ple of chicken muscle are shown in Fig. 1. and 2.

Under this extraction and pre-treatment procedure , the 
sulfonamide fortified chicken sample did not induce peaks 
interfering with Sas peaks. The recoveries of analytes were 
evaluated by spiking 0.5 and 1 μg of each standard analyte to 
10.0 g tissues. The results are listed in Table II.

Good recoveries ranging from 65.6 to 80.4 % were 
determined, which indicated that sample preparation proce-
dure was suitable for the analysis of Sas in chicken meat 
sample. 

as an application, 30 samples of commercial chicken 
meat purchased from local food market were analysed using 
the present method. No residue sulfonamide was detected in 
all meat sample. all HPLC chromatograms were free from 
interferences.

Conclusion
In this study , an analytical method to determine six Sas 

in chicken meat was developed utilizing two SPE cartridges 
for sample clean-up and pre-concentration of analytical com-
ponents prior to HPLC analysis. The newly developed sam-
ple pre-treatment procedure effectively removed the potential 
matrix interferences from endogenous compounds of meat. 
average recoveries of analytes from spiked meat ranging 
from 65.6 to 80.4 % of six Sas were determined.

This work has been supported by the Natio-nal Autho-
rity for Scientific Research of Romania, CEEX project no. 
62/2006.
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Table I
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 Sulfonamide tr [min] ba ab
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Fig. 1.	 The	chromatogram	of	blank	chicken	muscle

Fig. 2.	 The	chromatogram	of	the	spiked	sample	with	50	μg	kg–1	
of	the	following	sulfonamides:	1:SDA,	2:	SPY,	3:	SMR,	4:	SIO,	
5:	SMO,	6:SDM

Table II
recoveries of Sas in chicken meat tissue (n  =  3)

Sulfonamides Spiked [μg kg–1] recovery [%]
 SDa 50 78.  ±  2.3
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  100 78.7  ±  6.9
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Introduction
recently, a great deal of research effort has been devoted 

to sensorially active substances affecting beer quality. Qua-
lity of brewing materials, unhopped wort and hopped wort 
production technology, fermentation technology, beer matu-
ration and beer ageing contribute significantly to analytical 
and sensorial beer characteristics.

Heterocyclic and sulphur compounds, some of them with 
high sensorial activity even in extremely low concentrations, 
belong to sensorially active substances affecting beer quality 
principally1. Trace amounts of these compounds commonly 
detectable in food contribute to their flavor, therefore this ef-
fect can be generally assessed as favourable. In malt and beer, 
however, it is true to a limited extend only and the presence 
of heterocyclic and sulphur substances is evaluated rather 
negatively2. Sulphur compounds get into beer either with ini-
tial materials (malt, hop) or they are formed in the course 
of chemical or enzymatical reaction during the respective 
production phases (mashing, brewing, fermentation, ageing). 
Content of sulphur compounds in barley and hop depends not 
only on a variety but on a growing locality, course of weather 
and growing technology employed as well. In malt, content 
of sulphur substances depends first of all on malting techno-
logy and possible contamination with undesirable microor-
ganisms3. most of the sulphur compounds present in barley, 
malt and beer are non-volatile substances (amino acids, pro-
teins, inorganic sulphates). These substances do not directly 
account for unfavourable beer flavours and odours but under 
certain conditions they may be important precursors of senso-
rially active substances. These substances are, in majority of 
cases, volatile and their amount is usually less than 1 % of the 
total amount of the sulphur containing substances in beer, i.e. 
actual amounts of substances responsible for sulphur odours 
are extremely low4.

Experimental
S e n s o r i c a l l y  a c t i v e  S u l p h u r 
S u b s t a n c e

Following volatile sulphur substances were monitored: 
dimethylsulphide [75-18-3], dimethyl disulphide [624-92-0], 
dimethyltrisulphide [3658-80-8], carbondisulphide [75-15-0], 
ethylsulphide [75-08-1], diethyldisulphide [111-81-6], methi-
onol [505-10-2], 3-methylthiophen [616-44-4], ethylthioace-
tate [625-60-5], 2-methyl-1-buthanthiol [1878-18-8].

S e l e c t i o n  o f  t h e  a n a l y z e d  S a m p l e s
Sensorially active sulphur substances were determined 

in beers bought in retail stores. Six pale dispensed beers, 4 
dark, 6 lager and 3 non alcoholic beers were selected for the 
analyses.

The analyzed malt samples were produced from diff-
erent barley varieties (Bojos, Jersay, malz, Prestige, Tolar, 
Xanadu), from 3 growing stations (Branišovice, věrovany, 
vysoká).

D e t e r m i n a t i o n  o f  v o l a t i l e  S u l p h u r 
S u b s t a n c e s 

Direct analysis of sulphur sensorially active substances 
is not easily applicable regarding their very low concentrati-
ons (µg kg–1,dm–3 – ng kg–1,dm–3) in the analyzed matrixes 
(malt, beer)5,6. Prior to the analysis, the analytes must be 
extracted from the matrix and concentrated. The HS-SPmE 
method was used for extraction and concentration7,8. the 
Car/PDmS fibre was chosen as the optimum fibre for this 
technique. The gas chromatographic analysis with flame pho-
tometric detection was employed to determinate sensorially 
active sulphur substances.

HS-SPmE/ GC/ FPD conditions:

Chromatographic conditions:

Results	and	Discussion
Two types of fibres (PEG, Car/PDmS) were tested for 

the HS-SPmE analysis. Fig. 1 shows higher affinity to the 
Car/PDmS fiber for the analytes studied. This fibre was cho-
sen for the analysis of sulphur substances, sorption time was 
optimized at 45 °C. optimum sorption time was 30 minutes.

validation parameters for the relevant analytes are given 
in Table I.

Carbon disulphide, methionol, dimethylsulphide, 
3-methylthiophen and diethyldisulphide were detected in 
beers. Table II shows results of beer sample analyses.

In malt samples only dimethylsulphide was determined. 
results of malt analyses are given in Fig. 2.

 Sample: 2 ml of beer (vial 4 ml)
  6 ml of malt extract (vial 50 ml)
 Sample temperature: 45 °C, 10 min
 SPmE fiber: 85 μm Car™/PDmS
 Extraction: HS-SPmE, 30 min, 45 °C
 Desorption: 3 min, 250 °C

Capillary column: GS-Gaspro (30 m × 0.32 mm)
Thermal program: from 40 °C to 235 °C
Flow of carrying gas He: 1.5 ml min–1

PTv injector: 250 °C, splitless (3 min)
FPD detector: T detector – 150 °C, 
  T base – 250 °C
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Conclusions
The HS-SPmE/GC/FPD method was optimized and 

validated for the assay of sulphur volatile substances in malt 
and beer. This method determined following volatile sulphur 
substances in the beer sample: carbon disulphide, carbon 
disulphide, and dimethylsulphide in the sample of malt.

This work has been supported by project MSM 
6019369701 of Czech Ministry of Education.

Table I
validation parameters of the analyzed sulphur substances

 analyte range of calibration r2 LoQ [μg dm–3] Extended relative
  concentrations [μg dm–3]   uncertainty [%]
 carbon disulphide 0.04–0.15 0.9809 0.01 22
 methionol 2.4–10.0 0.9308 0.5 25
 ethylsulphide 0.15–0.70 0.9845 0.01 30
 dimethylsulphide 0.10–0.50 0.9898 0.005 3
 3-methylthiophen 0.05–0.20 0.9945 0.001 4
 dimethyldisulphide 0.03–0.15 0.9918 0.01 13
 2-methyl -1- buthanthiol 0.10–0.55 0.9768 0.05 29
 diethyldisulphide 0.2–0.8 0.9782 0.05 28
 dimethyltrisulphide 0.03–0.15 0.9956 0.005 25
 ethylthioacetate 0.03–0.15 0.9867 0.01 15

Table II
Contents of sulphur substances in beer

 [μg dm–3] Pale dispensed beers (n = 6) Pale lager beer (n = 6) Dark beer (n = 4) Nonalcoholic beer (n = 3)
 carbon disulphide 0.02–0.05 < 0.01 0.05 < 0.01
 methionol 4.30–6.20 2.0–3.34 2.03–4.01 < 0.5
 ethylsulphide < 0.01 < 0.01 < 0.01 < 0.01
 dimethylsulphide 0.85–1.45 0.29–0.67 0.9–1.29 1.0
 3-methylthiophen 0.10–0.16 < 0.001 0.18 < 0.001
 dimethyldisulphide < 0.01 < 0.01 < 0.01 < 0.01
 2-methyl -1-buthanthiol < 0.05 < 0.05 < 0.05 < 0.05
 diethyldisulphide 0.08–0.20 0.05–0.25 0.12–0.19 0.36
 dimethyltrisulphide < 0.005 < 0.005 < 0.005 < 0.005
 ethylthioacetate < 0.01 < 0.01 < 0.01 < 0.01

Fig. 1.	 Comparison	of	suitability	of	SPME	fibres	for	the	analy-
sis	of	sulphur	substances

Fig. 2.	 DMS	content	in	the	analyzed	malts
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Introduction
antioxidant activity of ferulic acid plays an important 

role in a biochemical process of beer production. Currently, 
causes of wort haze have been investigated and relationships 
between wort haze, filterability and beer quality have been 
studied. Information on ferulic acid may help elucidate cau-
ses of haze formation1.

Ferulic acid (4-hydroxy-3-methoxycinnamic acid) 
belongs to phenolic acids derived from cinnamic acid. It is a 
natural antioxidants and inhibitors of enzymatic browning. In 
plant cell walls it protects cells from the effect of pathogens, 
controls expansibility of cells, growth and affects biological 
digestibility. Ferulic acid is frequently a part of fibre where it 
is bound by ester linkage to hemicelluloses. 

Generally, ferulic acid plays a principal role in break-
down of barley caryopsis cell walls. High content of feru-
lic acid in walls can serve as a protection against premature 
hydrolysis. The presence of ferulic acid protects cell walls 
against microbial attack. It stops lipid peroxidation and is ef-
fective at suppression of hydroxyl radicals2,3.

The aim of our project was to determine the dependence 
of ferulic acid content on a barley variety and malting tech-
nology.

Experimental
Ferulic acid was determined in samples of eight barley 

varieties (Jersey, maltz, Bojos, radegast, Sebastian, Prestige, 
Tolar, and Xanadu). Barleys were from harvest 2007 and they 
came from two different growing localities – Krásné Údolí 
(forage area, worse growing conditions for spring malting 
barley) and věrovany (sugar-beet area, good growing condi-

tions for spring malting barley). malts were prepared in the 
micro malting plant of the malting Institute of the rIBm in 
Brno using the method with short steep and sucking off Co2. 
Wort was made by a so-called congress method, i.e. standard 
mashing procedure with finely ground malt. 

alcalic hydrolysis with 2 m of natrium hydroxide was 
used to release ferulic acid from compact homogenized sam-
ples. after pH adjustment, the extract was purified using the 
SPE (Solid Phase Extraction).

The purified extract was microfiltered and transferred to 
a vial. In liquid samples extraction with alcalic hydrolysis 
was omitted, following procedure remains the same. 

The samples were then analyzed using gradient elution 
on the UPLC WaTErS aCQUITY liquid chromatograph 
equipped with WaTErS 2996 PDa detector. mobile phase 
consisted of 0.05m phosphate buffer (pH 3.5) and acetonit-
rile. Column used was aCQUITY UPLC BEH C18 1.7 µm 
2.1 × 50 mm.

Results
Content of total ferulic acid was determined in a series 

barley – malt – wort. results are presented in the Table I.

Conclusions
The results of measurement prove the dependence of 

content of total ferulic acid on a variety and growing locality 
in the series barley – malt – wort.

Concentration of total ferulic acid in barley samples 
varied in the range of 650–950 mg kg–1 in dependence on a 
variety and growing locality.

Concentration of total ferulic acid in malt samples varied 
in the range of 900–1,740 mg kg–1 in dependence on a variety 
and growing locality.

Concentration of total ferulic acid in wort samples varied 
in the range of 6–9 mg dm–3 in dependence on a variety and 
growing locality.

Results were obtained in the framework of solution of 
projects: VZ MSM 6019369701 and MŠM VC 1M0570

Table I
Content of total ferulic acid in a barley – malt – wort chain from the localities Krásné Údolí and věrovany

   Krásné údolí   věrovany
  Barley malt Wort Barley malt Wort
  [mg kg–1] [mg kg–1] [mg dm–3] [mg kg–1] [mg kg–1] [mg dm–3]
 Jersey 746.1 1,012.6 7.99 825.1 1,537.0 8.09
 maltz 693.7 1,044.6 7.42 803.1 1,613.2 8.01
 Bojos 672.9 970.5 6.14 682.0 1,392.1 5.52
 radegast 806.7 1,067.0 6.05 844.1 1,361.6 5.91
 Sebastian 712.2 948.7 8.87 832.9 1,737.4 6.96
 Prestige 733.5 1,113.9 7.90 911.0 1,428.6 7.23
 Tolar 734.3 1,153.7 6.11 825.4 1,563.2 5.57
 Xanadu 648.8 905.9 6.44 692.4 1,263.0 8.45
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Introduction
Strobilurin pesticides represent an important group of 

fungicides with a broad efficiency spectrum. These fungici-
des began to be used commercially in 1996 and they were 
produced by the companies Syngenta (azoxystrobin) and 
BaSF (kresoxim-methyl)1.

Natural strobilurins (Strobilurus and Oudemansiella) 
were isolated from wood-rotting bracket fungi (Basidio-
mycetes). These wood decay fungi produce fungicidially 
acting substances in defense against lower fungi. The name 
strobilurine comes from Strobilurus tanacetus, one of the first 
fungi from which they were isolated (strobilurin a)1.

Strobilurins represent an important group of efficient 
fungicides and together with oxazoline-diones (famoxadone) 
and imidazolinones (fenamidone) they are Qo inhibitors 
(Quinone outside Inhibitors). Their action is based on inhi-
bition of mitochondrial respiration, they bind Qo instead of 
cytochrom b, which is a part of cytochromal complex bc1 
localized in the inner mitochondrial membrane of fungi. 
Binding blocks the transfer of electrons between cytochrom 
b and cytochrom c1, inhibiting thus production of aTP and 
disrupting the energy cycle of fungi. originally, strobilurins 
are natural substances produced by higher fungi, e.g. Stro-
bilurus tanacetus (strobilurin a), Oudimansiella mucida 
(oudemansin a). Chemically they belong to methoxyacryla-
tes (e.g. azoxystrobin and picoxystrobin), methoxycarbama-
tes (pyraclostrobin), oximino acetates (kresoxim – methyl, 
trifloxystrobin), ozimino-acetamides (dimoxystrobin, etc.), 
and dihydro-dioxazinones (fluoxastrobin). Their characters, 
including efficiency spectrum, are very variable. They affect 
mainly preventively, but also curatively and some even have 
eradicative effects. all of them act in contact, some of them 
in depth or translaminarily or systemically (azoxystrobin 
and picoxystrobin). They move acropetally in a plant. Their 
efficacy is very wide, they are active against sac fungi (as-
comycetes), bracket fungi, imperfect fungi and oomycetes. 
They are highly imperiled by the origin of resistance (cross 
resistance within the QoI fungicides)1,2.

resistance was proved in more pathogenic fungi. In 
cereals, powdery mildew (Blumeria graminis f.sp. tritici, 
Blumeria graminis f.sp. hordei), septoria blotch (Mycos-
phaerella graminicola), net blotch (Pyrenophora teres), 
helminthosporioses in wheat (Pyrenophora tritici – repen-
tis), and in the other crops, e.g. in apple, scab (Venturia 
inaequalis), grapevine downy mildew (Plasmopara viticola), 
and grapevine powdery mildew (Erysiphe necator). When 
applying strobilurins, observance of all provisions is highly 

recommended to avoid the development of resistance1,2,3.
Following fungicides are used against fungal diseases 

of barley in the Czech republic azoxystrobin (amistar), 
picoxystrobin (acanto, acanto Prima), trifloxystrobin (Sfera 
267.5 EC), fluoxystrobin (Fandango 200 EC), and kresoxim-
methyl (Juwel, Juwel Top). azoxystrobin (ortiva) is registe-
red against fungal diseases of hop in the Cr.

Considering the increase in the extent of strobilurin use 
in the protection of barley and hop and their stability in a 
plant, it is necessary to introduce monitoring of their resi-
dues, intermediaries and final product.

Experimental
25 samples of beer, 50 samples of malt and 50 samples 

of barley were analyzed. 
60 ml of methanol/acetone mixture was added to 20 g of 

ground matrix. Disintegration of the mixture was performed 
in an ultrasound bath for 30 minutes. The disintegrated 
mixture was centrifuged at 6,500 rev min–1 for 15 min at 
10–15 °C. The obtained solutions were transferred to boiling 
flasks (250 ml) and evaporated to dryness on a vacuum eva-
porator. The obtained dry residue was dissolved with 20 ml 
of distilled water in the ultrasound bath for 1 minute. mixture 
was purified through the SPE column ENvI™CarbII/PSa.

pH of the beer sample (100 ml) is adjusted to pH 6 by 
adding NaoH solution and the sample is then purified th-
rough the LiChrolut column.

The analyses of samples were performed on a gas chro-
matograph (trace gC ultra, thermo Finnigan) connected 
to a mass detector (Trace DSQ, Thermo Finnigan). To sepa-
rate the analyzed substances a DB5-mS capillary column 
(30 m × 0.25 mm i.d., 0.25 mm) with following thermal pro-
gram was used: initial temperature 70 °C for 1 min., increase 
in temperature 10 °C min–1 to 280 °C, maintained for 5 min. 

Table I
Barley, malt (SPE-EnviCarbII/PSa)

  SPE LoQ rSD  recovery [mg kg–1] [%]  [%]
 azoxystrobin 83–88 0.003 8–12
 kresoxym - methyl 80–84 0.002 5–7
 picoxystrobin 85–90 0.002 5–7
 trifloxistrobin 82–87 0.002 7–10

Table II
Beer (SPE-LiChrolut)

  SPE LoQ rSD  recovery [mg kg–1] [%]  [%]
 azoxystrobin 88–90  0.003 < 8
 kresoxym – methyl 87–90 0.002 < 5
 picoxystrobin 90–95 0.002 < 5
 trifloxistrobin 87–91 0.002 < 5
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Programmed flow of carrying gas He was from 1.5 ml min–1 
to 3 ml min–1. Temperature of PTv injector 280 °C, splitlless 
regime for 0.8 min. Temperature in the transfer line between 
GC and mSD was 200 °C. mass spectrometer was adjusted 
in SCaN (50–450 m/z) and SIm (Selected Ion monitoring) 
mod (ei+ – positive electron ionisation) and selected values 
(m/z) for relevant analytes were as follows:

azoxystrobin – 344, 388 (m/z)
trifloxistrobin – 116, 131, 222 (m/z)
picoxystrobin – 145, 335 (m/z)
kresoxym – methyl – 116, 131, 222 (m/z)

Results
The method for determination of strobilurins in barley, 

malt and beer was optimized. validation parameters for the 

•
•
•
•

individual matrices and SPE columns are given in Table I and 
Table II. Contents of strobilurins in all the analyzed samples 
were below the limit of quantification (Table III).

This work has been supported by project MSM 
6019369701 of Czech Ministry of Education.
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Table III
Content of strobilurin residues in the analyzed samples
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Introduction
Several factors influence the aroma profile during the 

alcoholic fermentation of the grape must. one of the widely 
discussed topics is the using of apiculate microflora and its 

contribution to the aroma of wine. Several authors have stu-
died1–3 the behaviour of various yeast genera – Kloeckera, 
Pichia, Bretanomyces and their contribution to the wine 
aroma, considering the apiculate microflora as spoilage. our 
previous results4 confirmed the role of apiculate microflora 
in the wine aroma production under semiaerobic conditions 
and support of the original character of wine by apiculate 
microflora.

The aim of this work was to determine the effect of 
changes in external conditions – oxygen, temperature or sub-
strate composition on the sensorial expression of genera Rho-
dotorula, Sporobolomyces, Pichia, Hansenula Issat-chenkia, 
and Torulospora under the winemaking process. all above 
mentioned factors influence positively or negatively the final 
wine product. multivariate analysis of variance was used to 
determine the overall weight of each one factor.

Table I
Sensorial evaluation of fermented grape must by various yeast strains under various fermentation conditions

 anaerobic conditions anaerobic conditions
 grape must synthetic medium
 yeast strain 10°C 25°C 10°C 25°C
  aroma percept aroma percept aroma percept aroma percept
 C. intermediata yeast + sulphuric – grape + acetic –
 R.mucilaginosa socks smelly – yeast + yeast + socks smelly –
 T.delbruecki yeast + acetic – sweety + bread –
 S. cerevisiae acidic – fruity + sulphuric – sulphuric –
 I. orientalis autolyses – acethone – yeast – not recognised –
 Pichia anomala acethone – acidic – fruity + acethone –
 S.cerevisiae yeast – sulphuric – fruity + acethone –
 P. membranofaciens autolyses – sulphuric – socks smelly – Not recognised –
 R.mucilaginosa autolyses – acidic – corny + sweet –
 P. anomala acethone – fruity– apple + candy floss + Not recognised –
 Sp.pararoseus Not recognised + fruity  + socks smelly – acethone –
 S.cerevisiae acidic – sulphuric – rubber smell – autolyses –
 S.cerevisiae fruity + sulphuric – acidic + autolyses –
 Semiaerobic conditions Semiaerobic conditions
 grape must synthetic medium
  yeast strain 10°C  25°C 10°C  25°C
  aroma percept aroma percept aroma percept aroma percept
 C. intermediata acidic – fruity + floral + fruity +
 R. mucilaginosa acethone – fruity + frowstilly – vanilla +
 T.delbruecki vanilla + vanilla + honey + fruity +
 S. cerevisiae autolyses – grape + sulphuric – acetic –
 I. orientalis acethone – fruity + autolyses – autolyses –
 P. anomala honey + fruity + fruity + fruity +
 S. cerevisiae honey + acetic – yeast + floral +
 P. membranofaciens yeast + acetic – medical – yeast +
 R.. mucilaginosa honey + fruity + sulphuric – Not recognise –
 P. anomala honey + fruity – sweety + yeast +
 S. pararoseus yeast + fruity + sweety + Not recognise +
 S. cerevisiae yeast + yeast + sweety + Not recognised +
 S. cerevisiae yeast + fruity – Not recognised + Not recognised +
 S. cerevisiae yeast + fruity – autolyses – Not recognised +
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Experimental
Following yeast strains were isolated from the grape 

must: Rhodotorula mucilaginosa (2 strains), Sporobolomyces 
pararoseus, Pichia membranefaciens, Pichia anomala (2 
strains), Candida intermediata, Torulospora delbruecki, and 
Issatchenkia orientalis. For comparison 4 Saccharomyces 
cerevisiae yeast strains were also used. Two of them were 
isolated from the grape must; two of them were commercial 
active dry yeast strains (Lallemand). 

Fermentation media: grape must or semisynthetic 
medium (10 g dm–3 glucose, 5 g dm–3 (nh4)2So4, 2 g dm–3 
Kh2po4, 1 g dm–3 mgSo4

.7h2o, 0.1 g dm–3 CaCl2.2h2o, 
0.1 g dm–3 naCl, 3 g dm–3 yeast autolysate, were used. The 
fermentation processed under semiaerobic and anaerobic 
conditions at the temperature 10 and 25 °C, respectively.

at the end of fermentation process the samples were 
sensorially evaluated by a group of degustators. 

The identical samples were subsequently analysed by 
gas chromatography for the aroma compounds production. 
Each sample was analysed on the GC mS (Shimadzu QP 
2010) equipment and also on the GC FID equipment (GC 
8000 Ce instruments). 

Two methods of sample preparation were done: 
Samples (20 ml) were extracted by ether (2 ml), and cen-
trifuged prior to analysis. The etheric extract was used 
for analysis. (liquid – liquid extraction). This method 
was used for higher alcohols (propanol, isoamylacohol, 
ethyl esterand esters determination.
Samples were extracted by Tenaq (solid phase microe-
xtraction) and than 10 min sampled in the GC according 
to5.

The same column and the same conditions were used by 
both analysis: Column: DB WaX 30 m, 0.25 × 0.25, tempe-
rature programme: 30 °C, hold 2 min, increase by 4 °C min–1 
up to 230 °C, hold 10 min, 1 ml of sample was injected to 
injection port at 200 °C, detector temperature 220 °C, carrier 
gas: helium, injektion mode: split 1 : 100, flow control mode: 
pressure 70 kPa

Results
maNova test was used to explain the variation in the 

aroma compounds produced by various yeast strains under 
aerobic/anaerobic conditions. The aerobic conditions influ-

•

•

enced the variance in several compounds like ethylacetate, 
izoamylacete, and propanol.

The other important factor was the temperature. When 
the temperature increased more compounds were produced 
by all yeast strains, but the effect of higher temperature was 
negative. From the statistical view point the less important 
factor was evaluated by the media composition, interpreting 
only 5 % of data variance.

Table I shows the sensorial evaluation of fermented 
grape must by various yeast strains. There were differences in 
the specific aroma in several cases. For example rhodotorula 
mucilaginosa was recognized as fruity aroma in fermenting 
grape must, and as vanillic aroma fermenting the synthetic 
media under semiaerobic conditions, however socks smelly 
and yeasty under anaerobic ones. Similar results were obtai-
ned by Torulospora delbruecki, fermenting semiaerobically 
grape must, however “only” honey and fruity aroma fermen-
ting synthetic medium.

Conclusions
Using statistical data, we confirmed that the aroma com-

pounds production is strongly influenced by the presence of 
oxygen. The temperature affected the production of aroma 
compounds to the lower extend and the media composition 
had the minor impact.

The changes in the sensorial evaluation of aroma are 
more intensive and important than changes in the chemical 
composition. 

Under defined conditions the apiculate microflora can 
produce aromas which directly contribute to the variety or 
origin character and highly improve them.
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Introduction
Fermentation technology is one of the oldest food tech-

nology applications. The use of starter cultures in the field of 
meat fermentation has been reviewed several times1–3. Starter 
cultures have been used in the sausage production to reduce 
fermentation time, ensure low residual nitrate and nitrite 
contents in the end product and standardize the organolep-
tic characteristics2. Starter microorganisms can also improve 
safety and stability of the product, extending the shelf life 
and provides diversity resulting in new sensory properties. 
metabolic activities of the microorganisms used as starters 
are essential for the desirable changes determining the par-
ticular characteristics of the fermented meat product. Lactic 
acid bacteria represent the most important group of starter 
microorganisms as they are well adapted to the meat environ-
ment and are involved in all changes occuring during fermen-
tation and ripening3.

In the last years, the adding of probiotics into fermented 
sausages became more and more popular. It has confronted 
new challenge in the area of functional food. Probiotics are 
defined by the Fao/WHo as live microorganisms which 
when administered in adequate amounts confer a health ben-
efit on the host. When ingested in sufficient numbers regu-
larly, probiotics are believed to play an important role in the 
control of host intestinal microbiota and maintenance of its 
normal state4. The presence of adequate number of live pro-
biotic cells in fermented sausages in the time of consump-
tion represents the first challenge for the development of such 
probiotic product, taking the recommended dose of at least 
108 cells a day1. 

Biogenic amines are organic molecules which occur in 
wide variety foods, mainly fermented foods like meat and 
dairy products5–8. They are formed mainly by decarbox-
ylation of amino acids or by amination and transamination 
of aldehydes and ketones9. When high amounts of biogenic 
amines are consumed or when normal methabolic pathways 
of amine catabolism are inhibited, various negative effects 
like hypertension or hypotension, nausea, headache, cardiac 
palpitation or other complications can occur10. When applied 
into fermented foods, some probiotic were described to de-
crease biogenic amines formation (Sacco, Italy). To evaluate 
this theory, this study was carried out.

Experimental
The aim of this work was to study the effect of probiotic 

bacteria L. casei in the mixture with two different starter cul-
tures (1 – Staphylococcus carnosus, Lactobacillus curvatus; 
2 – Pediococcus acidilactici) on biogenic amine formation 
during fermentation, ripening and storage of typical Czech 
fermented sausages „Herkules“. other parameters like pH, 
total counts of microorganisms, LaB, counts of probiotic 
L. casei and the amounts of biogenic amines tyramine, hista-
mine, putrescine and kadaverine were determined.

B a c t e r i a l  C u l t u r e s
Probiotic culture L. casei 431 (Sacco, Italy) was ob-

tained in lyofilized form. Two different starter cultures 
(i) Lactobacillus curvatus, Staphylococcus carnosus and 
(ii) Pediococcus acidilactici were used for production of fer-
mented sausages. 

S a u s a g e s  P r o d u c t i o n
Two batches of sausages called „Herkules“ were made 

using as follows: mixture of frozen pork and pork fat (80 %), 
beef (20 %), sugars (0.6 % dextrose), 2.5 % nitrate salt (with 
0.9 % nitrite), E 250, E 316 and spices were added accord-
ing to traditional recepture. Furthermore, 0.025 % starter 
(1 and 2) and the same amount of probiotic bacteria (L. casei) 
were added. Two control batches (starters 1 and 2) with no 
probiotic bacteria were included. The sausages were smoked 
for 6 days at 26–24 °C and processed in climate chamber 
in accordance with a traditional four weeks programme  
(11–13 °C, 75 % relative humidity). after fermentation, sau-
sages were ripened at 15 °C for further 21 days.

p h  m e a s u r e m e n t
pH was measured directly from the sausages as the mean 

value of three measurements in the day of production and 
after 3, 5, 7, 14, 21, 28 and 49 days of fermentation and rip-
ening.

m i c r o b i o l o g y  a n a l y s i s  o f  S a u s a g e s
Three sausages from each batch were analyzed at the day 

of production and after 14, 28 and 49 days after production 
to observe probiotic counts. Ten grams of each sample were 
homogenized in 90 ml of ringer solution (Noack, France) us-
ing Stomacher. 1 ml of appropriate dilution was plated on: 
(i) Plate count agar (PCa, Noack, France) to determine total 
microbial count; (ii) mrS agar (merck, Germany) to count 
lactic acid bacteria (LaB); (iii) mrS agar (Noack, France) 
containing 112 mg dm–3 moxalactam (Sigma-aldrich, Ger-
many) for selective enumeration of L. casei. Plates for enu-
meration of total microbial count were incubated at 30 °C for 
72 hours. all other plates were incubated anaerobically for 
3 days at 37 °C. 

B i o g e n i c  a m i n e s  D e t e r m i n a t i o n
The analytical determinations of biogenic amines were 

performed in triplicate. The amount of 10 g of each sausage 
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sample was weighted into the plastic test tube. a volume 
of 0.5 ml of an internal standard, 1,7-diaminoheptane, with 
concentration 1 mg ml–1 was added to the sample and it was 
extracted with 20 ml of 5% trichloroacetic acid for two min-
utes using a disintegrator Heidolph Diax 900 (Heidolph In-
struments, Germany). Suspension was then centrifuged for 
10 minutes (3,000 rpm, 4 °C). The supernatant was filtered 
through paper filter (Filtrak no. 390) and the solid residue 
was extracted for the second time (using method described 
above). Both extracts were collected into one tube, filled in 
50 ml with 5% trichloroacetic acid and filtered through the 
nylon membrane filter (13 mm, 0.45 μm, Chromatography 
research Supplies, Edison, USa). an aliquot 1 ml of an ex-
tract was mixed with 0.5 ml of saturated sodium carbonate 
solution (Sigma-aldrich, s.r.o, Prague, Czech republic) and 
derivatized with 1 ml of acetonic solution of dansyl chloride 
(5 mg ml–1) for 1 hour at 40 °C. The excess of unreacted 
derivatisation agent was removed by reaction with 250 μl 
10mm ammonia solution. Derivatized biogenic amines were 
then extracted into diethyl ether (3 × 1 ml); etheric extract 
was evaporated to dryness and dissolved in 500 μl of ace-
tonitrile. The same procedure was applied on standard solu-
tion of biogenic amines (Sigma-aldrich). Biogenic amines 
were determined as described in Burdychova and Komprda11 
and Burdychova and Dohnal12 by high performance liquid 
chromatography with Uv detection at 254 nm. The forma-
tion of biogenic amines by starter and probiotic cultures was 
screened as described by Burdychova and Dohnal12.

Results
m i c r o b i a l  C o u n t s

a number of health benefits have been claimed for pro-
biotic bacteria such as Lactobacillus casei. Because of the 
potential health benefits, this organism is increasingly incor-
porated into fermented foods. However, studies have shown 
low viability of this probiotic in market preparations13.

In both bathes with probiotic bacteria, L. casei was de-
tected at concentration of 104 CFu g–1 during ripening period 
and stayed at this level during the whole storage period. The 
changes in probiotic flora during ripening and storage of sau-
sages are shown in Fig. 1. Initial LaB counts in probiotic 
batches were significantly higher than in the control samples 
without probiotics (p < 0.05), due to the inoculation of star-
ter strains. During first 14 days of ripening LaB numbers 
reached levels up to 107 CFu g–1 in all batches; thereafter, 
during next 14 days of ripening, the counts of LaB signifi-
cantly decreased in all batches to the level of 106 CFu g–1. 
The total microbial count reached levels up to 108 CFu g–1 
in all batches during first 14 days of ripening and their counts 
gradually decreased to the level of 107 CFu g–1 during next 
14 days of ripening and 21 days of storage (data not shown). 

To provide health benefits, the suggested concentration 
for probiotic bacteria is 106 CFu g–1 of a product13 and daily 
consummation of 100 g of such product is recommended. 
However, the minimal dose is depended on several factors 
such as individual person, probiotic strain and type of food 

product14. on the other hand, dry sausages are products, 
which may be suitable carriers for probiotics into the human 
gastrointestinal tract. The question still is, if those types of 
meat products can be called functional foods and consumed 
daily.

B i o g e n i c  a m i n e s  F o r m a t i o n
Biogenic amines are formed by the microbial decarbo-

xylation of free amino acids in food15 and they are generally 
present in dry sausages as reviewed by maijala16 and eerola 
et al.17 as described by Buckenhüskes18, the absence of bio-
genic amines formation should be a selection criterion for 
strains used as meat starter cultures. In our study was con-
firmed that neither starter nor probiotic cultures formed bio-
genic amines (results not shown). all sausages were analyzed 
for biogenic amines by HPLC. The concentrations of Ba in 
the raw material were low but during ripening, fermentation 
and storage period a sharp rise occurred in both control and 
probiotic batches. The only Ba which were at low levels 
during the whole ripening and storage periods was histamine, 
which concentrations varied from 0.5 to 2.5 mg kg–1 in all 
batches (data not shown). Nout19 pointed out that histamine 
contents should be in the range of 50–100 mg kg–1 in sausages 
processed according to „Good manufacturing Practice“, the 
amount of histamine measured in this study is in agreement 
with this rule.

Putrescine was the main amine formed in both control 
batches, followed by cadaverine and tyramine. The concen-
tration of putrescine increased from 1.9 to 101.2 mg kg–1 
(control batch 1) and from 4.6 to 350.5 mg kg–1 (control 
batch 2). The amount of cadaverine increased from 2.0 to 
39.9 mg kg–1 (control batch 1) and from 11.7 to 81.6 mg kg–1 
(control batch 2). The level of tyramine increased from 6.3 to 
204.4 mg kg–1 (control batch 1) and from 10.5 to 300.4 mg kg–1 
(control batch 2), respectively. In this study, putrescine, cada-
verine and tyramine accumulation was significantly inhibited 
in probiotic sausages when compared with controls without 
probiotic L. casei culture. putrescine concentration increased 
gradually during ripening and storage period, reaching levels 
53.7 mg kg–1 (probiotic batch 1) and 163.5 mg kg–1 (probio-

Fig. 1.	 Changes	 of	 probiotic	 L. casei	 during	 ripening	 (0–28)	
and	storage	(28–49)	of	sausages	„Herkules“,	▲	starter		+	probio-
tic	L. casei,	♦	starter	2	+	probiotic	L. casei
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tic batch 2) and at the end of storage. Cadaverine amounts 
increased gradually during ripening period, during storage 
period level down to 13.2 mg kg–1 (probiotic batch 1) and 
46.3 mg kg–1 (probiotic batch 2). The levels of tyramine fol-

lowed the same trend reaching concentrations 144.6 mg kg–1 
(probiotic batch 1) and 137.5 mg kg–1 (probiotic batch 2) at 
the end of storage period. The results are shown in Fig. 2. 
and Fig. 3.

Fig. 2.	 Changes	 of	 BA	 during	 ripening	 (0–28)	 and	 storage	
(28–49)	 of	 sausages	 „Herkules“.	 (A)	 tyramine	 concentrations,	
(B)	 putrescine	 concentrations,	 (C)	 cadaverine	 concentrations.	
▲	starter	1,	♦	starter	1	+	probiotic	L. casei	(control	batch	1)

Fig. 3.	 Changes	 of	 BA	 during	 ripening	 (0–28)	 and	 storage	
(28–49)	 of	 sausages	 „Herkules“.	 (A)	 tyramine	 concentrations,	
(B)	 putrescine	 concentrations,	 (C)	 cadaverine	 concentrations.	
▲	starter	2,	♦	starter		+	probiotic	L. casei	(control	batch	2)
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The allowable maximum level of tyramine in foods 
is 100–800 mg kg–1 and 1,080 mg kg–1 is toxic20. the tyra-
mine contents were lower than these values in all cases. 
nout19 concluded that for „Good manufacturing Prac-
tice“, the amount of tyramine should be in the range of  
100–800 mg kg–1. I was described21–23 that with occurrence 
and accumulation of biogenic amines putrescine and cada-
verine largely contributes the contaminant microbial popula-
tion (such as enterobacteria). Probiotic L. casei has evidently 
inhibitory effect on the growth of this bacteria or formed 
metabolites which influence the production of Ba. 

p h
pH profiles of control and probiotic batches were almost 

the same (data not shown). During the first 3 days of ripening, 
the pH of all sausages decreased (P < 0.05) to about 4.1–4.5 
due to production of lactic acid and other organic acids by 
lactic acid bacteria as described by Lücke3. after that, pH 
increased (P < 0.05) due to decomposition of acids to become 
almost constant. Some authors have reported that the main 
reason for low levels of biogenic amines is the low pH during 
r ipening period6. In this study, no correlation between pH 
and biogenic amines formation was found.

Conclusions
Some authors published that the inoculation of com-

petitive and decarboxylase-negative starter cultures has been 
shown to be a useful tool to inhibit spontaneous aminogenic 
microflora and thus considerably reduce aminogenesis24,22. 
It seems that the lowering of Ba concentrations by probiotic 
Lactobacillus casei described in this study is in agreement 
with these statements. Evidently, L. casei 01 (Sacco, Italy) 
was well adapted to meat fermentation and could have inhibi-
tory effect on microorganisms producing Ba.
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Introduction
mycotoxin contamination of food and feed is a high 

risk to human and animal health2. The majority of the causal 
organisms are producers of mycotoxins such as highly toxic 
trichothecenes4. Four types of trichothecenes are described, 
type a and type B, which differ in the presence or absence of 
a keto group at C-8 of the trichothecene skeleton, type C with 
additional epoxydic group and macrocyclic type D. The most 
common trichothecene in cereals is type B trichothecene deo-
xynivalenol (DoN).

Deoxynivalenol, also called vomitoxin, is produced by 
Fusarium fungi, such as F. graminearum or F. culmorum. it 
has negative effect on animal growth and health. DoN inhi-
bits the synthesis of DNa, rNa and proteins at the ribo-
somal level. High doses causes the vomiting in pigs, lower 
concentrations in the diet reduces feed intake and animal 
growth5. Different physical and chemical methods have been 
recommended for detoxification of mycotoxin-contaminated 
food and feed. Nevertheless, only a few of them have been 
accepted for practical use. Thermal degradation of trichothe-
cenes is not so effective, because they are relatively stable 
and they decomposes at 210 °C within 30–40 min10. From 
physical methods are the most frequently used feed additives 
on sorbent basis, such as bentonite or active charcoil. The 
disadvantages of adsorbents are their relatively high dosage 
and sorption of biologically active compounds, e.g. vita-
mins or trace metals. In addition, the sorbents can bind to 
only a limited group of mycotoxins and in some cases does 
not provide required effect7. Biological decontamination of 
mycotoxins using microorganisms is one of the well-known 
strategies for the management of mycotoxins in food and	
feed. Biological decontamination of mycotoxins by different 
microorganisms was reviewed several times.1,8,11,15 there 
are two ways of action – sorption on cell walls or enzymatic 
degradation, for example using epoxydase. De-epoxylated 
form is less toxic than original DoN. among the different 
potential decontaminating microorganisms, the genus Sac-
charomyces represent the unique group, which is widely used 
in food fermentation and preservation. The aim of this study 
was screening of ability of different Saccharomyces species 
to remove deoxynivalenol from liquid medium.

Experimental
m i c r o b i a l  C u l t u r e s  a n d  C u l t u r e 
C o n d i t i o n s

all cultures were obtained from Culture Collection of 
Yeast (Bratislava, Slovakia). The cultures were Saccharo-
myces cerevisiae 201; isolated from loaf of hornbeam, Sac-
charomyces bayanus 21-31-12; isolated from mushrooms, 
Saccharomyces paradoxus 2 isolated from needles of spruce, 
Saccharomyces paradoxus 21-53-2 isolated from soil and 
Saccharomyces paradoxus isolated from the loaf of locust. 
all cultures were cultivated in Plate Count Broth (PCB; 
merck, Germany) at 30 °C for 48 hours and then subcultured 
by transfering 4 ml of the culture to the cultivation test tube. 
Three replicates per sample of inoculum were used at each 
measuring. on the base of o. D. (600 nm) values that have 
been taken during the cultivation of yeasts with deoxinyvale-
nol the analysis of their counts has been done.

P r e p a r a t i o n  o f  Y e a s t  C u l t u r e s  f o r 
T e s t i n g  o f  D o N  S o r b t i o n

all used chemicals were analytical or gradient grade. 
Standard of deoxynivalenol (DoN) was obtained from 
Sigma-aldrich, s.r.o. (Czech republic). The stock solu-
tion of DoN was prepared by dissolution of 1 mg of DoN 
in 5 ml of acetonitrile to give solution with concentration  
0.2 mg ml–1. The solution was stored at –18 °C. Working 
solutions for calibration curve measurement were prepared 
by dilution of stock solution.

The amount of 0.5 μg of DoN was transferred to test 
tube and evaporated to dryness. In the next step, 4 ml of cul-
tivation media (PCB) with yeasts were added to the test tube 
and the sample was cultivated in thermostated box at 30 °C 
for 4 hours. The concentration of free DoN was measured at 
the beginning of cultivation and after 4 hours of cultivation.

Prior the DoN determination it was necessary to remove 
yeasts from culture medium using ultrafiltration through 
polytetrafluoroethylene membrane filter (SmI-LabHut Ltd., 
UK) with pore size 0.20 μm. after this step, the filtrate was 
diluted with acetonitrile (in ratio 16 : 84). Next, the clean-up 
with mycoSep® 225 Trich was applied. Briefly, 5 ml of solu-
tion was transferred to the glass tube and pushed through the 
mycoSep® 225 Trich column. 2 ml of this eluate were eva-
porated to dryness and redissolved in 400 μl of HPLC mobile 
phase. mobile phase consisted of 1mm formic acid/acetonit-
rile (90 : 10, v:v) with flow rate 1 ml min–1.

C h r o m a t o g r a p h i c  D e t e r m i n a t i o n  o f 
D o n

the hpLC system hp 1100 (agilent technolo-
gies, Palo alto, USa) consisted of vacuum degasser unit 
(model G1322a), quaternary pump (G1311a), autosampler 
(G1313a) and quadrupole mass spectrometer (G1946vL) 
with electrospray ionization was used. The ChemStation soft-
ware (rev. a 10.02) controllig chromatographic system and 
was used for chromatogram evaluation.



Chem. Listy, 102, s265–s1311 (2008) Food Chemistry & Biotechnology

s606

analytical determination of DoN was performed on 
reverse-phase chromatographic column LUNa (250 × 4.6 mm, 
particle size 5 μm; Phenomenex, USa). DoN was detected on 
mass spectrometric detector (mS) as positively charged ions: 
[Don + h]+, m/z  =  297 and [DoN + Na]+, m/z  =  319). The 
time of analysis was 15 min, DoN was eluted at 10.9 minu-
tes. The separation was performed at laboratory temperature. 

The calibration curve was measured using standard addi-
tion method. The appropriate amount of DoN was added into 
pure cultivation media solution and processed in the same 
way as the real samples.

Results
Knowledge on interaction of yeasts with mycotoxins 

goes back more than three decades6,12.
The yeast of the genus Saccharomyces were described 

as capable to bind different types of mycotoxins, like  
aflatoxins14, ochratoxin a13, T2 toxin and zearalonon9.

In this study, isolates of yeasts belonging to different 
species of the genus Saccharomyces were tested for deoxi-
nyvalenol binding. 

First of all, the detection of DoN in culture medium was 
tested. It was observed that the detector signal is much lower 
when analyzed DoN in culture medium (PCB) than when 
analyzed it in pure mobile phase (see Fig. 1. and 2.).

The reason of this phenomenon could be the lowering of 
deoxynivalenol inonization caused by interfering compounds 
in culture medium.

The detector signal of initial concentration of deoxy-
nivalenol in culture medium was taken as 100 % for futher 
calculations.

In all culture batches there was observed decrease in the 
concentration of DoN, which was measured using HPLC. 

of the 5 Saccharomyces isolates, all of them were able 
to sorbe DoN.

Fig. 1.	 Elution	of	DON	in	mobile	phase

Fig. 2.	 Elution	of	DON	in	culture	medium	(Plate	Count	Broth)
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The percentages of lowering of DoN concetrations af-
ter cultivation with all Saccharomyces isolates are shown in 
Table I. 

The maximum sorbtion of deoxinyvalenol was observed 
in all yeasts strains immediately after DoN addition to cul-
ture medium with cultured yeasts.

The next cultivation did not significantly influenced fur-
ther lowering of DoN concentration.

most of the yeast strains bound more than 70 % (w/w) of 
deoxinyvalenol. The only isolate from soil (Saccharomyces 
paradoxus 21-53-2) bound less than 20 % (w/w) of the added 
toxin in PCB. 

It follows from Table II that the most significant decre-
ase of live yeast cells was detected at isolate of S. bayanus 
(isolated from muschrooms). 

This strain was the most sensitive to deoxynivalenol. 
on the other hand, the most resistant to deoxynivalol was 
S. paradoxus (isolated from the loaf of locust).

From results obtained in this study it is clear that the 
ability to sorb deoxynivalenol by several strains of the genus 
Saccharomyces was demonstrated. Commertially, the yeast 

cell walls are applied as feed additives (mycosorb). Their 
detoxifying activity is based on complex formation between 
glucomannan and mycotoxins.

Conclusions
It seems that, according to results of experiments rea-

lized till present time, microorganisms are the main living 
organisms applicable of mycotoxin biodegradation. Further 
screening of microorganisms for their ability to sorbe deoxy-
nivalenol may lead to detection of more efficient and better 
applicable yeasts and bacteria.
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Table I
Lowering of DoN concentration [%] in culture media with 
different Saccharomyses strains

 
yeast strains

 Incubation time [hours]
   0 4 8
  Concentration [%]
 S. cerevisiae 67.71 71.12 78.15
 S. bayanus 67.75 68.07 72.05
 S. paradoxus 66.04 67.92 75.65
 S. paradoxus 5.83 12.67 18.95
 S. paradoxus 57.77 62.61 76.25

Tabulka II
The yeasts concentration in cultivation media after addition 
of DoN

 
yeast strains

 Incubation time (hours)
 0 4 8
 yeast concentration [CFu ml–1]
 S. cerevisiae 1.4 × 107 1.3 × 106 1.1 × 105

 S. bayanus 1.9 × 107 1.6 × 105 1.5 × 104

 S. paradoxus 1.7 × 106 1.6 × 105 1.3 × 105

 S. paradoxus 9.9 × 104 4.0 × 104 5.5 × 103

 S. paradoxus 4.5 × 105 1.5 × 105 1.1 × 105
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Introduction
oligosaccharides (oS) including maltooligosacharides 

(moS) are essential non-volatile compounds in fermenta-
tion processes appeared in a wide range of food products and 
beverage production involving beer. Specifically, monitoring 
of changes in carbohydrate pattern before, during, and after 
the malting is of great fundamental and practical significance 
for brewing technologies and the sensory characteristics of 
the beer.1−3

The intent of the study was to optimize analytical condi-
tions for separation and quantification of the oS in the con-
gress wort, hopped worth, green beer, and lager beer.

Experimental
m a t e r i a l s  a n d  m e t h o d s

Standards of moS (Sigma-aldrich, St. Louis, USa) 
with degree of polymerization (DP) from maltotriose (ma3) 
up to maltoheptaose (ma7) were used for the primal iden-
tification and column calibration. Separation was achieved 
on 1100 Series HPLC system equipped with refractive index 
(rI) detector (agilent Technologies) on Prevail Carbohydrate 
ES analytical column (250 × 4.6 mm, 5 μm; alltech) using 

a mixture of acetonitrile (aCN)/water 3 : 2 (v/v) with a flow 
rate of 1 ml min–1 and 10 μl injection loop.

S a m p l e s
Eleven defined varieties of wort samples (congress wort, 

hopped worth, and green beer) were harvested during the year 
2006 in different regions all around the Europe. For compa-
rison one sample of home-made lager beer with 5.0 % (v/v) 
of ethanol was used. Samples were sonicated for 10 minutes, 
centrifuged and filtered with 0.22 μm PvDF millipore filter 
(millipore, Bedford, USa) before analysis.

Results
Standards of non-derivatized moS from ma3 up to 

ma7 were separated using different ratio of aCN/water to 
find optimal separation conditions. The ratio of 3 : 2 (v/v) 
enabled simultaneous and sufficiently selective separation 
in 20 minutes duration. Then, calibration dependencies were 
determined. Standard solutions of moS in the concentration 
range of 0.25–10.0 mg ml–1 for ma3, 0.25–5.0 mg ml–1 for 
ma4, and 0.2–2.0 mg ml–1 for ma5, ma6, and ma7 were 
prepared by dissolving in mixture of aCN/water 1 : 1 (v/v). 
Triple injections were used for each standard solution and 
the peak areas were plotted against the corresponding con-
centration. The concentration dependencies were linear with 
correlation coefficients about 0.99 for all standards. 

after optimization, samples of eleven different barley 
varieties of congress wort, hopped worth, green beer, and 
the lager beer were separated using HPLC according to their 
DP. Elution time below 45 minutes for all wort samples was 
observed (Fig. 1.). 

Individual peaks in chromatogram (Fig. 1.) were labeled 
by DP in their increasing order. In general, the retention times 

Fig. 1.	 Separation	 of	 congress	wort	 (full	 line),	 hopped	worth	
(dotted	 line),	green	beer	 (dashed	 line)	of	 the	same	variety	and	
lager	 beer	 (broken	 line)	 using	 HPLC.	 Detail	 of	 separation	 in	
the	low-weight	range	(A)	and	higher	oligosaccharides	(B).	Peak	
numbers	correspond	to	the	DP

Fig. 2.	 Differences	 in	concentration	profiles	of	OS	in	the	con-
gress	wort	prepared	from	variety	Maltasia	(full	line)	and	Quench	
(dashed	 line)	using	HPLC.	Detail	of	 separation	for	 low-weight	
OS.	Peak	numbers	same	as	in	Fig.	1.
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of eluted oS with DP < 4 corresponded exactly to the reten-
tion times of standards of ma3, ma4 respectively, while 
small shifts in the retention times for oS with DP > 4 compa-
red to the standards of moS were observed. It seems that oS 
with DP < 4 are mostly consisted of linear α-(1 → 4)-linked 
glucose chains, while higher oS can be substituted by mal-
tose/maltotriose residues of α-(1 → 6)-linked chains to form 
hardly fermentable saccharides so called dextrins. To identify 
the actual chain position, combination of HPLC with mass 
spectrometry has to be applied. 

Beside the quality differences, noticeable changes  
in the quantity of oS for multiple DP were observed. There 
was high concentration of mono-, di-, and trisaccharides  

in the congress wort and hopped worth, while green beer 
and beer revealed significant decrease of these saccharides  
as expected after fermentation process. Especially maltose 
– the most abundant saccharide in the congress wort – was 
mostly fermented, so its concentration significantly decre-
ased in the green beer (Fig. 1.a). In comparison, the con-
centration of oS with DP > 4 did not show any significant 
changes neither in the wort nor in the beer samples. Their 
concentration remained on the same levels in all wort samples  
(Fig. 1.B). 

Beside concentration changes in the wort samples of the 
same variety, significant changes in the content of low-weight 
saccharides (up to DP 4) in the congress wort of different bar-
ley varieties were found (Fig. 2.). 

obtained calibration data were used for quantification 
of oS corresponded to those with DP 3 to DP 7. The content 
of individual oS from different barley varieties is shown in 
Fig. 3. 

The highest concentration of ma3 and ma4 was found 
in the Bojos variety, while maltasia revealed the lowest con-
centration. observed changes in the saccharide concentration 
can serve as the indicator of the quality and the usefulness of 
individual barley varieties; therefore, is essential in the deve-
lopment and production of new sort of beer.

Conclusions
aCN/water 3 : 2 (v/v) with flow rate of 1 ml min–1 pro-

vided for good separation of oligosaccharides up to tetra-
decasaccharides in 45 minutes duration. Significant changes  
in the quantity of low oligosaccharides in eleven different 
wort samples were found. The changes in the concentration 
and pattern of oS are important knowledge for development 
of the new brewing technologies.

Work was supported by the Ministry of Education, Youth 
and Sports of theCzech Republic, project No. 2B06037 and 
Institutional Research Plan AV0Z40310501.
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Fig. 3.	 Concentration	profile	of	individual	OS	in	the	congress	
wort	(A)	and	green	beer	(B)	for	different	barley	varieties.	Sym-
bols:	DP	3	(vertical	lines),	DP	4	(white),	DP	5	(black),	DP	6	(hori-
zontal	lines),	and	DP	7	(transversal	lines).
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Introduction
acrylamide is a suspected human carcinogen, formed in 

fried and baked carbohydrate-rich foodstuffs such as potatoes 
and cereals. The free amino acid asparagine and reducing 
sugars are considered as the main precurosrs1.

a number of raw material pre-treatments were 
investigated which could mitigate acrylamide formation. Un-
fortunately, most of them may also have an impact on the 
product sensory quality. For example, the acidification may 
result in a sour product taste, the addition of amino acids 
may generate unpleasant off-flavours upon heating or in the 
case of calcium chloride addition, product texture might be 
improved, but on the other hand it causes a bitter aftertaste2. 
However, the application of L-asparaginase enzyme before 
heat treatment results in a sufficient decrease of acrylamide 
amount with no undesirable impact on sensory quality of 
final products3.

The aim of this work was an extension of enzymatic way 
of acrylamide elimination in potato products3 to cereal of ros-
quillas type in collaboration with CSIC Institute del Frio in 
Spain. In addition, the impact on the sensory quality of pro-
ducts prepared with L-asparaginase was evaluated.

Experimental
L-asparaginase (Novozymes, Denmark) produced by 

Aspergillus oryzae was applied in simulated potato and cereal 
matrices and food products on potato and cereal base such as 
potato pancakes and typical Spanish cereal product named 
rosquillas (Spanish doughnuts), respectively. Following ana-
lytical parameters were determined:

Saccharides using HPLC/rI according to ref.4
amino acids using LC/mS/mS according to ref.5
acrylamide using LC/mS/mS according to ref.6

The content of main acrylamide precursors (monosac-
charides and amino acid asparagine) were analysed in raw 
material. The conversion of asparagine to aspartic acid and 
final acrylamide content after heat treatment was observed.

In potato pancakes the preliminary sensory evaluation 
was done using a dual method. an appearance, colour, tex-
ture and selected descriptors of taste and aroma were deter-

•
•
•

mined using 0–5 point scale. Five trained assessors payed an 
extraordinary attention to offlavour detection.

P o t a t o  m a t r i x
Before the enzyme application in food products, the 

appropriate conditions of L-asparaginase incubation (time 
and temperature) were tested in simulated matrices. Potato 
matrix consisted of the main acrylamide precursors (aspara-
gine and glucose), potato starch and water in typical proporti-
ons: asparagine and glucose were used in equimolar ratio and 
content of water was 80 %. Potato starch was dried before 
the application to matrix in the ratio of 1 : 0.2 with mixture of 
asparagine and glucose.

C e r e a l  m a t r i x
Cereal matrix simulated Spanish cereal products recipe 

for rosquillas preparation and was composed of asparagine, 
glucose, fructose, wheat starch and water. Glucose and fruc-
tose were used in equimolar ratio and in 1 : 4 ratio with starch 
in a final mixture. Potency of 3 levels of asparagine (0.1, 0.5 
and 1.0 %) were compared. Content of water in cereal matrix 
was 50 %.

a s p a r a g i n a s e  a p p l i c a t i o n
L-asparaginase was applied in concentrations of 2 and 

10 u g–1 to simulated potato matrix or 0.1, 0.5 and 1.0 U g–1 
to simulated cereal matrix. The enzyme was incubated at 20, 
37, 50, 60 and 70 °C for 5, 10, 20, 30 and 60 min in thermostat 
(Fried Electric, Haifa, Israel). Subsequently L-asparaginase 
was applied to different potato varieties (Marabel and Bella-
rosa) purchased from local Slovak market in concentrations 
of 1 and 2 U g–1, respectively, to potato pancakes (potato-
cereal food product) in concentration of 1 U g–1, and to cereal 
product rosquillas in concentrations of 100 and 500 U kg–1 of 
flour. L-asparaginase in food samples was incubated at 37 °C 
for 10 and 15 min, respectively.

t h e r m a l  t r e a t m e n t
For potato matrix 0.2 g of glucose and asparagine 

mixture, 1 g of potato starch was weighed into the vial and 
4 ml of water (control sample) or 4 ml of enzyme solution 
with required concetration was added and in next step, after 
enzyme incubation, treated at 180 °C for 20 min in thermo-
block (Liebisch Labortechnik, Bielefeld, Germany).

For cereal matrix 0.24 g of glucose and fructose mixture 
and 0.76 g of wheat starch was weighed into the vial, 0.76 ml 
of asparagine solution (concentration of 0.1, 0.5 and 1.0 g in 
per 100 ml) in control sample or 0.38 ml of asparagine solu-
tion (concentration 0.2, 1.0 and 2.0 g per 100 ml) and 0.38 ml 
of enzyme solution with demanded concentration was added. 
vials were incubated and heated at 190 °C for 15 min in ther-
moblock.

Then, samples were cooled to room temperature and 
final content of acrylamide was determined.
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P o t a t o  P a n c a k e s  P r e p a r a t i o n
Potato-cereal powder for pancakes preparation was 

purchased from local market (Bramborák, amylon, Czech 
republic). Dough was prepared with water (control sam-
ple) and L-asparaginase solution (1 U g–1). 4 pancakes with 
weight of 35  ±  1 g were fried on teflon pan (Tescoma, Czech 
republic) in one run in microwave mW 800 HW 25 (orava, 
Slovak republic) using convection programme (170, 185 and 
200 °C), 10 min for each side of pancake.

C e r e a l  p r o d u c t s  p r e p a r a t i o n
Typical Spanish cereal products rosquillas were preapa-

red from dough according to three different and simplified 
recipes consisted of flour, sugar or equimolar mixture of glu-
cose and fructose, in water (flour : sugar : water was in 4 : 1 : 2 
ratio). In one recipe also sodium bicarbonate was added. 
From the dough samples of 10.0  ±  0.5 g weight and stick 
shape were formed and fried in sunflower oil in a fryer (Tau-
rus, Spain). 4 samples in one run and also in duplicate were 
prepared for each temperature (180 and 200 °C), time (4, 6, 
8 min) for each recipe (control and two levels of L-asparagi-
nase: 100 and U kg–1 of flour). The dough with enzyme was 
incubated at 37 °C for 15 min in thermostat (memmert, Ger-
many).

Results
The content of asparagine in potato varies in the range 

from 2.3 to 39.4 mg g–1 of dry weight7 that was comprised 
in a simulated potato matrix construction. Using different 
concentration of enzyme (2, 10 and 20 U g–1), time and tem-
perature of enzyme incubation (at 20, 37, 50, 60 and 70 °C 
for 5–60 min) the efficiency of L-asparaginase activity was 
compared. It was found out that temperature of 37 °C was 
the most suitable for sufficient acrylamide content elimina-
tion (Fig. 1.). In the case of potato matrix the time of enzyme 
incubation was reckoned as a limiting factor. after 30 min at 
37 °C acrylamide reduction in final heated samples in levels 
of 8, 25 and 46 % was achieved and 91 % using 60 min of 
enzyme incubation. 

The content of asparagine in the used potato samples 
was determined on 4.42 mg g–1 of fresh weight for variety 
Marabel and 3.52 mg g–1 of fresh weight for variety Bella-
rosa. Two levels of L-asparaginase (2 and 10 U g–1) were 
applied and incubated at 37 °C. In potatoes the conversion 
of asparagine to aspartic acid was observed to be very fast 
(Fig. 2.) resulting in a sufficient acrylamide elimination  
(98–99 % in Marabel and 84–86 % in Bellarosa) after 10 min 
of enzyme incubation. 

The content of asparagine in potato pancakes was 
2.2 mg g–1 of powder. Using 1 U g–1 of L-asparaginase and 
15 min of enzyme incubation at 37 °C, the 86% reduction of 
acrylamide content in a final product was achieved. No diff-
erences in sensory properties caused by enzyme were obser-
ved in the appearance (colour, texture) as well as in the taste 
and the aroma.

the asparaginase application in the simulated cereal mat-
rix resulted in 18, 90 and 96% reduction of acrylamide using 
enzyme concentration of 0.1, 0.5 and 1.0 U g–1, respectively, 
which was followed by enzyme treatment of cereal products. 
This time the determination of final acrylamide reduction in 
these products is in progress.

Conclusions
L-asparaginase application is proved to be an effective 

way of acrylamide reduction in potato and cereal products. In 
the presented study the 80–98 % of acrylamide elimination 
was achieved in dependence on matrix composition. Unam-
biguously, the distinctive advantage of L-asparaginase appli-
cation is the avoiding undesirable changes in organoleptic 
properties of final products.

This work was supported by the Slovak Research and 
Development Agency under the contract No. COST-0015-06.
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Introduction
acrylamide as a suspected carcinogen attracts great 

attention due to its widespread occurrence in many staple 
foods of daily usage1 as well as due to the recommendation of 
the European Commission since 2005 to minimize its level2. 
It is known that acrylamide arises from naturally occurred 
compounds in plants such as reducing saccharides and amino 
acids during the commonly used process of heat treatment 
of foods3,4. acrylamide is preferably formed from amino 
acid L-asparagine, only in a less extent from aspartic acid, 
glutamine, and glutamic acid in the presence of saccharides 
during baking5. It is well established that the amount of redu-
cing sugars is more important than free asparagine for the 
formation of acrylamide in potato-based products6. However, 
in cereal foods including bread, the main determinant of acry-
lamide formation during baking is free asparagine amount in 
raw material and ingredients, in particular cereal flour. 

The concentration of free asparagine have been studied 
in different commercial milling fractions of wheat and rye7. 
Whole grain flours showed higher amounts of asparagine (for 
wheat and rye 0.5 g kg–1 and 1.1 g kg–1, respectively) ver-
sus sifted flours. of the wheat fractions, wheat germs was 
reported to have the highest level of asparagine (4.9 g kg–1). 

However, agronomical factors (e.g. crop variety, clima-
tic conditions fertilizer regimes) may significantly impact the 
amount of free asparagine in cereal crops8 and consequently 
the concentration of acrylamide in the final product. regional 
differences may account for levels that vary by more than 
fivefold, and today the scientific data that may explain this 
variability is lacking. 

Based on this knowledge it can be said that in the cereal 
sector the main way of acrylamide reduction is through 
amino acids control responsible for acrylamide formation. 
From the point of view of acrylamide formation, the selected 
10 sorts of wholegrains appointed for human usage in bread 
and cereal breakfast production which are bred in Slovakia 
as well as 6 kinds of wheat flours from different milles in 
Slovakia were assorted according to profile of amino acids 
asparagine, aspartic acid, glutamine, and glutamic acid.

Experimental
r a w  m a t e r i a l s

Wheat grains of 5 varieties (PS-3/05, PS-11, PS-9/06, 
PS-27/06, PS-51/06) and oat grains of 5 registrated varieties 
(vendelin, valentin, Zvolen, atego, Detvan) were obtained 
from the research and Breeding Station at vígľaš-Pstruša. 
Wheat flours originated from Slovak milles (PmD Bratislava, 
Kolárovo, Sládkovičovo, šurany) were purchased from local 
markets.

r e a g e n t s
asparagine (asn) standard (99.5%) was supplied by 

Fluka (Steinheim, Germany) and aspartic acid (asp), glu-
tamic acid (Glu), glutamine (Gln) standards (99%) were 
supplied by merck (Darmstadt, Germany). D3-glutamic 
acid (d3-Glu) standard (97%) was supplied by Cambridge 
Isotope Laboratories (andover, USa). acetic acid (glacial) 
was HPLC reagent grade and obtained from Fisher Scientific 
(Loughborough, UK). Perfluorooctanoic acid (PFoa) (96%) 
and HPLC gradient grade acetonitrile were obtained from 
Sigma-aldrich (Steinheim, Germany). Deionized water from 
a PUrITE Select system (oxon, UK) was used for prepara-
tion of amino acid and ion-pairing reagent solution.

i n s t r u m e n t a t i o n
The LC/ESI-mS-mS apparatus for quantification of 

4 free amino acids were performed by agilent 1200 HPLC 
system (Waldbronn, Germany) consisting of a binary pump, 
an autosampler and a temperature controlled column oven, 
coupled to an agilent 6410 Triple Quad detector equipped 
with ESI interface. The analytical separation was performed 
on a purospher® STar rP-8ec column (150 mm × 4.6 mm, 
3 µm) using isocratic mixture of 100 ml of acetonitrile and 
900 ml of aqueous solution of PFoa (0.05mm) at a flow rate 
0.5 ml min–1 at room temperature. all parameters of the ESI-
mS-mS system were based on in-source generation of the 
protonated molecular ions of the 4 amino acids measured and 
the internal standard (d3-Glu), as well as collision-induced 
production of amino acid-specific fragment ions for multiple 
reaction monitoring (mrm) experiments.

S a m p l e  P r e p a r a t i o n
Stock solution of amino acids 1,000 µg ml–1 were prepa-

red by dissolving 25 mg of each in 25 ml of deionized water. 
Working standards were prepared by diluting the stock solu-
tion of amino acids to concentrations of 0.05–2.00 µg ml–1. 
Each working standard solutions consist of 0.5 µg ml–1 of 
internal standard (d3-Glu). Finely ground or homogenized 
sample (1 g) was extracted by 10 ml of 0.2mm acetic acid 
and after mixing in a vortex mixer for 2 min the mixture was 
centrifuged at 5,000 rpm for 10 min at –5 °C and filtered th-
rough 0.45 µm nylon syringe filter prior to LC/mS analysis9.

Results
In this study, 5 varieties of wheat grains, and 5 varieties 

of oat grains as well as 6 kinds of wheat flours were used 
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for determination of amino acids profile. Since particularly 
free amino acid L-asparagine (asn) and in a less extent also 
L-aspartic acid (asp), glutamine (Gln) and glutamic acid (Glu) 
are responsible for the formation of acrylamide in cereal pro-
ducts during baking, the amino acids mentioned above were 
determined in the samples of wheat flours (Table I), wheat 
grains (Table II), and oat grains (Table III).

It is evident that in the wheat flour there is the aspar-
tic acid which has the highest portion among determined 
amino acids. The amount of free L-asparagine varies between 
78.51 mg kg–1 and 115.22 mg kg–1. on the other hand, in the 

whole grains of wheat and oat the free L-asparagine occupies 
the highest ratio of free amino acids. moreover, the oat grains 
contain approx. two or three fold higher amount of L-aspara-
gine comparing to wheat grains. It is important from the point 
of view of the next usage of these grains at their heat treat-
ment in the process of production of bakery ware or breakfast 
cereals. Furthermore, there were observed some differences 
between the amino acid profile in the similar kinds of wheat 
flour. These differences should be considered at the choice of 
flour which should be used for production of high heat treated 
products.

Conclusions
Human exposure of acrylamide from cereal products 

represents approx. one half of daily exposure of this conta-
minant. The determination of amino acids in flours as well 
as in the whole grains which are responsible for acrylamide 
formation after heat treatment could be helpful at the choice 
of suitable flour and cereal variety with the lowest asparagine 
amount and could decrease of human exposure of acrylamide 
from cereal products.

This work was supported by the Slovak Research and 
Development Agency under the contract No. COST-0015-06.
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Table I
The amount of asparagine, aspartic acid, glutamine and glu-
tamic acid in the samples of wheat flours

Wheat flours asn asp gln glu
  [mg kg–1] [mg kg–1] [mg kg–1] [mg kg–1]
 a 78.51 130.86 25.01 45.53
 B 115.22 154.14 39.12 77.82
 C 56.14 106.85 22.28 51.68
 D 92.56 133.03 32.38 67.73
 E 88.37 117.11 24.62 56.20
 F 81.75 121.87 31.03 59.59

Table II
The amount of asparagine, aspartic acid, glutamine and glu-
tamic acid in the samples of wheat grains

 Wheat grains asn asp gln glu
  [mg kg–1] [mg kg–1] [mg kg–1] [mg kg–1]
 PS-51/06 221.71 79.46 24.74 76.41
 PS-11 228.88 218.43 44.08 126.72
 PS-27/06 290.86 181.67 121.25 187.29
 PS-9/06 222.07 137.94 51.61 142.20
 PS-3/05 188.04 117.02 32.76 113.39

Table III
The amount of asparagine, aspartic acid, glutamine and glu-
tamic acid in the samples of oat grains

 oat grains asn asp gln glu
  [mg kg–1] [mg kg–1] [mg kg–1] [mg kg–1]
 Detvan 792.24 268.85 396.91 468.79
 vendelin 567.55 144.62 211.15 261.89
 valentin 546.22 156.83 240.65 269.36
 Zvolen 720.76 160.05 312.94 285.28
 atego 522.36 201.01 199.48 305.56
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Introduction
During the last decades fast progress has been made 

within the field of biochemistry of carotenoid biosynthesis 
in bacteria, fungi, and plants. although more than 600 diff-
erent carotenoids have been identified in nature, only a few 
are used industrially. There are many yeast strains able to 
produce different carotenoids. However, the heterobasidi-
omycetous yeast Xanthophyllomyces dendrorhous, are the 
only microbial systems with commercial potentials for the 
production of astaxanthin. Several genes involved in the asta-
xanthin biosynthetic pathway of X. dendrorhous have been 
cloned and characterized recently. analysis of DNa in other 
red yeast is very complicated and only several genes were 
described yet.

There are many yeast strains able to produce different 
carotenoids, mainly as a part of stress response. In this work 
three different red yeast strains (Sporobolomyces roseus, 
Rhodotorula glutinis, Rhodotorula rubra) were enrolled into 
a comparative study. To increase the yield of carotenoid pig-
ments at improved biomass production, several types of exo-
genous as well as nutrition stress were tested. Each strain was 
cultivated at optimal growth conditions and in medium with 
modified carbon and nitrogen sources. Synthetic media with 
addition of complex substrates (e.g. yeast extract) and vita-
min mixtures as well as some waste materials (whey, potato 
extract) were used as nutrient source. Some types of exoge-
nous stress – peroxide, salt were applied too. The production 
of carotene-enriched biomass was carried out in flasks as well 
as in laboratory fermentor. Changes in yeast cells on metabo-
lome level were studied using LC/mS techniques to carote-
noid analysis.

Materials	and	Methods
S t r a i n s

In the study following red yeast strains were tested: Rho-
dotorula glutinis CCY 20-2-26, Sporobolomyces roseus CCy 
19-4-8; Rhodotorula rubra CCY 20-7-31; Phaffia rhodozyma 
CCY 77-1-1, Sporobolomyces salmonicolor CCY 19-4-10.

C u l t i v a t i o n
red yeasts were cultivated in a simple glucose medium 

aerobically at 28 °C. Physilogical stress was induced by nutri-

tion components (C and N source) and by addition of 5 mm 
peroxide and 2% and/or 5 % NaCl. Stress cultivations with S. 
salmonicolor, R. glutinis and P. rhodozyma were realized in 
flasks as well as in 2 L-laboratory fermentor (B.Braun Bio-
tech). 

Three series of cultivations were realized with each 
strain. Two-step inoculation was done. all strains were firstly 
inoculated into a medium containing yeast autolysate (7 g), 
(nh4)2So4 (5 g), glucose (40 g), KH2po4 (5 g), mgSo4 
(0.34 g) per liter (INo I) and cultivated at 28 °C for 24 hours 
at permanent shaking and lighting. Second inoculum (INo II) 
was prepared similarly, in 1st series was used the same 
medium as ino i, in 2nd series lyophilized whey was added 
(7 g dm–3) and in 3rd series potato extract (7 g dm–3) was 
added into INo II. Cultivation in INo II undergo at 28 °C 
for 24 hours at permanent shaking and lighting. Production 
media contained (nh4)2So4 (5 g), glucose (40 g), KH2po4 
(5 g), mgSo4 (0.34 g) per liter. Several waste substrates were 
added and cultivation was done for 80 hours at 28 °C under 
permanent lighting and shaking. Production media were pre-
pared according to following scheme:

1st series: INo I --- INo II --- production: 1 – cont-
rol, 2 – 5 mm peroxide, 3 – 2% NaCl, 4 – 5% NaCl, 
5 – lyophillized whey non-processed (7 g dm–3), 6 
– lyophillized whey processed by deproteination agent  
(7 g dm–3), 7 – liquid whey (250 ml dm–3), 8 – potato 
extract (Hi media; 7 g dm–3)
2nd series: INo I --- INo II (whey, 7 g dm–3) --- produ-
ction: 1 – control, 2 – 5 mm peroxide, 3 – 2% NaCl, 
4 – 5% NaCl, 5 – lyophillized whey non-processed 
(7 g dm–3), 6 – lyophillized whey processed by deprotei-
nation agent (7 g dm–3), 7 – liquid whey (250 ml dm–3)
3rd series: INo I --- INo II (potato extract 7 g dm–3) --
- production: 1 – control, 2 – 5 mm peroxide, 3 – 2% 
NaCl, 4 – 5% NaCl, 5 – potato extract (7 g dm–3).

a n a l y z e d  P a r a m e t e r s
In all samples biomass and carotenoid content were eva-

luated. Biomass was determined gravimetrically. Levels of 
carotenoids – lycopene and beta-carotene were analyzed using 
HPLC/vIS (450 nm) and verified by HPLC/mS. Ergosterol 
and phytoene were analyzed by rP-HPLC (280 nm).

Results
In this work the growth of some red yeasts on waste sub-

strates and subsequent effect of these substrates on beta-caro-
tene production was studied. It was observed that addition 
of non-processed or deproteined whey or potato extract to 
media can increase beta-carotene production.

in Rhodotorula glutinis addition of deproteined whey 
into production medium led to 3.5 × increased production of 
beta-carotene without changes in biomass. Non-processed 
whey or potato extract added to production media led to 
about 3 × increase of beta-carotene production but it was 
accompanied by lost in biomass. The highest yield was rea-
ched after addition of lyophillized whey to INo II as well as 

•

•

•
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to production media. Liquid whey exhibited negative effect. 
also potato extract added into INo II led to increased beta-
carotene production, while biomass yield was lower.

Rhodotorula rubra is poor producer of carotenoids 
when compared with other strains. However, cultivation in 
presence of potato extract in INo II combined with salt stress 
in production medium led to the highest biomass as well as 
beta-carotene production observed yet.

Sporobolomyces roseus exhibited substantial changes 
in biomass : carotene ratio dependent on whey addition. Sub-
stantial biomass decrease in presence of lyophillized whey 
in ino ii (under 5 g dm–3) was accompanied by very high 
beta-carotene yield.

In flasks combined stress led to induction of carotenoid 
production in all studied strains; 3 × increase of beta-carotene 
(R.glutinis) was obtained. addition of stress factor into inocu-
lation medium induced slight increase of biomass production 
(salt - R.glutinis) and beta-carotene production (R. glutinis).

Conclusions
Changes in medium composition can lead to substantial 

changes in biomass as well as carotenoid production. Waste 

substrates can be used as medium component, which can in 
particular strains and conditions induce carotenoid as well 
as biomass production. Thus, waste substrates could be used 
industrially for carotenoid-rich biomass production.

predominantly strain Rhodotorula glutinis CCY 20-2-26 
can be used for industrial production of carotenoid-rich bio-
mass using processed waste substrates and/or mild physiolo-
gical stress.

This work has been supported by project IAA400310506 
of Grant Agency of the Academy of Sciences of the Czech 
Republic.
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Table I
Production of biomass and beta-carotene by stressed red yeasts in laboratory flasks

 R. glutinis biomass R. glutinis Beta-carotene S. roseus biomass S. roseus Beta-carotene
control 11.1 0.18 11.5 0.16
2 mm peroxide/INo 10.6 0.17 10.6 0.26
2% salt/ INo 11.8 0.38 11.6 0.05
2% salt/ INo/
5 mm peroxide/prod. 

10.1 0.56 11.7 0.17

2 mm peroxide/INo/
5 mm peroxide/prod. 

10.0 0.29 10.0 0.29
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Introduction
Food safety is an increasingly important public health 

issue. Governments all over the world are intensifying their 
efforts to improve food safety. These efforts are in response to 
an increasing number of food safety problems and rising con-
sumer concerns1. Like of other processed foods, also cheeses 
result from a manufacturing process involving the selection 
of raw material (e.g. milk, lactic acid bacteria, rennet), prepa-
ratory treatments such as milk pasteurization, renneting, drai-
nage, salting, the ripening operation proper, preservation (if 
needed), packaging and storage. Last but not least, treatment 
of the food by the consumer influences its condition. Thus, an 
integral approach should be taken when assign the implicati-
ons of individual risk factors for the safety of the consumer2. 

Cheeses are among those high-protein-containing food-
stuffs in which enzymatic and microbial activities cause the 
formation of biogenic amines from amino acid decarboxyla-
tion (Innocente et al., 2007). Codex alimentarius of the Slo-
vak republic stated the maximum limit only for the tyramine 
in hard cheeses, in which the concentration of tyramine must 
not exceed value of 200 mg kg–1. 

The aim of this study was to determine cadaverine 
(CaD), histamine (HIS), tyramine (TYr) and putrescine 
(put) in some commercial cheeses commonly consumed 
in Slovakia using ion-exchange chromatography. Chemical 
analyses were carried out in parallel with determination of 
sensory assessment of cheeses and their microbiological qua-
lity with the respect of Enterobacteriaceae.

Experimental
In total 31 samples of five cheese typologies were taken 

from supermarkets and retail shops: 5 high cooked cheeses, 
like Emmental, 8 low cooked cheeses, like Edam, 9 moz-
zarella like cheeses, 5 mould cheeses, and 4 sour natural 
ripened cheeses containing yeasts and Brevibacterium linens. 
all products were sampled during the correct their shelf life. 
Samples were stored at 4 °C until to analysis.

B i o g e n i c  a m i n e s  a n a l y s i s
The five biogenic amines (Ba) studied were: cadaverine 

(CaD), histamine (HIS), tyramine (TYr) and putrescine 
(PUT). Ion exchange chromatography with amino acid ana-
lyzer (aaa 339 – T microtechna, Czech republic) was used 
for both qualitative and quantitative studies of biogenic ami-
nes in cheeses3.

Each sample (100–200 g) was homogenised and mixed 
thoroughly with a moulinex blender on a day of collection or 
purchase. a 10 g sample was extracted with 5% trichloracetic 

acid, centrifuged and filtrated through a membrane filter with 
a pore size of 0.45 μm. all the samples were prepared and 
analysed in duplicates.

m i c r o b i o l o g i c a l  a n a l y s i s
all cheese samples were subjected to microbiological 

routine analysis: Enterobacteriaceae, E. coli, Staphylococcus 
aureus, yeasts and moulds. the cultured selective agar pla-
tes (blood agar, vrBG agar, Endo agar, Baird-Parker agar; 
oxoid, UK) were used. Petri dishes were inoculated with 
0.1 ml of diluting sample and cultivated in aerobic conditions 
24–48 h at 37 °C and 25 °C for five days, respectively. Pure 
cultures were identified at species by routine microscopical, 
cultivation and biochemical methods. micromycetes were 
identified macroscopically and microscopically, using the 
method according to St-Germain and Summerbell4.

S e n s o r y  E v a l u a t i o n
Six volunteers (all women) were evaluated attributes 

related to the flavour and mount feel of all type of cheeses 
used in the experiment. The descriptor chosen were: colour, 
consistency, mouth couting, cheese flavour intensity, sour-
ness, bitterness, off-flavour, and overall acceptability.

Results
The mean value of biogenic amine sum (CaD  +  H

IS  +  TYr  +  PUT) concentration in mg kg–1 varied from 
9.82 in cheese with moulds to 1,092.33 in sour natural 
ripened cheeses. In both groups of hard cheese the mean 
value of the sum biogenic amine concentration was very 
similar (175.05 mg kg–1 in high cooked cheeses versus  
198.32 mg kg–1 in low cooked cheeses). The prevailing amine 
in all cheeses included into the experiment was tyramine, fol-
lowing by histamine, although HIS was not detected in any 
case of mozzarella-like cheeses evaluated.

Enterobacteriaceae count ranged from  
1.12 × 103 CFu g–1 (high cooked cheese samples) to 
21 × 103 CFu g–1 in cheese with mould. Totally, Enterobacte-
riaceae were isolated in 19 (61.29 %) of 31 evaluated cheese 
samples in this study. 

according to the sensory assessment, 87.01 % of eva-
luated cheese had characteristic organoleptic properties 
depending on the kind of cheese. In four of 31 evaluated chee-
ses, the cheese samples did not show excellent sensory qua-

Table I
Concentration of Ba in low cooked cheeses and Enterobacte-
riaceae count (ent) (CFu × 103 g–1)

 Col. stats HIS TYr PUT CaD Sum  Ent
 [mg kg–1] 
 mean 8.5 134.8 13.2 18.0 173.5 8.2
 sd 10.6 128.6 16.5 25.0 138.9 12.1
 minimum 1.0 1.30 0.0 0.0 8.00 0.0
 maximum 33.2 305.1 39.9 64.8 324.0 32.5
 median  4.5 111.7 3.9 8.2 173.5 1.0
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lity mainly in the flavour. In one of did not accepted cheeses 
from sensory viewpoint, the cheese sample from high cooked 
smoked and grate cheese, the original packing of cheese from 
the hypermarket we detected large defects in sensory cheese 
characteristic.

Cheese consisted of the gross crust of dark brown 
colour with a rare presence of cheese curd of golden – yellow 
colour. The consistency of cheese was dry and hard, odour 
expressive smoked and taste was biter and tarry (sum of 
Ba  =  466.3 mg kg–1, Enterobacteriaceae were not isolated).

according to the sensory assessment, 87.01 % of eva-
luated cheese had characteristic organoleptic properties 
depending on the kind of cheese. In four of 31 evaluated 
cheeses, the cheese samples did not show excellent sensory 
quality mainly in the flavour. In one of did not accepted 
cheeses from sensory viewpoint, the cheese sample from 
high cooked smoked and grate cheese, the original packing 
of cheese from the hypermarket we detected large defects in 
sensory cheese characteristic. Cheese consisted of the gross 
crust of dark brown colour with a rare presence of cheese 
curd of golden – yellow colour. The consistency of cheese 
was dry and hard, odour expressive smoked and taste was 
biter and tarry (sum of Ba  =  466.3 mg kg–1, Enterobacteria-
ceae were not isolated). 

Conclusions
From a “good manufacturing practice” point of view, 

total of 100–200 mg kg–1 of biogenic amines in fermented 
foods are regarded as acceptable2. The major Ba producers in 
foods are except some lactic acid bacteria which do not pro-
duce significant levels of Ba, the undesirable bacteria mostly 
Enterobacteriaceae and Enterococcus sp.5 according to our 
results, the count of Enterobacteriaceae and sum of biogenic 
amines was statistically significant only in mozzarella like 
cheeses and in sour natural ripened cheeses (p < 0.05). 

From a health point of view the sum Ba as well as 
the concentration of individual biogenic amines should not 
to increase some certain levels. according to Spanier et al. 
(1991) the sum of Ba (HIS+TYr+PUT+CaD) 900 mg g–1 
in cheese is recommended as the highest acceptable concent-
ration. This limit was exceeded in sour natural ripened chee-
ses in which the sum of Ba was determined in a value of 
1,194  ±  783.4 mg kg–1 of cheese sample.

This work has been supported by grant VEGA 1/3493/06 
and KEGA 3/5082/07.

rEFErENCES
 1. WHo: Food safety and foodborne illness. Fact sheet No. 

237, 2007.
 2. Nout m. J. r.: Food Chem., 101, 1285 (2007).
 3. Innocente N., Biasutti m., Padovese m., moret S.: 

Determination of biogenic amines in cheese using HPLC 
technique and direct derivatization of acid extract. 

 4. St-Germain G., Summerbell r.: Identifying filamentous 
fungi: A clinical laboratory handbook. Belmont Califor-
nia, USa, 1996.

 5. Spanier m. C., Bruin T. J. F., van roode B. a. S. W.: 
Nutr. Technol. anal. Saf. VI. 15, 213 (1991).

Table II
Concentration of Ba in high cooked cheeses and Enterobac-
teriaceae count (ent) (CFu × 103 g–1)

 Col. stats HIS TYr PUT CaD Sum  Ent
 [mg kg–1]
 mean 24.7 150.7 13.5 9.3 196.6 1.1
 sd 28.9 180.6 18.4 12.1 168.5 1.5
 minimum 1.0 1.30 0.0 0.0 62.5 0.0
 maximum 67.7 432.6 43.2 29.7 464.0 3.1
 median  12.8 102.6 4.9 4.9 174.0 0.0

Table III
Concentration of Ba in mould cheeses and Enterobacte-
riaceae count (ent) (CFu × 103 g–1)

 Col. stats HIS TYr PUT CaD Sum  Ent
 [mg kg–1]
 mean 2.4 1.6 0.0 0.35 3.7 21.1
 sd 1.7 2.5 0.0 0.7 3.5 46.3
 minimum 1.0 0.0 0.0 0.0 1.0 0.0
 maximum 4.9 5.3 0.0 1.4 9.0 104.0
 median  1.9 0.6 0.0 0.0 2.5 0.6

Table Iv
Concentration of Ba in mozzarella like cheeses and Entero-
bacteriaceae count (ent) (CFu × 103 g–1) (*p < 0.05)

 Col. stats HIS TYr PUT CaD Sum  Ent
 [mg kg–1]
 mean 0.0 1.2 3.7 2.0 6.7* 1.2*
 sd 0.0 2.6 5.8 4.3 11.5 1.5
 minimum 0.0 0.0 0.0 0.0 0.0 0.0
 maximum 0.0 8.0 14.1 12.6 34.0 4.0
 median  0.0 0.0 0.0 0.0 0.0 0.5

Table v
Concentration of Ba in sour natural ripened cheeses and En-
terobacteriaceae count (ent) (CFu × 103 g–1) (*p < 0.05)

 Col. stats HIS TYr PUT CaD Sum  Ent
 [mg kg–1]
 mean 66.2 249.2 207.4 673.2 1,194.0* 2.0*
 sd 51.2 169.2 194.3 462.8 783.4 4.1
 minimum 14.2 83.8 18.2 190.9 443.0 0.0
 maximum 152.1 454.2 526.5 1,408.0 2446.0 8.2
 median  168.1 151.4 653.9 907.0 2446.0 0.0
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Introduction
triglycerides represent the principal component (95–

98 %) of most edible oils obtained from seeds and fruits. 
Small amounts of sterols, free fatty acids, hydrocarbons, 
tocopherols, phospholipids and triterpenic acids are also pre-
sent.

Fatty acids occur predominantly as esters of glycerol, 
i.e., triacylglycerol, in natural fats of animal and plant ori-
gin. Two distinct families of essential fatty acids exist in the  
 

human body: the ω-3 family (derived from α-linolenic acid) 
and ω-6 family (derived from linoleic acid)1.

Phytosterols are a group of natural compounds found in 
all plants and in food products of plant origin. In vegetable 
oils, sterols are found primarily as free and esterified forms2.

Four edible oils: walnuts, sesame, peanut and poppy 
seed oil, processed by minimal technologies (cold pressing) 
in romania were investigated. The goal of the present study 
was the identification and quantification of fatty acids as 
FamEs (fatty acid methyl esters), in the total lipid extracts 
(TLE) and in the esterified sterol fractions (ESF).Total, free 
and esterified sterols were also quantified as trimethylsilyl 
ether derivatives (TmS), using gas-chromatography (GC) 
with flame ionization detector (FID).

Experimental
S a m p l e  P r e p a r a t i o n

The FamEs were prepared by transesterification of 
the oil samples and the esterified sterol fractions by sodium 
methoxide catalysis1.

Saponification, extraction, purification and preparation 
of TmS derivatives of the total, free and esterified sterols 
were made according to Phillips et al.3.

Fig. 1.	 The	 fatty	 acid	 compositions	 [weight	%]	 in	 total	 lipid	 extracts	 (TLE)	 and	 esterified	 sterol	 fractions	 (ESF)	 of:	 (a)	walnut,	
(b)	sesame,	(c)	peanut	and	(d)	poppysed	oils
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g C  a n a l y s i s
GC conditions (for FamEs): gas chromatograph SHI-

maDZU GC-17-a equipped with FID detector and capil-
lary column alltech aTWaX (30 m × 0.25 mm × 0.25 µm) 
with temperature programme 150 oC held for 5 min, ramp 
4 oC min–1 up to 235 oC, held for 5 min. The flow rate of the 
carrier gas helium was 1.8 ml min–1 (split ratio 1 : 20). The 
injector and the FID temperature was 260 oC. The identifica-
tion of FamEs was based on retention times and comparison 
with those of standard FamEs. 

GC conditions (for derivatized sterols): GC-FID appara-
tus was the same. an rTX-5™ fused silica capillary column 
(30 m × 0.25 mm × 0.25 µm) was used. The temperature pro-
gramme was: 200 oC held for 5 min, ramp 10 oC min–1 up to 
300 oC (held 20 min); injector temperature 280 oC; detector 
temperature 300 oC. The flow rate of the carrier gas helium 
was 0.58 ml min–1 (split ratio 1 : 17). Identification of sterols 
was based on comparison of their relative retention times 
(rrt to β-sitosterol) with data from the literature4, 5. a mix-
ture of sterol standards was studied in the same conditions 
and the retention times (rt) were used to assist the peak iden-
tification. The sterol concentrations were calculated using the 
area of the internal standard peak.

all extractions and GC-FID runs were performed in tri-
plicate. The mean values and standard deviations were calcu-
lated.

Results
The fatty acid and sterol compositions reported in this 

study are in good agreement with those reported in the lit-
erature.3,4,6,7

F a t t y  a c i d  C o m p o s i t i o n
Fig. 1. illustrates the fatty acids compositions of edible 

oils used in this study. Three fatty acids were predominant in 
the analyzed oils (TLE) and theirs subfractions (ESF): lino-
leic acid (37.27–71.41 %), oleic (11.58–40.36 %) and palmi-
tic acid (6.54–24.62 %).The unsaturated fatty acids/saturated 

Table I
Total sterol concentrations after direct saponification of the 
oils (mg 100g–1)

 Sterols Walnut Sesame Peanut Poppyseed rrt

 1. 1.01 n.d. n.d. n.d. 0.80
  ±  0.12 
 2. n.d. n.d. n.d. n.d. 0.83
 3. 13.10 71.00 23.90 41.18 0.90
  ±  0.74 ±  0.32 ±  0.34 ±  0.25 
 4. 0.60 1.11 1.53 4.09 0.91
  ±  0.07 ±  0.11 ±  0.06 ±  0.11
 5. 0.42 34.10 14.60 11.44 0.94
  ±  0.05 ±  0.63 ±  0.32 ±  0.57
 6. 147.00 345.00 114.00 187.40 1.00
  ±  1.03 ±  0.66 ±  0.86 ±  0.56 
 7. 7.15 2.71 2.46 2.33 1.02
  ±  0.23 ±  0.15 ±  0.10 ±  0.08
 8. 28.00 50.70 15.30 23.29 1.03
  ±  0.94 ±  0.50 ±  0.49 ±  0.70
 total 197.28 504.62 171.79 269.73
  ±  3.18 ±  2.37 ±  2.17 ±  2.27 

Fig. 2.	 Free	and	esterified	sterol	concentrations	in	four	edible	
oils:	(a)	walnut,	(b)	sesame,	(c)	peanut	and	(d)	poppysed	oil



Chem. Listy, 102, s265–s1311 (2008) Food Chemistry & Biotechnology

s621

fatty acids ratios varied from 3.96 to 10.62 for the total lipid 
extracts. For the studied ESF’s, these ratios varied from 2.64 
to 3.44.

The polyunsaturated fatty acids were the most abundant 
out of the unsaturated fatty acids of TLE’s, in all studied oils, 
except for peanut oil. The polyunsaturated/monounsaturated 
fatty acids ratios ranged from 0.92 to 4.49 for the analyzed 
TLE’s and from 1.83 to 3.06 for ESF’s, respectively.

S t e r o l  C o m p o s i t i o n
The predominant phytosterols in all four samples were 

sitosterol, campesterol and ∆5-avenasterol (see Table I).The 
proportion of free and esterified sterols varied widely among 
samples (see Fig. 2.). In all oils except sesame oil, most of the 
β-sitosterol was esterified.

Conclusions
The determination of fatty acids and sterols’ composi-

tion is essential for the analytical assessment of the quality, 

origin, extraction method, refining procedure and possible 
adulteration of the vegetable oils.
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Introduction
Natural antioxidants, particularly from fruits and vege-

tables, have gained increased interest among consumers and 
scientific community, due to their lower risk for cardiovascu-
lar diseases and cancer demonstrated by many studies6.

Grape seeds are a rich source of flavanols, having mono-
mers such as catechin, epicatechin, epicatechin-3-o gallate 
and dimers, trimers, teramers. Extracts from four varieties of 
romanian grapes: merlot, mustoasa, Feteasca, and Chasla 
were first analyzed by HPLC (high performarce liquid chro-
matography) regarding their flavonol content. 

The aim of this research was to evaluate the efficiency 
of oraC, DPPH and aBTS radicals and to estimate the anti-
oxidative capacity of grape seed extracts. The antioxidative 
activity of the extracts was determined through: 

oxygen radical absorbance capacity assay (oraC)
2,2’-diphenyl-1-pichrylhydrazyl assay (DPPH)
Trolox equivalent antioxidant capacity assay (TEaC)

Total phenolic compounds content was determinated 
colorimetrically using Folin-Ciocalteu reagent. 

Material	and	Methods
P r e p a r a t i o n  o f  G r a p e  S e e d 
E x t r a c t s

Seeds of the vitis vinifera grape were obtain from 
recas area (Bihor, ro). Grape seed were first grinded until 
a powder was obtained, which was afterwards deoiled with 
hexan (1 part of powder to 10 parts of hexane w/v). The solid 
residue was kept under the hood in the dark to evaporate the 
hexane. Seed extracts were prepared for analysis by mixing 
the powder with metanol/water/acetic acid (70 : 29.05 : 0.5, 
v/v/v) for a ratio of 1 part powder to 10 parts solvent (w/v).  
The mixture was sonicated for 15 min and shaken for 30 min 
at 4,000 rpm. The extract was concentrated in vacuum rotary 
evaporator at 40 °C. volume of the concentrate was then 

•
•
•

adjusted to obtain a concentration of 1 g solids ml–1 by adding 
a predetermined volume of methanol7.

o r a C  a s s a y 
oraC assay measures antioxidant inhibition of peroxyl 

radical induced oxidation, reflecting classical radical chain 
breakage of antioxidant activity, by hydrogen atom transfer. 
The oraC assay was performed as described by ou et. al.4.

D p p h  a s s a y
DPPH assay is based on the measurement of the redu-

ction ability of antioxidants toward DPPH•+. The kinetics 
of 400 µl grape seed extract in 2.8 ml of DPPH (80 µm  
in etanol) were registered in 30 min by monitoring DPPH 
disappearance at 515 nm.

t e a C  a s s a y
TEaC assay asseses the capacity of a compound to sca-

venge aBTS radical (aBTS•+). intensely colored radical ca-
tion aBTS•+ is formed by peroxyl radical oxidation of aBTS. 
The antioxidant ability is measured as the ability of test com-
pounds to decrease the color formation. Using the method 
of arnao et. al. (2002)1 the interaction between the antioxi-
dants and the aBTS·+ was monitored spectrophotometricaly 
at 734 nm.

F o l i n - C i o c a l t e u  a s s a y
In Folin-Ciocalteu assay 250 µl extract were mixed with 

1.25 ml of Folin-Ciocalteu reagent and 1.9 ml of sodium 
carbonate respectively and allowed to react for 2 hours. 
The absorption was measured with a Biotek Synergy HT 
spectrophotometer. the total phenolic compounds content 
was expressed as gallic acid equivalents (GaE mg g–1 dry  
weight DW).

Results	and	Discussion
The four grape seed extracts were analyzed by HPLC-

Uv, merlot variety having 80 % of flavanols content, Feteasca 
50 %, mustoasa 40 %, and the poorest flavanol content was 
for Chasla, only 20 % (data not shown). Table I and Fig. 1. 
shows the value obtained for the antioxidant capacity assays. 
oraC, TEaC and DPPH values are expressed in µm Tro-
lox g–1 DW. The antioxidant activity using TEaC and oraC 
ranged from 86 to 280, and respectively from 100–183 µm 
Trolox g–1 DW. From the four grape seed extracts, merlot and 

Table I
antioxidant activity of grape seed extracts as determined by oraC, DPPH, TEaC and Folin-Ciocalteu assay

 Sample name µm Trolox g–1 DW mg gae 100 mg–1 DW
  oraC DPPH TEaC Folin-Ciocalteu
 merlot 183.73 ± 2.4 1,140 ± 0.08 280.3 ± 1.8 651.2 ± 0.02
 mustoasa 123.1 ± 0.2 424 ± 0.09 129.6 ± 0.6 467.5 ± 0.04
 Feteasca 155.3 ± 2.1 656.1 ± 1.3 202.1 ± 0.6 645.2 ± 0.01
 Chasla 100.7 ± 1.8 67.2 ± 1.1 86.18 ± 3.1 423.2 ± 0.01
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Chasla varieties have the highest (280.3 ± 1.8), and respecti-
vely the lowest (86.18 ± 3.1) TEaC values. Chasla have also 
the lowest oraC value (100.7 ± 1.8).

The antioxidant activities determined by TEaC and 
oraC showed a very good correlation (r = 0.99). a good 
correlation was obtained also for oraC and DPPH assay 
(r = 0.97). Both assays are based on Trolox (a water soluble 
derivative of vitamin E) equivalents, although the oraC 
assay represents a hydrogen atom transfer reaction mecha-
nism and the teaC assay represents a single electron trans-
fer-based method5. ou et al. (2002) reported no correlation 
between the FraP and oraC techniques among most of 927 
freeze and dried vegetable samples, whereas these methods 
reveald a hight correlation in blueberry fruit (Connor et al, 
2002)3,4. Similarly, awika et al, 2003 observed high correla-
tion between aBTS, DPPH, oraC among sorghum and its 
products2. DPPH assay values shows significant differences 
between the flavanol richest merlot sample (1,140 ± 0.08) and 
the flavanol poorest Chasla sample (67.2 ± 1.1) respectively. 
The amounts of total phenolic compounds were of the same 
order of magnitude among the studied grape seed varieties 
from 423 mg GaE 100 g–1 DW to 651 mg gae 100 g–1 DW 
material (Table I). This is most probably due to the presence 
of the same type of phenolic compounds in the samples5. 

Conclusions
The flavanols contribute to the antioxidant activity of 

grape seed extracts. ranking of antioxidant capacity was hi-
gly consistent across the different methods used, obtaining 
the same following ranking from the varities of the grapes 
seed extracts tested:

merlot> Feteasca> mustoasa > Chasla

This study confirms also the correlation between oraC, 
DPPH and TEaC assays, their values being proportional with 
phenolic compounds contents.

This work has been supported by CNCSIS TD, 2006–
2008, Romanian Research Project.
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Introduction
apples are one of the most common sources of natural 

antioxidants in Czech population. This work was focused on 
study of changes of antioxidant content, enzyme activities, 
and protein composition in several local sorts of apples sto-
red for a long time under controlled atmosphere with reduced 
oxygen content.

To qualitative as well as quantitative analysis of indivi-
dual low-molecular weight antioxidants rP-HPLC/Uv-vIS 
and LC/mS were used. activites of superoxide dismutase, 
peroxidase and polyphenoloxidase were measured spectro-
photometrically, antioxidant activity was measured by ran-
dox kit. Proteins were analyzed by 1D microfluidic system 
Experion, saccharides by HPLC/rI. Except long-term sto-
rage conditions also influence of some other commonly used 
technological processes were tested (freezing, drying).

Material	and	Methods
p l a n t  m a t e r i a l

apples of three cultivars (Idared, Golden Delicious and 
Jonagored) were harvested and stored under regular atmos-
phere (ra) and controlled atmosphere-Fluctuated aNaerobi-
osis (FaN) for 158 days at 1 °C.

t o t a l  p h e n o l i c ,  F l a v o n o i d  a n d 
a n t i o x i d a n t  C a p a c i t y  a s s a y s

Total solube phenolics were analyzed colometrically 
with Folin Ciocalteu reagent using photometric detection 
(750 nm) and results were expressed as mg gallic acid per 
1 g of apple.

Total flavonoid content was analyzed colometrically 
with NaNo2  +  alCl3 using photometric detection (510 nm). 
results were expressed as mg catechin per gram of apple tis-
sue.

Total antioxidant capacity was measured by randox kit. 
This colorimetric method use radical aBTS˙+ (2,2’-azino-
bis(3-ethyl-2,3-dihydroBenzoThiazol-6-Sulphonate))and 
photometric detection (600 nm). results were expressed as 
mmol Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-car-
boxylic acid) per liter of raw apple juice.

I n d i v i d u a l  a n t i o x i d a n t s  a s s a y s
Individual flavonoids were analyzed using rP- HPLC 

method with the extrenal standarts ((–)catechin, catechin 
gallate, chlorogenic acid, epicatechin, morin, phlorizin, quer-
cetin, rutin). Spectrophotometric detection (Uv-vIS) after 
their extraction was used. In these assays two types of extrac-
tion were used:

water extraction
extraction by mixture of 1% HCl  +  ethylacetate

Samples (20 μl) were injected into the rP-18 column 
(Biospher PSI 200 C18, 7 μm, 150 mm × 4.6 mm). mobile 
phases were methanol/water (55 : 45) for water extraction 
and methanol/acetonitrile/water with 1% phosporic acid 
(20 : 30 : 50) for organic extration. The flow rate was maintai-
ned at 0.75 ml min–1, analysis was performed at 30 °C.

Carotenoids (beta-carotene, lycopene, luteine) were 
analyzed by rP-HPLC with spectrophotometric detection, 
organic extraction (acetone  +  diethylether) was used for pig-
ment isolation. Samples (20 μl) were injected into the rP-18 
column (Hypersil C18, 5 μm, 250 mm × 4.6 mm). as mobile 
phase for isocratic elution methanol was used. The flow rate 
was 1.1 ml min–1, analysis was done at 45 °C.

a s c o r b i c  a c i d  a s s a y
ascorbic acid was determined using rP-HPLC on 

Hypersil aPS-2, NH2, 5 μm, 150 mm × 4.6 mm column. Sam-
ples were stabilized by 2% HPo3, 20 μl was injected. mobile 
phase was natrium acetate/acetonitrile (95/5). analysis was 
performed at flow rate 0.6 ml min–1 and 30 °C.

microtitration method with 2,6-dichlorindofenol was 
used as comparative method too. The end point of titration 
was determined by pink colour.

results were expressed as mg of ascorbic acid per kg 
of apples.

S u r f a c e  m i c r o f l o r a  a s s a y
Natural microflora was determined using Evirocheck® 

kit (merck). Two types of kit were used: 
Contact TvC – Total viable Counts
Contact ym(r) – yeasts and mould
These tests can be used for analysis of liquid material 

as well as for surface testing. results were expressed as 
KBe cm–2 or cfu cm–2. artificial injection of Gloeosporium 
and Penicillium moulds was done for comparison of effect 
of surface infection on apple quality. Infected apples were 
stored in darkness and cold (6 °C). after 4–8 weeks surface 
changes were observed and surface microscopy of apples was 
done too.

S e n s o r y  a n a l y s i s
a group of 21 respondents were enrolled into orientation 

sensory study. they tested several apple varieties and eva-
luated basic sensory parameters. apple variety preferences 
and apple intake was studied too. The group of respondents 
was divided into two age-different groups:

•
•

•
•
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seniors: total 13, age 68.5  ±  7.16; 10 F/3 m,
juniors: total 8, age 27.13  ±  3.63; 6 F/2 m.

Results
antioxidant levels in apples are relatively low. Differen-

ces were observed according to fruit colour (variety) – high 
content was found mainly in yellow sorts (Golden Delicious). 
Freezing led to very low changes of antioxidant levels. Con-
trolled drying caused concentration of all antioxidants inclu-
ding ascorbate.

apple surface natural microflora contained mostly 
moulds and yeasts. artificial infection of long-term stored 
apples (158 days) was more intensive in apples stored under 
normal atmosphere than under controlled storage conditions 
(fluctuated anaerobiosis).

Total phenolic and flavonoid levels differed according 
to apple sort and colour. a part of phenolics formed by flavo-
noids was in range of 30–60 %. ascorbate levels detected in 
apples were in range 12–51 mg kg–1. In Idared apples about 
4 × higer content of ascorbate was found when compared 
with Jonagored apple. Concentrations of individual flavo-
noids (chlorogenic acid, morin, quercetin, rutin) carotenoids 
(lycopene, beta-carotene) and catechins ((–)catechin, catechin 
gallate, epicatechin) differed slighty according to apple sort. 
These substances exhibited significant contribution to final 
colour of apple fruits. Their content in apples was relatively 
low. TaS levels were related to the content of phenolics and 
flavonoids, no direct correlation was found. antimutagenicity 
corresponded to TaS.

Freezing is very suitable procedure for long-term con-
servation without significant changes of active substance 
content. after drying under regulated conditions (12 hours, 
50 °C) the highest decrease was observed in ascorbate level 
(62 %), TaS level decreased by 42 %, flavonoids and phe-
nolics content decreased by 40–50 %. regulated drying has 
probably no significant negative effect on biological activity 
of apples with regard to amount of dried fruit intake.

Long-term storage (158 days) led to some increase in 
levels of total as well as individual antioxidants in all stu-
died sorts. The highest level of all antioxidants was found 
in Idared variety, which is characteristic by the lowest long-
term stability. Levels of most of antioxidants in apples stored 
under modified atmosphere were also lower than under ra. 
It seems that great group low molecular weight as well as 

•
•

high molecular weight antioxidants is mobilized in overriped 
or damaged fruits, the higest response was observed in Idared 
apples. Simultaneously, this variety was very sensitive to arti-
ficial mould infection, fruit damage after artificial infection 
was in this sort the highest from all studied apple varieties. 
Thus, some unbalance in apple antioxidant status could be 
accompanied with increased sensitivity to mould infection.

In stored apples some antioxidant enzymes were ana-
lyzed too. The highest activity exhibited catalase (CaT) fol-
lowed by superoxide dismutase (SoD). Level of polyphe-
noloxidase (PPo) was very low. activities of CaT and PPo 
were lower in apples stored under regular than under modi-
fied atmosphere, while SoD activity was higher in apples 
stored under FaN. In red varieties the antioxidant enzymes 
exhibited higher values than in the green ones. mainly CaT 
and PPo are mobilized on overriped and/or slightly damaged 
apples.

Sensory analysis results obtained in two gorups of age-
different subjects showed that in both groups no significant 
differences in evaluation taste, aroma, colour and texture in 
4 sorts of apples were found. The lowest degree of consumer 
acceptance was found in Idared apple, while Jonagold was 
the most prefferd sort from analyzed apples. In general, red 
apple sorts were better accepted than green sorts. Both group 
preffered fresh apples than dried fruits. apple intake in senior 
group (1 apple daily, on average) was about 2 × higher than 
in junior group.

Conclusions
In general, apples contain a large number of different 

low-molecular weight as well as enzyme antioxidants, but 
levels of individual derivatives are relatively low. However, 
high intake of apples confirmed by questionnaire analysis can 
lead to cumulative effect. Thus, apples are one of the most 
important sources of natural antioxidants in Czech popula-
tion (average intake in population is about 600 g per week).

at present, more than 90 % of produced apples are 
being stored and the losses range from 5 % to 25 %. Study of 
modern storage technologies and their influence of fuit qua-
lity and consumer acceptability is very important problem.

This work has been partially supported by pro-
ject QH81056 of the Ministry of Agriculture of the Czech 
Republic.
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Introduction
recently, many investigations have been concerned with 

antioxidant properties of different nutritional products. Bee 
gathered pollen is regarded as valuable special food and is 
used also in apitherapy1. This beehive product also has seve-
ral useful pharmacological properties, such as antibiotic, anti-
neoplastic, antidiarrhoeatic and as an antioxidant agent2. the 
antioxidant activity of honeybee-collected pollen has been 
recognized as a free radical scavenger and as a lipid peroxi-
dation inhibitor2,3. This activity has been associated with the 
phenolic pollen content2.

The aim of the study was to measure content of polyphe-
nols and the antiradical activity of dried bee pollen.

Materials	and	Methods
The pollen loads were collected by 20 honey bee colo-

nies (Apis mellifera) settled in hives with bottom-fitted pol-
len traps, from different areas of Slovakia, during the season 
2007.

The fresh bee pollen was stored at –18 °C for appro-
ximately half of year, with moisture 20 %, until analysed. 
The dried pollen samples were dried (moisture 9–11 %). 
The moisture was tested by thermo-gravimetric analyzer. 
The pollen loads for analysis were taken from the following 
plant species: Papaver somniferum L., Brassica napus subsp. 
napus L., Helianthus annuus L.

The pollen samples (10 g) were milled, homogenized 
and diluted in 100 ml 90% ethanol. The ethanol extracts of 
pollen were stored at 5 ºC for further analysis.

The modified method by Brand-Williams was used4,5. 
antiradical activity of various bee pollen samples was deter-
mined using the free DPPH• radical. absorbance at 515.6 nm 
was measured at different time intervals using Shimadzu 1601 
Uv/vIS spectrophotometer (Uv-1601, Shimadzu, Tokyo, 
Japan) until the reaction reached a plateau. The absorbance of 
the 2,2-diphenyl-1-pikrylhydrazyle radical (DPPH•) without 
an antioxidant (i.e. the control), was measured first. The per-
cent of inhibition of the DPPH• radical by the sample was 
then calculated according to the formula:

where aC0 is the absorbance of the control at t  =  0 minute, 
aat is the absorbance of the antioxidant at time t minutes, 
% inhib equals percentage of free DPPH• radicals.

Total polyphenols content was quantified according to 
the Folin-Ciocalteau spectrophotometric method using tanin 
as reference standard6. results were expressed as milligrams 
of tanins equivalent per kilogram of pollen and were pre-
sented as the mean of triplicate analyses. all values of antio-
xidant and antiradical activity are expressed as mean ± stan-
dard deviation.

Results	and	Discussion
The antiradical activity was in the particular samples 

in range from 48.83 to 86.12 % (average 71.39  ±  16.45 %). 
antiradical activity as determined by the DPPH radical sca-
venging method decreased in the order: Brassica napus > 
Papaver somniferum > Helianthus annuus. In samples of bee 
pollen was the polyphenol content in the range from 763.67 
to 1377.67 mg kg–1 (average 1026.67  ±  258.31 mg kg–1). 
antiradical activity increased in the same order than content 
of polyphenols (Table I). In present investigations, great vari-
ability regarding content of polyphenols as well as antiradical 
activity in 3 pollens was found.

almaraz-abarca et al.7 reported that antioxidant acti-
vities were different for each species and were not clearly 
associated to the flavonol content in pollen. Pollen from diff-
erent botanical origin had different antioxidant capacity. The 
flavonol and phenolic acid composition, rather than the con-
centration, could be the determinant factor.

Great variability of phenolic contents was observed in 
the pollen of 12 plant species. Great differences in the radi-
cal-scavenging activity (rSa) were observed and were not 
correlated with the content of phenolic compounds. The pol-
len species can be divided into three groups: those of high  
(61–91.3 %), medium (23.5–29.6 %), and low rSa  
(8.6–16 %). In some of them a very high rSa corresponded 
to high levels of total phenols, phenylpropanoids and flavo-
nols.8

in the present investigations very high and high anti-
radical activity in the case of Brassica napus and Papaver 
somniferum, respectively, were manifested by very high and 
high content of polyphenols. The above results are partially 
in agreement with the Leja et al.8 reports. Helianthus annuus 
pollen integrated to second group with medium rSa reported 

% inhib  =  [(aC0 – aat)/aC0] . 100, (1)

Table I
antiradical activity and content of polyphenols in pollen

 pollen Dpph polyphenols
  [% of inhibition] [mg kg–1]
 H. annuus 48.43  ±  0.29 763.67  ±  5.56
 P. somniferum 79.61  ±  0.45 938.67  ±  3.09
 B. napus 86.12  ±  0.48 1377.67  ±  3.68



Chem. Listy, 102, s265–s1311 (2008) Food Chemistry & Biotechnology

s627

by Leja et al. (2007). None of investigated pollens from our 
research is being possible to integrate to third category with 
the low rSa. High levels of phenolic constituents are often 
accompanied by high antioxidative capacity of pollen; how-
ever, according to reports of Campos et al.9,10, no direct cor-
relation between flavonoids and radical-scavenging activity 
was found.

Conclusions
Further studies of the antioxidant properties (include 

antiradical activity) and the antioxidant components of bee 
pollen from different botanical origins are required, especi-
ally identification and quantification of individual antioxi-
dants contained in pollen.

This work has been supported by Science and Techno-
logy Assistance Agency under the contract No. APVT-20-
026704.

rEFErENCES
 1. Bogdanov S.: apiacta 38, 334 (2004).
 2. Campos r. m. G.: Thesis. School of Pharmacy. Univer-

sidade de Coimbra. Portugal. 318 pp. (1997).
 3. Campos m. G. et al.: Polyphenols 94, 415 (1994).
 4. Brand-Williams W. et al.: Lebensm. Wiss. u. Technol. 

28, 25 (1995).
 5. Sánchez-moreno C. et al.: J. Sci. Food agric. 76, 270 

(1998).
 6. Singleton v. L. et al.: meth. Enzymol., 299, 152 (1999).
 7. almaraz-abarca N. et al.: Interciencia 29, 574 (2004).
 8. Leja m. et al.: Food Chem. 100, 237 (2007). 
 9. Campos m. G. et al.: J. agric. Food Chem. 51, 742 

(2003).
 10. Campos m. G. et al.: Free-radical scavenging proper-

ties of bee-pollens – the non-involvement of flavonoids? 
Polyphenols Communications 2000, September 11-15. 
Freising-Weihenstephan Germany.



Chem. Listy, 102, s265–s1311 (2008) Food Chemistry & Biotechnology

s628

P26	 REDUCTION	POWER,	POLYPHENOLS	
CONTENT	AND	ANTIMICROBIAL	ACTIvITY	
OF	HONEY

Katarína FaTrCová-šramKováa, janKa 
NôžKováb, magDa márIáSSYovác, mIroSLava 
KačáNIovád and eva DuDriKováe

aDepartment of Human Nutrition, Slovak University of Ag-
riculture in Nitra (SUA), Tr. A. Hlinku 2, 949 76 Nitra,
bInstitute of Biodiversity Conservation and Biosafety, SUA 
Nitra,
cFood Research Institute, Centre in Modra,
dDepartment of Microbiology, SUA Nitra,
eUniversity of Veterinary Medicine in Košice, Slovak Repub-
lic,
katarina.sramkova@uniag.sk

Introduction
recent views propose honey not only as a health-pro-

moting dietary supplement, but shed light on its antioxidant 
properties. Honey has been reported to have antifungal acti-
vity, but not many species of fungi have been tested1. Super-
ficial fungal infections are amongst the most difficult diseases 
to successfully treat, antibiotics which successfully combat 
bacterial diseases being largely ineffective against fungi. 
So a treatment which has both antifungal and antibacterial 
activities would be most beneficial. Therefore the effecti-
veness of honey against the dermatophyte species which 
most frequently cause superficial mycoses (tineas such as 
ringworm and athletes foot) was investigated2. The aim of 
the study was to measure the reduction power, content of 
polyphenols and antimicrobial activity of honey.

Materials	and	Methods
Two honey samples were obtained directly from beekee-

pers during the 2007 harvest, from different locations across 
Slovak republic. The floral origin of the samples was speci-
fied by microscopic analyses of pollen grains at Institute of 
beekeeping in Liptovsky Hradok. Honeys were derived from 
different plant species namely Castanea sativa mill. and Bra-
ssica napus subsp. napus L. Honey samples were stored at 
4 °C in the dark until analysed.

reduction power was evaluated by the method of Prietto 
et al.3. This method is established on reduction of mo (vI) 
to mo (v) with an effect of reduction parts in the presence 
of phosphor under formation of green phosphomolybde-
num complex. Solution absorbance of reducing sample was 
measured at 705 nm (Uv-1601, Shimadzu, Tokyo, Japan) 
toward black experiment (distilled water). reduction power 
of compounds (rPaa) expressed as quantity of ascorbic acid 
necessary to achieve the same effect in µg ml–1 was calcu-
lated using the equation (1).

Total polyphenols content was quantified according to 
the Folin-Ciocalteau spectrophotometric method using tanin 
as reference standard4.

The potential antimicrobial activity of selected honey 
samples against Alternaria infectoria, Scopulariopsis brevi-
caulis, Trichophyton ajelloi and Saccharomyces cerevisiae 
was studied using the agar well diffusion method. The strains 
of fungi were maintained on Czapek-Dox agar (CDa, Hime-
dia). Honey solutions were prepared in three fractions: 50, 25 
and 10 % (by mass per volume). Experimental results were 
expressed as means  ±  standard deviation. all tests were per-
formed in triplicate.

Results	and	Discussion
reduction power of chestnut honey compounds 

was higher (4,083.67  ±  4.50 µg ml–1) than of rape honey 
(3,618.33  ±  3.30 µg ml–1). Comparison of polyphe-
nols content also refers on higher values in chestnut 
honey than in rape honey (65.33  ±  3.86 mg kg–1 versus  
41.00  ±  2.16 mg kg–1). The value of polyphenols for chestnut 
honey was approximately 1.6-fold higher than that for rape 
honey.

Bertoncelj et al.5 reported that total phenolic content 
(determined by the modified Folin-Ciocalteu method), anti-
oxidant activity and colour parameters differ widely among 
7 different Slovenian honey types. In the case of chestnut 
honey the phenol content was 199.9  ±  34.1 mg kg–1, i.e. 3-
fold more than in our present study. The results obtained from 
the study by Beretta et al.6 showed that the total phenol con-
tent in chestnut honey was 211.2 mg kg–1, i.e. 3.2-fold more 
than in our present study.

vela et al.7 observed that the phenolic compounds are 
partly responsible for the antioxidant effects of honey, but 
obviously there are other factors involved.

antifungal activities of the two honey samples with 
different concentration against fungi Alternaria infectoria, 
Scopulariopsis brevicaulis, Trichophyton ajelloi and Sac-
charomyces cerevisiae strains are presented in Table I. The 
obtained results characterize honey samples as a product with 
a broad antimicrobial effect. 

rpaa  =  (a705 nm – 0.0011)/0.00236 (1)

Table I
antimicrobial effect of honey samples

   Honey concentration [%]
  10 25 50
  Castanea sativa	mill.
 A. infectoria 11.46  ±  0.45 15.83  ±  0.99 18.21  ±  0.40
 S. brevicaulis 11.70  ±  0.67 14.40  ±  0.99 18.75       ±  0.25
 T. ajelloi 14.55  ±  1.12 18.11  ±  0.39 21.75  ±  0.35
 S. cerevisiae 8.15  ±  0.18 10.32  ±  0.30 12.84  ±  0.93
  Brassica napus subsp. napus	L.
 A. infectoria 10.94  ±  1.59 15.77  ±  0.12 17.22  ±  0.35
 S. brevicaulis 9.93  ±  0.09 12.36  ±  0.44 17.37  ±  0.43
 T. ajelloi 13.77s628  ±  1.01 17.38  ±  0.83 20.99  ±  0.52
 S. cerevisiae 7.51  ±  0.47 11.83  ±  0.89 14.48  ±  0.86
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a comparative method of adding honey to culture media 
was used to evaluate the action of starch on the antifungal 
activity of honey8. Brady et al.9 studied antifungal activity 
of honey to dermatophytes. The results of this investigation 
show that the common dermatophytes are sensitive to the 
antimicrobial activity of honey, indicating that clinical eva-
luation of honey in the treatment of tineas is warranted.

Conclusions
Phenolic compounds appear to be responsible for the 

antioxidant activity of honey. Further studies are necessary to 
clarify the antioxidant effect of honey.

This work has been supported by Science and Techno-
logy Assistance Agency under the contract No. APVT-20-
026704.
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Introduction
Plant pectate hydrolases are in general supposed to be 

bound on primary cell wall where they cause the homoga-
lacturonan degradation. Polygalacturonases can be classified 
into two groups depending on action pattern; enzymes ran-
domly cleaving substrate (polygalacturonases, EC 3.2.1.15) 
and enzymes terminally cleaving substrate (exopolygalactu-
ronases, eC 3.2.1.67)1. The biological function, structure as 
well as gene-expression of polygalacturonases have been stu-
died in detail, while the research of exopolygalacturonases 
(exoPGs) is still on its beginning. ExoPGs have not yet been 
fully characterized in terms of developmental roles but could 
clearly have significant involvement in cell expansion pro-
cesses. These enzymes are supposed to play a key role in the 
turnover of biologically active oligogalacturonates as signal-
ling molecules affecting plant growth and development.

Plant exoPGs were supposed to prefer only polymeric 
substrate and the ability for cleaving substrate with lower 
degree of polymerization (DP) was strictly attributed to 
enzymes produced by microorganisms. First description of 
plant enzyme preferring oligogalacturonates (oligogalactu-

ronate hydrolase, oGH) appeared in 2005 when an enzyme 
from carrot roots was described2.

Experimental
P u r i f i c a t i o n  o f  E x o p e c t a t e 
h y d r o l a s e s

In this work, exopectate hydrolases were isolated from 
parsley root juice and pulp extracts. The pulp protein mix-
ture presents a very heterogeneous material what requires 
more complicated purification process. accordingly, two dif-
ferent purification pathways were developed using different 
separation methods involving gel-permeation, affinity chro-
matography, chromatofocusing as well as preparative IEF 
(Scheme 1.). 

C h a r a c t e r i z a t i o n  o f  E x o p e c t a t e 
h y d r o l a s e s

activities of pectate hydrolases, utilizing substrates with 
various DP and different pHs, were determined by Somogyi 
assay3. The zymogram technique after IEF4 with a colourless 
d-galacturonan DP 10 followed by staining of non cleaved 
substrate with ruthenim red was used for determination of 
pI. molecular mass analysis of native and deglycosylated 
enzymes was done using SDS-PaGE with silver or Comma-
sie Blue staining method for band visualization. Presence of 

Scheme 1

Fig. 1.	 The	pH	optima	of	pectate	hydrolases	 in	parsley	roots;	
enzyme	 activity	 on:	 •	 –	 0,5%	 sodium	pectate,	 ○	 –	 1	µmol	ml–1	
pentagalacturonate,	A	–	enzymes	from	parsley	juice,	B	–	enzymes	
from	parsley	pulp

a

B
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these enzyme forms in individual cell structures was determi-
ned using the differential centrifugation method5.

Results
only pectate hydrolases with terminal action pattern 

on substrate were found in parsley roots cells6,7. ExoPG and 
two types of oGH were isolated, partially purified, further 
characterized and in-between compared. The comparison of 
their molecular masses, isoelectric points (Table I), tempera-
ture optima, thermal stability and also action pattern showed 
very similar results. on the other hand there were observed 
differences in their pH optima (Fig. 1., Table I) and substrate 
specificity in respect to DP of substrate (Fig. 2., Table I). In 
addition, the individual enzyme forms occurred in different 
cell structures as is partially shown (Fig. 3.).

ExoPG preferring the polymeric substrate has its pH 
optimum at 5.2. In contrast, the other types of pectate hyd-
rolases, oGHs, favour oligomeric substrates, hexagalacturo-
nate (ogh6) and decagalacturonate (ogh10) respectively. 
oGH10 has its pH optimum at 4.7. 

oGH6 includes three isoforms with pH optima at 3.6, 
4.2 and 4.6 (Table I). all forms showed temperature optima 
between 60–70 °C and were 100% stable at 55 °C (all 
unbound forms) and 50 °C (oGH10) respectively. 

Conclusions
Five forms of pectate hydrolases purified from parsley 

root cells were described6,7. The main difference between 
these enzymes is mainly the substrate preference in relation 
to the chain length. It is accompanied by the sharp decre-
ase of pH optima with decrease in DP of preferred substrate. 
The relationship between pH decrease in primary cell wall 
during auxin activation of proton pump bound on plasmatic 
membrane8 and DP decrease in linear parts of pectin molecule 
side chains9 regulated by pectate hydrolases with terminal 
action pattern can be indicated.

one enzyme only (oGH10), with preference to decame-
ric substrate, was strictly bound to the cell wall. Next three 
forms, with preference to hexagalacturonate, were found in 
other cell structures. only one typical form of exoPG with 
preference to polymeric substrate was identified; partially 
bound to the cell wall and partially free in the cytosol.

a

B

Fig. 2.	 The	 initial	 rates	 of	 pectate	 hydrolases	 from	 parsley	
roots	on	substrates	with	various	DP:	A	–	enzymes	isolated	from	
parsley	juice	with	pH	optimum	3.6	–	,	4.2	–	,	4.6	–		and	5.2	
–	,	B	–	enzyme	found	in	parsley	pulp	with	pH	optimum	4.7

Table I
Characterization of pectate hydrolases from parsley root 
cells

 
Enzyme

 ph DP of  
mr pi occurrence  optimum preferred 

   substrate
 oGH6a 3.6 6 55.3 5.45 organelles
 oGH6b 4.2 6 55.3 5.35 plasts, walls
 oGH6c 4.6 6 55.3 5.60 intracel. comp.
 oGH10 4.7 10 53.5 5.30 wall
 exoPG 5.2 PGa 55.3 5.55 wall, Er

Fig. 3.	 Abundance	of	individual	exopectate	hydrolase	activities	
in	different	cell	component:	A	–	cell	wall,	B	–	cytosol

a

B
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The oGH10 enzyme with unique substrate preference 
to decamer could also be important in determining the half-
live of oligogalacturonic acids in the infected plant tissue. 
It could be the endogenous signals regulating aspect of pro-
grammed developmental events or responses to “invanders”. 
Therefore, this enzyme and other pectate hydrolases may be 
of importance to the plant from several perspectives.

This research was supported by grants 2/6133/26, 
II/2/2005 and MSM 021630501 
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Introduction
Plant xyloglucan endotransglycosylases (XETs, EC 

2.4.1.207) catalyze the random cleavage of β-1,4-polyglu-
cose backbone of the donor molecule (xyloglucan, XG) and 
the transfer of part of XG carrying the newly created redu-
cing end to hydroxyl group at C-4 on the non-reducing end of 
another XG molecule or XG-derived oligosaccharide (accep-
tors). The process of transglycosylation can be described by 
Bi Bi reaction mechanism. Generally, there are two possible 
models of Bi Bi reaction mechanism: Pin-Pong and Sequen-
tial. In the Ping-Pong mechanism, the cleavage and transfer 
of part of polyglycan chain to the acceptor run in two steps. 
The first product (represented by the part of polyglycan chain 
carrying the original reducing end) is released from the stable 
enzyme-substrate complex before the acceptor substrate can 
bind. In contrast to the Ping-Pong mechanism, the sequential 
mechanism is observed like one step reaction, where a ter-
nary complex of enzyme with the both substrates is formed. 
the products are released at the same time.

The main XET form of parsley roots with the isoelectric 
point 4.6 has a broad pH optimum in the region of its stabi-
lity (pH 4.5–9.0) with one maximum in acidic (pH 5.8) and 
the second one in alkalic (pH 8.8) region1. The kinetic ana-
lysis at these two pH optima was performed using radioac-
tive alditols of XG octasaccharide (XLXGol + XXLGol) as 
an acceptor substrate as well as in dependence on the degree 
of polymerization (DP) of reducing xyloglucan oligosaccha-
rides (XGos). XGos with DP 7, 8 and 9 were used.

The mechanism of BiBi reaction was suggested from the 
nonlinear regression of kinetic data.

Experimental
E x t r a c t i o n  o f  X T H  f r o m  P a r s l e y 
r o o t s

XET from parsley roots (Petroselinum crispum cv. 
olomoucká dlouhá) was isolated and partially purified as 
described previously1.

S u b s t r a t e s
Tamarind seed xyloglucan used in this study was from 

Dainippon Pharmaceutical Co., Ltd, osaka, Japan.
XGos with DP 7–9 were prepared by digestion of tama-

rind xyloglucan with Trichoderma cellulase2. They were 
purified on Biogel P2 column and further fractionated by 
preparative HPLC on TSK Gel amide column (Tosoh) as 
described3. XG octasaccharide was converted to the corre-

sponding 1-deoxy-1-aminoalditols (glycamines) by redu-
ctive amination4. radioactive alditol of XG octasaccharide 
or reducing XGos with DP 7, 8 and 9 were prepared by their 
reduction with Na-borotritide [3h]naBh4 (iCn radiochemi-
cals, San Diego, Ca) as described earlier5.

K i n e t i c  p a r a m e t e r s
Standard XET assays were performed at 29 °C utilizing 

the radiometric method according to Fry et al. the initial 
rates were determined at pH 5.8 and 8.8 using five	different	
concentrations of xyloglucan (0.5–5 g dm–3 at ph 5.8 and 
0.5–1.5 g dm–3 at pH 8.8, respectively) and of radioactive 
alditols of XG octasaccharide (0.6–3.1 µM). Further experi-
ments were all performed at pH 5.8 using the same XG con-
centration range as described previously for this pH. redu-
cing XGos with DP 7, 8 and 9 were used in the range of 
5–200 µM. The incorporation of each [1–3H]-labelled XGos 
was measured by scintillation counting (Liquid Scintillation 
analyzer Tri-Carb 2800Tr, PerkinElmer, Illinois, USa) as 
described previously (Sulová et al., 1995). The Km values 
were calculated from nonlinear regression using origin 6.0.

Results
XET as a member of glycoside hydrolase family GH16 

utilize a double displacement/retaining mechanism of trans-
fer. This mechanism involves the formation of a covalent 
enzyme-substrate intermediate6, what is characteristic for 
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Fig. 1.	 Plot	of	1/v		=		f(1/xG)	at	different	concentrations	of	mix-
ture	of	xLxGol	+	xxLGol:	0.86	µM	(▲),	1	µM	(�),	1.24	µM	(),	
1.54	µM	(◊),	2.1	µM	(�)	and	3.1	µM	(Δ).	Michaelis	parameters	
were	determined	at	pH	5.8	(A)	and	8.8	(B),	respectively
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retaining glycanase operating by Ping-Pong mechanism. This 
is supported by the most of works published to this date3,7,8. 
on the other hand, the kinetic data of XET isolated from sus-
pension-culture poplar cells are consistent with the sequential 
mechanism9.

Kinetic analysis was performed at both pH optima of 
XET (Figure 1 a, B) using radioactive alditols of XG octasac-
charide (XLXGol  +  XXLGol).

 While K
M
 values for mixture of XLXGol + XXLGol 

were very similar at both pH optima (123 µM at ph 5.8 
and 137 µM at pH 8.8, respectively) for XG they differed 
(0.565 g dm–3 at pH 5.8 and 2.42 g dm–3 at ph 8.8, respecti-
vely). a strong inhibition with higher concentrations of XG 
was observed especially at pH 8.8 where the linearity of reac-
tion in dependence on XG concentration was limited. From 

this reason the further study of kinetic parameters was carried 
out only at acidic pH using reducing XGos.

The Lineweaver-Burk plots for XET showed parallel 
lines at higher concentrations of reducing XGos with DP 7, 8 
and 9 as acceptor substrates (Fig. 2. a, B, C). 

The kinetic parameters Km were determined by mea-
suring initial transfer rates of reducing XGos with DP 7, 8 
and 9 into XG (Table I). The data concluded in Table I show 
that the Km values for acceptor substrates increase with their 
decreasing DP. on the other hand the lowest Km value for 
donor substrate was calculated for octasaccharide as an 
acceptor.

Conclusions
The kinetic study analyzed at both pH optima of XET (pH 

5.8 and 8.8, respectively) indicate that the affinity of enzyme 
to acceptor substrate (mixture of XLXGol  +  XXLGol) is 
independent on pH unlike the Km values for XG, where sig-
nificant differences can be seen. 

The relationship between the Km values and DP of 
acceptor substrates shows the decrease of enzyme affinity to 
reducing XGos with their decreasing DP. as a consequence, 
the best acceptor substrate seems to be the nonasaccharide. 

The comparison of Km values for octasaccharides indi-
cates that parsley XET has a higher affinity for reducing 
oligosaccharide than to its alditol.

In all cases excepting the kinetic analysis using low con-
centrations of XGos, the Lineweaver-Burk plots for XET 
showed parallel lines. These results indicated that the enzyme 
catalyzed the reaction utilizing a Ping-Pong (Bi Bi) mecha-
nism rather than a sequential one. Hence, the non-parallel 
lines at lower concentrations of XGos can be explained by 
the stronger influence of side reactions like interpolymeric 
transglycosylation and inhibitions at such concentrations of 
acceptor substrate.

This research was supported by the Slovak Grant Agen-
cies VEGA No. 2/6133/26, APVV No. LPP/0177/06 and by 
grant No. II/2/2005 from the Slovak Academy of Sciences to 
Centre of Excellence GLYCOBIOS.
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Fig. 2.	 Plot	 of	 1/v		=						f(1/xG)	 at	 different	 concentrations	 of	
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Table I
Kinetic parameters calculated from nonlinear regression

 acceptor Parameter values ± S.D.
 substrate KmXG [g dm–3] KmXGo [µmol dm–3]
 nonasaccharide 0.854 ± 0.21 42.199 ± 6.546
 octasaccharide 0.589 ± 0.22 92.396 ± 10.120
 heptasaccharide 0.755 ± 0.08 117.612 ± 5.588
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Introduction
a number of studies describes the levels of metals in wi-

nes1,2 and organic compounds with high complexation capa-
city with them like anthocyanins3, phenolic compounds4,5, 
and so on. Correlation of metals and organic compound has 
been pointed out but it can not be probed since the measure-
ments were performed off-line. only in the case of Pb, the 
size exclusion chromatography coupled to an inductively 
coupled plasma mass spectrometry (SEC-ICP-mS) was used 
to determine biomolecular complexes6. However, the multi-
elemental profiling of wines by SEC-ICP-mS has not been 
performed until now. This approach has been successfully 
applied to the fractionation of several elements in nuts7,8, 
soybean flour9, and organs from Mus musculus10. multie-
lemental fractionation studies have also been performed by 
SEC-ICP-mS in premature human11,12 and whey milk13. the 
aim of this work is to determine the metal-binding molecules 
profiles in red and white wines from different grape varie-
ties as a preliminary step to find key compounds that can be 
used as fingerprint as well as to know all the metallospecies 
present in wines. The analytical methodology to obtain the 
distribution patterns of these elements was based on SEC on-
line coupled to Uv and ICP-mS.

Experimental
S a m p l e s

Samples of red and white wines were purchased in a 
local supermarket. all the samples were stored al 4 °C un-
til analysis. Table I shows the list of wines analyzed and the 
assigned codes.

p r o c e d u r e s
The SEC was carried out in a 26/70 XK column pac-

ked with Sephadex LH-20 (hydroxypropylated dextran beads 
crosslinked to yield a polysaccharide network) all from 
amersham Biosciences (Uppsala, Sweden). an aKTa-Prime 
system (pump and Uv detector at 254 nm) (amersham) was 
used as the eluent delivery system, equipped with a 200 µl 
sample loop. ICP-mS agilent, model 7500 ce (agilent Tech-
nologies, Tokyo, Japan). The instrumental operating conditi-
ons are given in Table II. Samples were two-fold diluted with 
mobile phase and 200 µl was injected in the SEC-Uv-ICP-
mS system.The mobile phase for SEC was daily prepared 
with a pH 4 methanol-buffer (50 : 50, v/v) solution.

Results
The fractionation profiles of the elements in wines are 

shown in Figs. 1.–4. only the most interesting profiles are 
discussed in this paper.

Table I
analysed samples

 Sample origin Grape variety Comments
 1 navarra  tempranillo, garnacha red
 2 navarra  not determined red
 3 jumiLLa  monastrell red
 4 Navarra  Garnacha red
 5 rioja  tempranillo, red
   garnacha, graciano
 6 jumiLLa  monastrell, tempranillo red
 7 PENEDéS  tempranillo, red
   garnacha, Carieña
 8 rioja tempranillo, garnacha red
 9 vaLDEPEÑaS  Tempranillo rosé
 10 Campo tempranillo, garnacha red
  De Borja
 11 PENEDéS  Garnacha, Cariñena red
 12 La manCha  tempranillo red
 13 riBera not determined red
  DeL Duero
 14 JUmILLa monastrell red
 15 rioja  tempranillo, garnacha red
 16 CaTaLUÑa macabeo White
 17 ConDaDo Zalema White
  De hueLva
 18 ConDaDo Zalema, palomino White
  De hueLva
 19 PENEDéS Chardonnay, Parellada White

Table II
Instrumental operating conditions for SEC-Uv-ICP-mS

 SEC-Uv
 Column Sephadex LH-20 
 Exclusión limit 5,000 Da
 mobile phase methanol-water (pH 4.0) 
 Flow rate 2 ml min–1

 Injection volumen 200 µl
 Uv-visible wavelength 254 nm
 ICP-mS
 Forward power 1,500 W
 Carrier gas flow rate 0.8 dm3 min–1

 make up gas 0.1 dm3 min–1 
 S/C temperature –2 °C
 Sampling depth 8 mm 
 Sampling and skimmer cones Pt
 Dwell Time 0.1 s per isotope
  55mn, 60ni, 63Cu,
 isotopes monitored 66Zn, 75as, 208Pb, 53Cr,
  57Fe, 59Co, 82Se, 111Cd
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m a n g a n e s e  F r a c t i o n a t i o n  P r o f i l e s 
Fig. 1 shows the chromatographic profiles of 55mn in the 

studied samples. The typical molecular mass distribution pat-
tern of this element is the presence of only one highly abun-
dant fraction between 2,126–7,000 Da. This fact indicates 
that manganese in wines is mainly associated with polysac-
charides, peptides, proanthocyanidins or low molecular mass 
proteins. Condensed tannins and anthocyanins are the most 
important metal ligands, since these species have numerous 
coordination sites capable of binding metal cations. In addi-
tion, the molecular mass indicates that the organic compound 
is not an anthocyanin. It has been reported that cyanidin-3-
o-glucoside anthocyanin with two – oH groups in the ortho 
position can complex mn at the ratio 2 : 1 ref.4, but the chro-
matograms shows the absence of mn in the retention time of 
this anthocyanin or the abundance is too low.

Lead	Fractionation	Profiles
Fig. 2. shows the superimposed chromatographic pro-

files of 208Pb in wines. Lead is mainly bound with high 
molecular mass compounds as can be concluded from the 
co-elution with metallothionein I (7,000 Da). all the sam-
ples present around the same abundance of this Pb-containg 
fraction. It is remarkable the presence of two peaks in this 
molecular mass region in sample 5. Sample 10 is the only 
one that presents a Pb-containing fraction of about 2,126 Da. 
in several samples1,4,11,17,18, a low abundant fraction with 
a molecular mass from 1,325 to 2,126 Da, have also been 
detected. Experiments with untreated wine passed through 
a minicolumn packed with polyurethane foam modified by 
2-(2-benzothiazo-lylazo)-p-cresol indicated that Pb(II) is 
strongly associated to other constituents, possibly bound with 
pectic polysaccharides and/or other related high-molecular-

weight natural organic species14. as previously reported6, 
lead in wine can be bound with a structurally complex pectic 
polysaccharide (rhamnogalacturonan II-rG II) that present 
the ability to form dimmers cross-linked by 1 : 2 borate diol 
esters (drG II). rG-II is a major polysaccharide of wine and 
is mainly present as a dimmer, although the monomeric form 
can also be detected. The molecular mass of drG II is about 
10 kDa, so the presence of B and Pb in this region is a mar-
ker of the presence of the complex. For this reason 11B was 
monitored together with 208Pb and they were detected in all 
the samples in the fraction of about 7,000 Da. Fig. 3 shows 
the presence of both elements in the most abundant fraction 
of lead in wines (about 7,000 Da) in sample 1.

a r s e n i c  F r a c t i o n a t i o n  P r o f i l e s
The molecular mass fractionation profiles of arsenic 

(Fig. 4.) are very different to those previously considered for 
other elements. although the abundance of as-containing 
peaks is low and not all the samples present this element 
above the detection limits, we can find that arsenic is present 
in two fractions, one of low molecular mass (526–1,355 Da) 
and other of about 2,126 Da. It has been reported (15) that 
the inorganic arsenic, as (III) (arsenite) is the major arsenic 
specie in wines but the organic species such as dimethylar-
sinic acid (Dmaa) and monomethylarsonic acid (mmaa), 
are under the detection limits of hidride generation-atomic 
spectroscopy fluorescence (HG-aFS). other papers report 
that, in most of wines, Dmaa is the most abundant specie, 
but the total inorganic aresenic fraction is considerable16. 
Some arsenosugars have also been determined in wines with 
a molecular mass from 326 to 478 Da17. However, the as-
sociation of as in wines with an organic compound of high 
molecular mass (2,126 Da) have not been reported until 
now.

Fig. 1.	 Molecular	 mass	 distribution	 of	 manganese	 species	 in	
wines

Fig. 2.	 Molecular	mass	distribution	of	lead	species	in	wines

Fig. 3.	 Coelution	of	Pb	and	B	in	sample	1
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Conclusions
The identification of chemical forms of elements in wine 

enables their toxicity and bioavailability to be estimated. The 
use of ICP-mS allows the multielement speciation in wines 
in only one chromatographic run, which constitutes a relia-
ble technique with high throughput. The possibility to screen 
many elements in a given chromatographic peak from a sam-
ple is critical since there are no errors associated with dif-
ferent measurements. on the other hand, food samples are 
complex and the selectivity of the ICP-mS avoids the tedious 
sample preparation. Therefore, ICP-mS is an excellent guide 
for further studies of the fraction of interest like reversed 
phase coupled to ICP-mS, refractive index and Uv detectors. 
The simultaneous determination of elements, carbohydrates, 
polysaccharides and polyphenols will be allowed. Finally, 
complexes will be identified by organic mass spectrometry.

This work was supported by the projects CTM2006-
08960-C02-01 from the Ministerio de Educación y Ciencia.
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Introduction
orthogonal chromatography systems coupled to ICP-

mS and organic mass spectrometry has been widely used for 
metal-biomolecules characterization in biological samples 
connected with in environmental issues. The use of these 
analytical approaches provides very interesting information 
to deep insight on toxicological concern of metals in the 
environment. The use of heteroatoms can be used as markers 
that simplify the traditional proteomic approaches1,2.

In a previous study, several organs of Mus musculus 
mice were extracted and analyzed by size exclusion chro-
matography coupled to uv and inductively coupled plasma 
mass spectrometry (SEC-Uv-ICP-mS)3. Some differences 
were found in the molecular mass distribution patterns of ele-
ments in the studied organs as in the case of a Cu-containing 
fraction that was only present in the brain. This fraction was 
collected, lyophilized and separated by reversed-phase (rP) 
high performance liquid chromatography (HPLC) following 
the Cu with the ICP-mS. 

2D-PaGE study of the extracts was performed in 
parallel, for the identification of overall proteins, after tryptic 
digestion of the spots. Comparison of metallomics and pro-
teomics results was performed and correlated with Mus mus-
culus genome information from data base.

Experimental
S t a n d a r d  S o l u t i o n s  a n d  r e a g e n t s

methanol (Teknokroma, Barcelona, Spain) was of LC 
gradient grade. Double de-ionized water (18.2 mΩ Cm) 
obtained from a milli-Q water system (millipore, Bedford, 
ma, USa) was used throughout. all the reagents used were 
of the highest available purity.

The buffer solution was prepared by dissolving 100 mm 
of ammonium acetate (merck, Darmstadt, Germany) in water 
containing 1 % (v/v) methanol (buffer a) and in methanol 
(buffer B), adjusting the pH to 7.4. Suprapur acetic acid (100% 
m/m) and ammonia (25% m/m) used for pH adjustment of 
the mobile phases were purcharsed from merck4.

i n s t r u m e n t a t i o n
HPLC was performed with an agilent 1100 Series 

(Waldbronn, Germany). reversed-phase HPLC was per-
formed with a Spherisorb oDS 2 column (250 mm × 4.6 
mm, 5 μm particle size: type PEEK) (Waters, massachusetts, 
USa). The reversed-phase HPLC column was directly con-

nected to the nebulizer of the ICP-mS instrument via PEEK 
tubing. 

Elemental detection was performed using a model 
agilent 7500ce ICP-mS instrument (Waldbronn, Germany)

p r o c e d u r e s
Animals	and	sample	preparation
Mus musculus (inbred BaLB/c strain) mice were from 

Charles river Laboratory (Spain). mice of 7 weeks of age 
were fed ad libitum with feed conventional pellets. This feed 
contained 11.9 % moisture, 16.1 % crude protein, 3.1 % 
crude oil, 60 % N-free extract (including starch, sugars, 
crude fibre, etc.) and 5.1 % total minerals. Cu concentrations 
included in the feed were as follows (the limits recommen-
ded for this element is indicated in parentheses): 17 mg kg–1  
Cu (10–35 mg kg–1).

mice were individually killed by cervical dislocation 
and dissected. Individual organs were excised, weighed in 
Eppendorf vials, cleaned with 0.9% NaCl solution, frozen in 
liquid N2 and stored at –80 °C until they were used for extract 
preparation. mice were handled according to the norms stipu-
lated by the European Community. The investigation was per-
formed after approval by the Ethical Committee of the Uni-
versity of Córdoba (Spain). Entire organs of each type (lungs, 
livers, spleens, kidneys, brains, testicles, hearts and muscles) 
from 20 different animals were pooled. The weight of the 
brain in the pool was 3.265 g. after that a solution (3 ml g–1) 
was added containing the following: 50 mm Tris-HCl buffer 
solution at pH 8, 1 mm DTT, 1 mm PmSF and protease inhi-
bitors (100 μl ml–1). Later, benzonase was added (500 U ml–1) 

Table I
Instrumental conditions for (rP-HPLC) and (ICP-mS)
instrumental operating conditions

 reverse phase-HPLC conditions
Columns Spherisorb oDS 2 (250 mm × 4.6 mm, 5 μm)
mobile phase Concentration gradient methanol (pH 7.4)
a: 100 mm NH4ac in 1% methanol
B: 100 mm NH4ac in methanol
 Time [min] Buffer [%]
 0 0
 5 30
 15 30
 25 0
 Flow rate  0.4 ml min-1

 Injection volume  50 μl
 ICP-mS conditions
 Forward power  1,500 W
 Plasma gas flow rate  15.0 dm–3 min–1

 auxiliary gas flow rate  1.00 dm–3 min–1

 Carrier gas flow rate  0.86 dm–3 min–1

 Sampling depth  6.5 mm
 Sampling and skimmer cones  Platinum
 Dwell time  0.3 s per isotope
 isotopes monitored  63Cu
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to the extracts, they were incubated for 30 min at room tem-
perature and, finally, were centrifuged at 80,000 rpm for 1 h. 
Extracts were stored at –80 °C until analysis.

Results
The profiles of different elements, such as Cu, Pb, Zn, Ni, 

as, mn were obtained with two SEC: High molecular mass 
(Hmm) for a separation range of 3–70 kDa and low molecu-
lar mass (Lmm) for a separation range below 10 kDa ref.3.

This work focuses the profile of copper from different 
organs with the Lmm column. In this figure, a differential 
peak between 2,126 to 7,000 Da was observed in the brain 
extract. 

For this reason, the copper fraction from brain was iso-
lated for a preliminary study and was used a second chroma-
tographic separation to purify the fraction previously mentio-
ned by using (rP)-HPLC and ICP-mS.

In Fig. 2., we can observe the two peaks obtained.
The mass balance corresponding to both chromatogra-

phy separation of this element was performed. a good reco-
very is obtained which de notes an acceptable isolation of the 
Cu molecules. For SEC the recovery of cooper from the total 
injected was 44.40 % and for (rP)-HPLC 76.5 %. The first 
peak contains 44.43 % of cooper from the total recovery for 
(rP)-HPLC and the second one 32.07 %. The total concent-
rations of cooper have been reported elsewhere3.

Conclusions
Previous works report the molecular size distribution 

patterns of elements in Mus musculus mice. In spite of mus 
musculus is well known since a great number of proteomic 

and genomic studies have been performed (i.e., the genome is 
completely known), the metallome has not been reported un-
til now. The most interesting fraction is that from Cu in brain 
extract which is not present in any other organ. This fraction 
has been latterly purified by rP-HPLC-ICP-mS. The pure 
extracts from rP-HPLC present only two peaks that can be 
related to Cu-biomolecules. Future works will be focused 
in the identification of these copper-compounds by organic 
mass spectrometry. 

The ICP-mS constitutes a powerful technique to obtain 
the patterns of many elements in complex biological tissues 
and it is an excellent guide for further studies of the fraction 
of interest like further separations by orthogonal techniques, 
molecular mass-spectrometric elucidations of the metallo-
species involved and so on.

This work has been supported by the projects CTM2006-
08960-C01/02 and BFU2005-02896 from the Ministerio de 
Educación y Ciencia and by projects FQM-348 and RNM-
523 from the Consejería de Innovación, Ciencia y Empresa 
(Junta de Andalucía). M.G.-F. thanks the Ministerio de Edu-
cación y Ciencia for a predoctoral scholarship.
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Fig. 1.	 Molecular	size	distribution	patterns	of	Cu	obtained	by	
SEC-ICP-MS	with	the	LMW	column

Fig. 2.	 Elution	profiles	of	Cu	by	(RP)-HPCL-ICPMS	from	the	
brain	extract
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Introduction
The fruit juice industry has become one of the world´s 

major agricultural businesses with world trade in fruit jui-
ces annually exceeding 10 billion $1. a key characteristic of 
this product is the flavour.2–7 Sweet orange (Citrus sinensis) 
typical aroma is attributed to alcohols, hydrocarbons, esters 
and aldehydes considering solely the number of compounds 
involved. among these compounds, citral, limonene, linalool,  
α-pinene, ethyl butanoate, acetaldehyde and octanal have 
been identified as most contributing to orange flavour, and 
can be used in orange juice authentication. In addition, some 
orange juice off-flavours can be developed such as α-terpi-
neol that is a well known off-flavour compound present in 
stored citrus products formed from d-limonene or linalool8.

In this work, a method based on liquid-liquid extraction 
with ethyl acetate and later preconcentration has been opti-
mised for the extraction of about twenty flavour compounds 
in orange juice. The method is complemented by a chroma-
tographic separation (GC) for the identification of different 
compounds based on the retention times obtained by gas 
chromatography.4–9 with flame ionization detector (GC-FID) 
and the mass spectra of each analyte (GC-mS). Quantifica-
tion data was obtained with both detectors. The levels of the 
flavour compounds have been used to enhance the quality 
of oranges for industrial juice production and authentication 
purposes.

Experimental
m a t e r i a l s

The gas chromatograph used for this study is an agilent 
6890n.

Chromatographic parameters:
Column: HP-5mS. 30 m in length 0.25 mm ID. 0.25 μm 
film.
Stationary phase (5% phenyl)-methylpolysiloxane
Injector Temperature: 250 °C
oven Programme (Table I):

•

•
•
•

Detector temperature: 300 °C.
Column flow rate: 1 ml min–1

Carrier gas: Helium
Injection volume: 5 μl

a n a l y t i c a l  m e t h o d s
Sample	preparation
an aliquot of 30 ml of juice, previously tempered and 

homogenized by manual or mechanical shaking, was measu-
red using a test tube of 50 ml Class a and transferred using a 
funnel tapered to a 100 ml separating funnel, provided with 
a Teflon key.

after that, 20 ml of juice was extracted with a mixture 
of ethyl ether: methanol: ethyl acetate (18.5 : 1 : 0.5) and cent-
rifuged to 5 °C and 4000 rpm for 5 minutes. Supernatant was 
withdrawn and passed to a 100 ml bottle with screw cap. The 
juice was extracted again with 20 ml of pentane and centri-
fuge to 5 °C and 4,000 rpm for 5 minutes. Supernatant was 
withdrawn and passed to 100 ml container together with the 
previous organic phase.

The third extraction was carried out with 20 ml of dichlo-
romethane: methanol (19 : 1) mixture and centrifuged to 5 °C 
and 4,000 rpm for 5 minutes. The contents of the centrifuge 
tube were transferred carefully to a 100 ml separating coni-
cal funnel. after few minutes the organic phase (bottom) was 
separated in a vial. anhidrous sodium sulphate was added 
and the content was stirred and centrifuged under the same 
conditions above described. 

The total of all three phases was passed to a functional 
round-bottoned flask for evaporation with a rotary evapora-
tor, keeping the bath temperature at 70 °C to eliminate the 
most volatile solvents (all of them with boiling point lower 
than 70 °C except ethyl acetate). The extract was transfer-
red to an eppendorf tube and the internal standard (α-ionone) 
was added to achieve a final concentration 50 mg dm–3. the 
extract was concentrated to a final volume of 1 ml.

Chromatographic analysis
5 μl of the extract with the internal standard were injected 

in the gas chromatograph with a FID detector. For the inequi-

•
•
•
•

Table I
oven program for the chromatographic separation

Temperature [°C] rate [°C min–1] hold [min] total [min]
 50  5 5
 225 3 10 73.33

Fig. 1.	 Chromatogram	of	a	sample	of	orange	juice	using	GC-
FID:	1.	Hexanal	+	ethyl	butyrate,	2.	Cis-3-hexen-1-ol,	3.	Hexanol,	
4.	α-Pinene,	5.	(-)	β-Pinene,	6.	Ehyll	hexanoate,	7.	Limonene,	8.		
γ-Terpinene,	9.	L-linalool,	10.	(+)Terpinen-4-ol,	11.	S-α-terpineol,	
12.	Decanal,	13.	Neral,	14.	Carvone,	15.	Geranial,	16.	Dodecanal,	
17.	α-ionone	(internal	standard),	18.	β-ionone,	19.	valencene
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vocal identification of some compounds in the sample, the 
mass spectrometer detector was used.

Results
C a l i b r a t i o n  a n d  D e t e c t i o n  L i m i t s

Fig. 1 shows the typical chromatogram of a sample  
of orange juice. as we can see, 19 compounds responsible  
of the flavour were identified depending on their retention 
times using standards. 

P r e s e n c e  o f  v o l a t i l e  C o m p o u n d s  i n 
J u i c e s  S t u d i e d

Fig. 2 shows the concentration of minority compouns 
present in the analysed oranges juices. 

Fig. 3 shows the major flavour compounds found in 
the analysed samples. as we can see, the concentration of 
limonene is very high (with concentrations up to 72 ppm) 
and lower concentrations of S-α-Terpineol, a compound that 
comes from the degradation of limonene and is responsible of 
unpleasant odors at concentrations greater than 2 ppm.

Conclusions
It has been optimized a fast, accurate and sensible metho-
dology for the quantification of volatile compounds 
responsible for the flavour of the orange juice.
It has developed a procedure for extraction of these 
compounds with recoveries around 80%.

•

•

The methodology developed is transferable to the food 
industry and can contribute to the development of a new 
products of enhanced quality
The method allows monitoring the process of matura-
tion of the orange (Citrus sinensis) by assessing the con-
centrations of aromas.
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Fig. 2.	 Three-dimensional	 bar	 chart	 that	 represents	 the	 con-
centration	of	the	compounds	responsible	for	the	aroma	minority	
ten	samples	of	orange	juice

Fig. 3.	 Three-dimensional	 bar	 chart	 that	 represents	 the	 con-
centration	 of	 the	 compounds	 responsible	majority	 responsible	
for	the	scent	of	ten	samples	of	orange	juice
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Introduction
one of the most important aspects of environmental pol-

lution to humans is that a significant intake of heavy metals 
occurs through diet. Food-producing animals are a rich source 
of food, but they are also a source of various contaminants. 
Heavy metals are natural components of the environment, but 
in recent years industrial, agricultural and zootechnic deve-
lopment has been responsible for the diffusion of these sub-
stances in the environment1. The toxicity and metabolism of 
metals may be influenced by number of factors, which vary 
in importance for different metals. many factors, such as sex, 
age, metal interaction and diet, can affect the absorption and 
accumulation of these metals2. the cadmium levels in meat 
from muscle are of the order of 0.01 mg kg–1 for animal at 
slaughter, although they may be higher in older animals. 
Cadmium concentrations in liver, and particularly, kidney 
are substantially higher than that in muscle. In livers of cal-
ves, pigs and poultry, Cadmium levels range from 0.02 to 
0.2 mg kg–1, these levels may also be higher in older animals. 
Cadmium levels found in kidneys from calves and pork pigs 
from 0.05 to 0.5 mg kg–1, while the concentration in ox kid-
neys may approach 1 mg kg–1. Horse kidney and liver may 
have cadmium concentrations exceeding 10 mg kg–1(ref3). 
The levels of cadmium and other elements were determined 
in beef and pork imported to Sweden from six different coun-
tries. all results for cadmium were below the detection limits 
of 0.001 mg kg–1 fresh weight4.

Experimental
In this study we analysed 360 samples of meat produ-

cts – sausages, hams and frankfurters. The 90 of samples 
descended from Slovak republic, 90 of samples from Czech 
republic, 90 of samples from austria and 90 of samples from 
Germany. The samples were collected of the Slovak market 
in 2007.

Cadmium in food samples was determined by pressure 
mineralisation in the combination with atomic absorption 
spectrophotometry. The samples were separately packed in 
polyethylene bags and stored at –20 oC until the analysis. 
Samples were weighed in glass digestion tubes on a precision 
balance. Prior to analyses the samples were homogenised and 
then 1.5 g of sample was taken for pressure decomposition. 
a 10 ml high purity nitric acid (hno3) added to the tube and 
enclosed into pressure cooker, and stationed into pre-heat 
drier. the pressure decomposition insisted 3 hour at 150 oC. 

The measurements of cadmium were performed on an atomic 
absorption spectrophotometer varIaN aa-175.

Results
We evaluated the content of cadmium in three kinds of 

the meat products: sausages, hams and frankfurters, which 
descended from different producers. The basic variance-statis-
tical characteristics of cadmium in meat products are showed 
in Table I. The highest mean value of cadmium in sausages 
(0.0589 mg kg–1) was found at products supplied from aus-
tria. The lowest mean value of cadmium (0.0525 mg kg–1) 
was found in Slovak sausages. The highest mean value of 
cadmium (0.0583 mg kg–1) was found in Slovak hams, and 
the lowest average value of cadmium (0.046 mg kg–1) was de-
tected in austria hams. The highest mean value of cadmium 
(0.0679 mg kg–1) was found in Slovak frankfurters and lowest 
value of cadmium (0.0513 mg kg–1) was found in austria 
frankfurters. variability content of cadmium in individual 
meat products was very different and varied from 69.32 % to 
111.03 %. at sausages was the highest variability (111.03 %) 
at products made in Slovak republic, the lowest variability 
content of cadmium (70.28 %) was found in products made in 
austria. at hams was the highest variability (96.77 %) of the 
content of cadmium at products made in the Slovak republic, 
and the lowest variability at hams (69.32 %) was at products 
made in Germany. at frankfurters was found the highest vari-
ability of cadmium from austria (107.5 %) and the lowest 
variability of cadmium was at frankfurters of Czech republic 
(77.99 %). The number of samples for individual meat pro-
ducts and countries, which suitable respectively unsuitable 
applications of Food Codex Slovak republic are shown in 
Table II. The number of unsuitable samples in the each group 
of meat products, ranged from 2 to 6. From total number 360 
of samples were an excess of the allowable limit in 57 cases. 
Content of selected chemical element in the followed meat 
products was different. The origin of cadmium in the meat 
products is from raw material (meat and organs of animals), 
additive material (condiment) and water. Due to this, it has to 
be stated, that differences in the content of chemical elements 
are of reason. meat from different animals, of different condi-
tions and breeding was used for products. They were fed with 
different feed. Therefore content of selected metal in their 
muscle is different. meat has been minced and mixed toge-
ther, therefore content of cadmium in the meat products is 
dependent on the level of mince or homogenisation respecti-
vely. Different occurrence of studied chemical element in the 
meat products is dependent on the level of meat and organs 
contaminant.

many of previous reports has followed the content of 
chemical elements in the muscle, kidney and liver. From the 
point of view of human exposure it is necessary to follow the 
content of toxic substance in meat products, as all slaughte-
red animals are not examined individually. Therefore moni-
toring of distribution and occurrence of chemical elements in 
the meat products is necessary.
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The occurrence of cadmium in meat and meat products 
studied other authors; referred to toxic effects of cadmium5,6,7. 
The obtained results content of cadmium in meat products are 
comparing with the results of other authors8,9.

Conclusions
We found, that meat product were contaminated by 

cadmium. From evaluated 360 samples (salami, hams 
and sausages) was 15.8 % (57 of samples) evaluated as 
over-limit in comparison with the highest allowable value  
(0.1 mg kg–1) by Food Codex Slovak republic. The hi-
ghest values of cadmium were detected in sausages 
made in the Slovak republic (0.247 mg kg–1 respectively  
0.224 mg kg–1). as primary source of cadmium in meat pro-
ducts can be regarding liver, kidney and meat. The high vari-
ability content of cadmium is given mainly thereby, that pro-
ducts descended from different producers.

This research is supported by a grant from Scientific 
Grant Agency of Ministry of Education of the Slovak Repub-
lic and Slovak Academy of Sciences, no. of project: VEGA 
1/3475/06.
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Table I
Basic variance-statistical characteristics of cadmium in meat 
products

parameters x S. D* C. v** xmin xmax  [mg kg–1] [mg kg–1] [%]
 Slovak republic
 Sausages 0.0525 0.0583 111.03 0.004 0.241
 Hams 0.0583 0.0564 96.77 0.005 0.217
 Frankfurters 0.0679 0.0636 93.67 0.008 0.247
 Czech republic
 Sausages 0.0544 0.0518 95.35 0.002 0.168
 Hams 0.0534 0.0427 79.83 0.004 0.146
 Frankfurters 0.0547 0.0427 77.99 0.001 0.174
 austria
 Sausages 0.0589 0.043 73.0 0.006 0.147
 Hams 0.046 0.0424 92.18 0.002 0.156
 Frankfurters 0.0513 0.0552 107.5 0.002 0.241
 germany
 Sausages 0.034 0.0375 70.28 0.002 0.141
 Hams 0.047 0.0353 69.32 0.006 0.144
 Frankfurters 0.0562 0.0459 81.63 0.004 0.212

Table II
Numbers of samples suitable and unsuitable by Food Codex 
in the Slovak republic

 products Suitable Unsuitable 
  samples samples
  Slovak republic
 Sausages 24 6
 hams 25 5
 Frankfurters 24 6
  Czech republic
 Sausages 25 5
 hams 25 5
 Frankfurters 25 5
  austria
 Sausages 24 6
 Hams 26 4
 Frankfurters 26 4
  germany
 Sausages 27 3
 hams 28 2
 Frankfurters 24 6
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Introduction
Iodine is a key-element in the thyroid functions as active 

centre of the thyroid hormones, which activity depend on the 
number of iodine atoms into the molecule. These hormones 
are involved in the regulation of different important biologi-
cal processes. 

Thyroxine (T4 or 3,5,3’,5’-tetraiodothyronine) is the 
major hormone produced and secreted in the follicular cells 
of the thyroid gland by the protein thyroglobulin (Tg). other 
compounds homologues have also been subsequently charac-
terized. 

In addition, thyroid hormones have enantiomeric forms 
which affect their biological activities1,2. Therefore, these 
species have to be determined separately to know their real 
metabolic behaviour and action on living organisms. 

There are a number of problems associated with the 
analysis of thyroid hormones. The use of liquid chromato-
graphy/mass spectrometry presents several advantages over 
the currently used radio-immunoassay (rIa) and gas chro-
matography-mass spectrometry methods. The use of a Uv 
detector to monitoring chromatographic separations allows 
a good sensitivity. There is an increasing interest for the use 
of HPLC coupled to mS, which increases the selectivity 
with acceptable sensitivity that is advisable for the complex 
biological matrices. However, the most sensitive analytical 
approach for iodinated hormones is HPLC-ICP-mS, which 
has been proposed by michalke and other authors3.

In the present study an analytical method for eight thy-
roid-related compounds has been performed. The coupling 
of HPLC-Uv(PDa)-mS allows the identification and quan-
tification of all the compounds and HPLC-ICP-mS the ana-
lysis of very low level of these hormones. a procedure for 
the analysis of these substances in human serum samples has 
been optimized and method reliability validated by recovery 
experiments.

Experimental
all the calibrants: L-thyronine – T0; 3,5-diiodo-L-thy-

ronine – L-T2; 3,3’,5-triiodo-L-thyronine – L-T3; 3,3’,5’-trii-
odo-L-thyronine – L-r-T3; L-Thyroxine – LT4; D-thyroxine 
– D-T4; 3,5-diiodo-L-tyrosine – DIT; 3-iodo-L-tyrosine 
– mIT were obtained from Sigma-aldrich Chemie (Stein-
heim, Germany). Stock solutions were prepared at a concen-
tration of 1 mg ml–1 in a mixture of meoH and 10 nm NaoH  
(1 : 1 (v/v)).

C h r o m a t o g r a p h i c  C o n d i t i o n s  a n d 
i n s t r u m e t a t i o n

a SpectraSYSTEm P4000 (HPLC) coupled in series 
with a SpectraSYSTEm Uv6000LP photo diode array de-
tector (PDa) and a LCQ advantage mass spectrometer from 
Thermo-Finnigan (San José, Ca, USa) with electrospray 
ionization (ESI) as ion source was used with a CHIraL-
paK® QN-aX column. The mobile phase was 3% acetic 
acid in 40 % acetonitrile and 60 % water mixture; flow rate 
0.7 ml min–1.

H P L C - I C P - m S  C o u p l i n g
an ICP-mS (HP 7600e, Hewlett-Packard, USa) was 

used with the same chromatographic conditions of previous 
paragraph. Iodine was determined at m/z 127. The operatio-
nal conditions were the followings: forward power 1500 W, 
plasma gas flow rate 15.0 ml min–1, auxiliary gas flow rate 
1.0 ml min–1, carrier gas flow rate 0.6 ml min–1, optional gas 
(o2) 6%, sampling depth 6.5 mm, sampling and skimmer 
cones of platinum. The dwell time was set to 0.3 s. 

H o r m o n e s  E x t r a c t i o n  f r o m  S e r u m
a ClinChek®-Control serum (rECIPE, Chemicals+ 

Instruments GmbH, munich, Germany) serum was used for 
hormone extraction. a volume of sample between 300 and 
450 µl of serum was treated with a triple volume of 1% for-
mic acid in acetonitrile. The mixture was vortexing for 5 min 
and centrifugated at 3,000 rpm for 10 min. The supernatant 
was filtered by 0.2 µm before to inject into the chromatogra-
phic column.

Results
The use of the in series coupling HPLC-PDa (Uv-vis)-

mS intents to combine the sensitivity of Uv detector with the 
PDa system and the selectivity of mS. However, the very 
low levels of these hormones in healthy and hypothyroid peo-
ple require more sensitive detection that can be reached with 
HPLC-ICP-mS. 

a chiral separation of these hormones was performed 
using a tert-butyl carbamoylated quinine stationary phase. 

Several solvent mixtures were tested as mobile phases. 
The optimum separation was obtained with 3 % of acetic in 
acetonitrile:water (40:60) at a flow rate 0.7 ml min–1. 

In Fig. 2 is shown a typical chromatogram obtained 
with the HPLC-(PDa)Uv system for 20 mg dm–3 of each 
compound. The different compounds are well resolved but 

Fig. 1.	 Tert-butyl	carbamoylated	quinine	stationary	phase
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overlapping of T0 and L-mIT was observed. For this reason 
mS/mS mode detection was tested for selective extraction 
of the ion [m + H]+ of To (m/z 274.1) against L-mIT (m/z 
308.1) – Fig 3. 

a similar chromatogram was obtained with HPLC-ICP-
mS, but limits of detection decreased drastically and the mix-
tures of hormones were traced at 5 µg dm–3 (Fig. 4). 

m e t h o d s  P e r f o r m a n c e
The method based on HPLC-(PDa)Uv present a linear 

range between 1 and 25 mg dm–3, with detection limits 
between 0.04 to 0.1 mg dm–3. 

For the HPLC-ICP-mS method the linear range was 
obtained between the detection limit and 100 µg dm–3, and 
detection limits between 0.15 and 2.0 µg dm–3, depending of 
compound considered.

H o r m o n e s  E x t r a c t i o n  f r o m  S e r u m
Proteins present in the serum were eliminated by preci-

pitation with 1 % of formic acid in acetonitrile.
The final approach were appplied to a control human 

serum (ClinChek®-Control serum), usually used in the hospi-
tal for quality control, with good recoveries. 

C o n c l u s i o n s
The combination of HPLC-PDa-Uv-mS and HPLC-

ICP-mS allows identification and cuantification of thyroid 
hormones in human serum. The use t-BuCQN colunm allows 
chiral speciation of these hormones. Proteins elimination 
from serum is necessary for the analysis of thyroid hormones 
in human serum. The method is suitable for the analysis of 
these hormones in control serum samples. Further studies are 
necessary to check the applicability of the approach to real 
human serum.

This work has been supported by the Grant CTM2006-
08960-C02-01(Ministerio de Educación y Ciencia-Spain 
and project FQM-348 from the Consejería de Innovación, 
Ciencia y Empresa (Junta de Andalucía)
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Fig. 2.	 Chromatogram	 of	 thyroid	 hormones	 with	 HPLC-
(PDA)Uv

Fig. 3.	 Chromatogram	of	thyroid	hormones	with	HPLC-MS/MS	

Fig. 4.	 Chromatogram	of	thyroid	hormones	with	HPLC-ICP-MS	
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Introduction
Exogenous stress and other environmental factors can 

induce many changes in cell composition. Some of these 
changes involved in stress response may lead to over- or 
underexpression of cell proteins. Identification of metabolic 
markers characteristic for certain events provides important 
insight into the metabolism control. additionally, this infor-
mation could be used to the biotechnological production of 
some industrially significant metabolites. 

Carotenogenic yeasts produce high amount of lipidic 
compounds. Carotenoids are membrane-bound lipid-soluble 
pigments, which can act as effective antioxidants and sca-
venge singlet oxygen. In red yeasts they probably act as adap-
tive and/or protecive mechanism against exogenous oxidative 
stress and Uv-irradiation. Carotenoids are produced by a spe-
cific branch of common isoprenoid pathway and accumulated 
in particular cell organelles. 

In this work, protein and metabolic profiles of salt- and 
peroxide- stressed carotenogenic yeasts of the genus rhodo-
torula were analyzed. Yeast cells Rhodotorula glutinis CCy 
20-2-26 and Rhodotorula rubra CCY 20-7-29 were cultivated 
in glucose medium in presence of 2–5% NaCl and 2–5 mm 
hydrogen peroxide. In yeast cells carotenoids and ergosterol 
as specific stress metabolites were measured using HPLC/
DaD. Proteins were separated by 1D and 2D electrophoresis. 
Some spots were identified by LC/mS/mS.

Materials	and	Methods
S t r a i n s

industrial yeasts Rhodotorula glutinis CCY 20-2-26 
and Rhodotorula rubra CCY 20-7-29 were used as tested 
strains. as a comparative strain Saccharomyces cerevisiae  
CCY 21-4-88 was used. red yeasts were cultivated on glu-
cose medium aerobically at 28 °C. Exogenous stress was 
induced by 2–5 mm peroxide and 2–5% NaCl.

C e l l  F r a c t i n a t i o n
Protein fractions of red yeast cells were obtained by 

gradually separation using combination of chemical (NaoH 
and detergents) and mechanical (glass beads; 100 µm) lysis. 
Protein fraction for 2D analysis was isolated mainly from 
lyophilized cells.

C a r o t e n o i d  a n a l y s i s
Levels of carotenoids – lycopene, beta-carotene, toru-

len and phytoene were analyzed using HPLC/mS. Ergosterol 
was analyzed by rP-HPLC (280 nm).

1 D  g e l  e l e c t r o p h o r e s i s
1D PaGE-SDS electrophoresis of proteins was carried 

out by common procedure using 10% and 12.5% polyacryla-
mide gels. Proteins were staining by Coomassie Blue and by 
silver staining. For comparison, microfluidic technique using 
1D Experion system (Biorad) and P 260 chips was used for 
yeast protein analysis too.

2 D  G e l  E l e c t r o p h o r e s i s  a n d  L C -
m S / m S

2D electrophoresis of proteins was optimized in coo-
peration with Laboratory of Functional Genomics and Pro-
teomics, Faculty of Science, masaryk University of Brno. 
2D gels were obtained using protein preparatives isolated 
from lyophilized cells. after optimization of separation con-
ditions proteomes from stressed R. glutinis and R. rubra cells 
were isolated, lyophilized and analyzed. Quantitative analy-
sis was done using Biorad Laboratories 2D software. Identi-
fication of some spots was done using LC-mS/mS.

Results
Proteins from red yeast species were isolated with cell 

lysis combined with mechanical disintegration and protein 
profiles were obtained by 1D and 2D electrophoresis. meta-

Fig. 1.	 1D	 protein	 profiles	 –	 stressed	 R. rubra	 (NaOH);		
lane	1	–	standard	6,	2	–	proteome	from	lyofilized	cells,	3	–	pro-
teome	 from	 non-lyofilized	 cells,	 4	 –	 proteome	 2%	 NaCl,	 lyo,		
5	–	2	%	NaCl,	non-lyo,	6–7	–	5	%	NaCl,	8–9	–	2	mM	hydrogen	
peroxide,	10–11	–	5	mM	peroxide;	12,	13	–	standards	4,	5
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bolome changes connected with proteome changes were 
observed. Presence of exogenous stress factor led to overpro-
duction of carotenoids.

Conclusions
In this work proteome changes in two Rhodotorula stra-

ins grown under salt and peroxide stress was studied. Isola-
tion of proteins from red yeast cells is extremely complicated 
by unusual character of cell wall. Combination of several 
glycosidases and glucuronidases was the most common pro-
cedure. However, this method can lead to high interference of 
lytic enzymes during electrophoretic separation. In this work 
isolation of proteome using detergent SDS or alcalic lysis 
(NaoH) combined by mechanical disintegration by glass 
beads was optimized.

1D electrophoresis PaGE-SDS exhibited relatively 
good separation of proteins. Better results were obtained by 
alcaline lysis. 

2D electrophoresis was done using stressed yeasts Rho-
dotorula glutinis and Rhodotorula rubra. Proteomic profiles 
differed according to strain and stress type.

in R. glutinis proteome more spots were evaluated. 
Significant 2D proteome changes were observed mainly in 
peroxide stress. relatively well-balanced response to stress 
influence was observed in presence of 2 % salt; it seems that 
R.glutinis cells could exhibit long-term adaptation to this 
stress factor. 

in R. rubra proteome less protein spots were detected 
and changes in stress conditions were not such intensive as 
in R.glutinis. 

Proteome changes corresponded to some metabolome 
changes in Rhodotorula cells. Presence of some exogenous 
stress factor led to important overproduction of beta-carotene 
and ergosterol. Both these industrially significant metabolites 
are induced by the same way through the common isopre-
noid pathway. In presence of salt well-balanced adaptation 
mechanisms were probably activated and, thus, salt stress 
could be used industrially to enhanced production of beta-
carotene enriched biomass. R. rubra produced substantially 
lower amount of beta-carotene, this production was quite 
independent on stress factor.

Further experiments are needed for detailed characteri-
zation of molecular changes connected with exogenous stress 
and for identification of proteins involved in stress response 
of red yeasts.

This work was supported by projects MSM 0021630501 
of the Czech Ministry of Education, Youth and Sport and 
IAA400310506 of Grant Agency of the Academy of Sciences 
of the Czech Republic.
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Fig. 2.	 1D	protein	profiles	–	stressed	R. glutinis;	lane	1	–	stan-
dard	6,	2	–	proteome	isolated	by	NaOH,	3	–	proteome	isolated	
by	SDS,	 4	 –	proteome	2%	NaCl,	NaOH,	 5	 –	 2	%	NaCl,	 SDS,	
6–7	–	5	%	NaCl,	8–9	–	2	mM	hydrogen	peroxide,	10–11	–	5	mM	
peroxide;	12,	13	–	standards	4,	5

	 a	 b
Fig. 3.	 Protein	profiles	of	Rhodotorula glutinis	a)	control	b)	per-
oxide	stress

	 a	 b
Fig. 4.	 Protein	 profiles	 of	 Rhodotorula rubra	 a)	 control		
b)	peroxide	stress
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Introduction
β-D-glucan is major polysaccharide constituent of cell 

walls in the Poales, an order that includes cereals as well as 
other grass species. It is a linear and partially water-soluble 
polysaccharide that consists only of glucose linked through 
both β-(1→3)- and β-(1→4)-glykosidic linkages in various 
ratios. β-D-glucan plays an important role in cell wall archi-
tecture and plant development1. it has a positive impact on 
human health in terms of lowering cholesterol and blood glu-
cose levels2, increasing immunity against infection and posi-
tive influencing of bowel function3.

Heritability estimates for β-D-glucan content have ran-
ged from 0.27 to 0.58(ref.4). β-D-glucan content is affected 
by environmental factors. Genotype and the environment are 
significant sources of variation for its content; the ranking of 
genotypes is generally consistent over the environments5.

Experimental
mature grains of 99 oat genotypes were milled and 

passed through 0.5 mm sieve. The level of β-D-glucan was 
determined using mixed-linkage Beta-glucan assay proce-
dure, megazyme (Ireland)6. Samples were suspended and 
dissolved in a 0.02m sodium phosphate buffer (pH 6.5), 
incubated with purified lichenase enzyme, and an aliquot of 
filtrate was reacted with purified β-glucosidase enzyme. The 
glucose product was assayed using an oxidase/peroxidase 
reagent. The measurement of the amount of β-D-glucan was 
performed in three parallel assays and expressed on a dry 
weight basis.
Results	and	Discussion

The β-D-glucan content ranged from 1.73 to 5.70 %, 
with 3.44 % as a mean value. The result is consistent with 
the determined values of β-D-glucan content in the set of 
European oat genotypes (3.90 %, 3.64 %, respectively)7,8. 
our results show, likewise the literature8, that naked geno-
types dispose of higher levels of this metabolite (4.38 % 
on average) in comparison with the hulled oat, where the 
mean content was 3.26 % (Table I). The majority (90 %) of 
naked genotypes contain higher level of β-D-glucan than is 
the average in analysed oat set. The increased value of β-
D-glucan is connected with the presence of gene nud for a 
hulless type of grain9. Naked oats are the feed that provide 
the largest welfare benefits10 and their demand as a food 
crop is on a world-wide scale increasing11. genotypes terra, 

avenuda, Sv-5, arnold, Neon, Izak, Salomon, Saul, Bandi-
coot, and ábel with the highest level (> 4.00 %) observed can 
be therefore used as a convenient material in breeding and 
food industry.

In our work a relation between the oat glume colour (yel-
low, white, black) and the content of β-D-glucan was found. 
our results indicate that the black genotypes show the lowest 
standard deviations in the content of evaluated metabolite. 
The degree variance of β-D-glucan level expressed as a coe-
fficient of variation displayed the highest value in white hul-
led oat, next in yellow, and the lowest values were calculated 
for the genotypes with black glume colour (Table I). Because 
higher value of variation coefficient directly correlates with 
lower variance of metabolite biosynthesis within a set, we 
could state, that black hulled oat with low variation coeff-
icient are characterized by markedly stable biosynthesis of 
β-D-glucan in the comparison with yellow and white types. 
Similarly, biosynthesis of other biochemical parameters (pro-
teins, fatty acids, and lipids) also shows to by more stabile in 
black hulled oat12.

analysis of variance suggested that oat morphological 
and biochemical parameters depend on the environment and 
the genotype variously13,14. Test weight, groat percentage and 
weight, protein, and β-D-glucan content were about equally 
influenced by the environment and genotype13, whereas oat 
lipids, total starch, and amylose content were more strongly 
influenced by genotype.

The content of monitored parameter according to the 
year of genotype registration is documented on the Fig. 1. 
The mean value of β-D-glucan in oats with the breeding date 
before the year 1960 was 2.53 %, moreover a stabilisation 
was observed during the period of years 1961–2000. at the 
beginning of the 21st century a gradually raising of β-D-
glucan content in oat seeds was detected.

Conclusions
Naked genotypes dispose of higher β-D-glucan content 

in comparison with the hulled. Genotypes Terra, avenuda, 
Sv-5, arnold, Neon, Izak, Salomon, Saul, Bandicoot, and 
ábel with the highest level of monitored health beneficial 
polysaccharide can be used in breeding programs and seed 
processing in food industry as its donors. Genotypes with 
black colour of the glumes account significantly lower stan-

Table I
mean values of the β-D-glucan content in naked and hulled 
oat and in individual groups according to the glume colour

 Group of mean value Standard variation
 oat [%] deviation coefficient
 Naked 4.38*** 0.96 22.03
 Hulled 3.26 0.60 18.34
 Yellow 3.28 0.62 18.97
 White 3.46 0.71 20.55
 Black 3.31 0.46 13.89***

*** significant at P ≤ 0.001
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dard deviation and variation coefficients in the content of 
β-D-glucan, what indicates markedly stable biosynthetic 
mechanism of the studied metabolite.

The work was supported by National Project of Research 
and Development No. 2003 SP 27/028 0E 02/028 0E 02 from 
Ministry of Agriculture and grant VEGA No. 1/0747/08 from 
the Grant Agency of Ministry of Education, Slovak Republic. 
The authors are grateful to Peter Hozlár for providing the 
plant material.
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 Figure 1: Mean content of β-D-glucan (%) according to the breeding date.  
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ding	date



Chem. Listy, 102, s265–s1311 (2008) Food Chemistry & Biotechnology

s651

P37	 ExTRACTION	AND	DETERMINATION	OF	
FLAvONOIDS	IN	PLANT	MATERIALS

BarBora hohnováa,b, paveL KaráSEKb and 
miLena vESPaLCováa

aFaculty of Chemistry, Brno University of Technology, Pur-
kyňova 118, Brno 612 00, 
bInstitute of Analytical Chemistry of the ASCR, v.v.i.,Veveří 97, 
Brno 602 00,
hohnova@fch.vutbr.cz

Introduction
Flavonoids are one of the largest groups of secondary 

metabolites and they are responsible for coloration of plants. 
They are found in fruits, vegetables, beverages like tea, 
wine, beer, and large amount of flavonoids was also found in 
several medicinal plants. Flavonoids play important role in 
human diet because of their antioxidant properties, estrogenic 
action and wide range of antimicrobial and pharmaceutical 
activities1.

Extraction of flavonoids from the samples is usually per-
formed by maceration with aqueous methanol2, solid-phase 
extraction3, sonication4, and supercritical fluid extraction 
(SFE)5. High-performance liquid chromatography (HPLC)6, 
capillary electrophoresis (Ce)7, capillary electrochromato-
graphy (CeC)8 or gas chromatography (gC)9 are commonly 
used for their determination and quantification.

Since rapid and efficient extraction technique prior to 
chromatographic analysis is nowadays of primary interest, the 
liquid extraction at high temeperature and pressure – Pressuri-
zed fluid extraction (PFE), was introduced. PFE offers several 
advantages over conventional extraction procedures. The use 
of higher temperature increases the diffusion rate, solubility 
and mass transfer of the compounds and decreases the vis-
cosity and surfance tension of the extraction solvent. These 
changes improve the contact of analytes with the solvent and 
enhance extraction, which can be achieved more rapidly with 
less solvent consumption as compared with conventional 
extraction methods. The elevated pressure not only maintains 
the extraction solvents in liquid state, but also improves the 
contact of solvent with analytes trapped in matrix pores. The 
absence of light and air significantly reduces degradation and 
oxidation of compounds during extraction10.

In the last years, pressurized fluid extraction has been 
succesfully applied to the extraction of flavonoids from plant 
materials and foods. This application of PFE as powerful 
sample preparation step was recently reviewed by mendiola 
et al.11

recently, intense attention has been paid to Stevia rebau-
diana Bertoni (asteraceae) because of content of low-calo-
ric high intensity sweet diterpene glycosides (50–400 times 
sweeter than sucrose)12. Besides sweet glycosides also fla-
vonoids have been isolated from Stevia. rajbhandari et al. 
determined that Stevia contains apigenin, luteolin, quercetin, 
kaempferol and quercitrin. The flavonoids were extracted by 

classical maceration and their structures were determined by 
standard methods of uv, nmr, and ms spectroscopy13.

In this study, we focused on optimalization of liquid 
chromatograpfic conditions after extraction step for rapid 
and succesful determination and quantification of quercetin, 
luteolin, apigenin and kaempferol contained in Stevia leaves.

Experimental
C h e m i c a l s  a n d  S t a n d a r d  S o l u t i o n s

Stevia leaves were obtained from Ukraine. acetonitrile, 
methanol and formic acid, all HPLC-grade, were purchased 
from riedel-de Haën (Prague, Czech republic). Water was 
purified with a reverse osmosis system Ultra Clear Uv 
(Barsbüttel, Germany).

Flavonoid standards quercetin, kaempferol, luteolin and 
apigenin were obtained from Sigma-aldrich (Prague, Czech 
republic). Stock solution of all flavonoids (1 g dm–3 each) 
was prepared in methanol and stored in the fridge at 5 ˚C.

P F E  o f  S t e v i a  R e b a u d i a n a  L e a v e s
a static PFE of Stevia leaves was performed using a 

onePSE extractor (applied Separations, allentown, Pa, 
USa). a portion (1 g) of leaves was placed into 22 ml extrac-
tion cell that contained inert material (glass beads (570–
700 µm)) at the bottom of the cell. The PFE parameters were 
set as follows, temperature 60–120 ºC, pressure 15 mPa, 
extraction time 3 × 5 minutes, rinsing time 20 s, and nitrogen 
purge time 90 s after each cycle and 120 s after extraction 
run. after PFE run, the extract was cooled to 5 ºC and stored 
in the fridge until HPLC analysis.

C h r o m a t o g r a p h i c  C o n d i t i o n s
HPLC apparatus was eqCipped with LC 1150 pump 

(GBC Scientific Equipment Pty Ltd, Dandenong, australia), 
injection valve with 20-µl sample loop (Ecom, Praha, Czech 
republic), column oven LCo 101 (Ecom, Praha, Czech 
republic) and Linear UvIS-206 multiple Wavelength detec-
tor (Linear Instruments, Fremont, Ca). The wavelength was 
set at 360 nm. mobile phase was composed of acetonitrile 
(a) and water (B) adjusted at pH 2.3 by formic acid. Several 
reversed-phase columns were tested: 1) 4.6 mm i.d., 150 mm 
long Symmetry C18 5 µm stationary phase (Waters, USa); 
2) 3.0 mm i.d., 150 mm long Xbridge C18 3.5 µm stationary 
phase (Waters, USa); 3) 3.0 mm i.d., 150 mm long atlan-
tis T3 C18 3 µm stationary phase (Waters, USa); 4) 3.0 mm 
i.d., 150 mm long Xterra rP C18 3.5 µm stationary phase 
(Waters, USa); and 5) 4.6 mm i.d., 250 mm long Supelcosil 
LC-18 5 µm stationary phase (Supelco, USa). Gradient 
programme was employed at flow rate 0.5 ml min–1: 0 min 
10 % a; 20 min 70 %	a. When Xterra C18 column was used, 
the flow rate was set to 0.3 ml min–1 because of high back-
pressure. LC systems were connected to PC and controlled 
by Clarity software (Dataapex, Czech republic).
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Results
Since luteolin, quercetin, apigenin and kaempferol have 

very similar structures (Fig. 1.), the main point of view of 
this study was to find optimal analytical conditions for their 
efficient separation.

Several single columns with different column lengths 
and different sorbent parameters were tested. The gradient 
of water/acetonitrile mixture was used as mobile phase. The 
replacement of acetonitrile with methanol as mobile phase 
component was also investigated, but the separations didn’t 
show satisfactory results. after modification of mobile phase 
compositions by formic acid at pH  =  2.3, significant peak 
shape improvement of the observed compounds was noti-
ced. In all experiments, the flow rate of mobile phase was 
0.5 ml min–1, only when Xterra C18 column was tested, the 
flow rate was set to 0.3 ml min–1 because of the high column 
backpressure. The experiments were performed with flavo-
noid standard solution (c  =  30 µg ml–1). Injected amount of 
analyte was 20 µl.

The comparison of column efficiency for separation of 
the above compounds is shown in Fig. 2. First, two hybrid 
C18 columns with the same column parameters were compa-
red: (a) 3.0 mm i.d., XBridge 150 mm long column, 3.5 µm 
particle size, (b) 3.0 mm i.d., Xterra 150 mm long column, 
3.5 µm particle size. Both separations showed only three 
peak. In separation (a) very nice separation of apigenin and 
kaempferol was observed, while in separation (b) the separa-
tion of apigenin and kaempferol was slightly poor. However, 
the column performance of both columns was too poor to 
separate luteolin and quercetin, the peak coelution was obser-
ved. Nevertheless, neither the utilization of longer column, 
(c) 4.6 mm i.d., Supelcosil C-18 250 mm long column, 5 µm 
particle size, didn’t show the improvement of luteolin and 
quercetin separation and also the separation of kaempferol 
and apigenin wasn’t very acceptable. Further, (d) 3.0 mm 
i.d., atlantis T3 C18 150 mm long column, 3.0 µm particle 
size was tested. The column separated not only apigenin 
and kaempferol but also luteolin and quercetin. However, 
although the column proved to separate single flavonoids, the 
peak shapes didn’t match our ideas. The efficient separation 
of observed compounds was achieved by (e) 4.6 mm i.d., 
Symmetry C18 150 mm long column 5 µm stationary phase. 
The kaempferol and apigenin were separated to baseline and 
separation of luteolin and quercetin was sufficient for suc-
cesful determination and quantification of both compounds 
present in the sample.

Conclusion
the data presented in this report indicate that there 

are wide variations in the effectiveness of different rever-
sed-phase HPLC columns when used to analyse flavonoids. 
High efficiency separation was obtained with Symmetry C18 
column. Gradient elution with acetonitrile in water adjusted 
to pH 2.3 by formic acid facilitated the separation of luteolin, 
quercetin, kaempferol and apigenin. In the future, this proce-
dure will be used for quantitative analysis of Stevia flavono-

Fig. 1.	 Chemical	structures	of	analyzed	flavonoids

Fig. 2.	 HPLC	chromatogram	of	comparison	column	separation	
of	flavonoid	standards.	(1)	quercetin,	(2)	 luteolin,	(3)	apigenin,	
(4)	kaempferol.	(a)	xbridge	C18	column	(3.0	×	150	mm	length),	
(b)	 xterra	 C18	 column	 (3.0	×	150	mm	 length),	 (c)	 Supelcosil	
C18	column	(4.6	×	250	mm	length),	(d)	Atlantis	T3	C18	column	
(3.0	×	150	mm	length),	(e)	Symmetry	C18	column	(4.6	×	150	mm	
length).	 For	 chromatographic	 conditions	 see	 the	 experimental	
part
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ids after PFE and appropriate pre-cleaning step of the extracts 
prior to hpLC analysis.
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Introduction
recently we have faced the problem of increasing 

amount of solid cellulose wastes that come mainly from ag-
riculture activities, food industry as well as from municipal 
waste1,2. 

Cellulose is considered to be a solid nontoxic pollutant; 
however, its recalcitrant nature causes many difficulties in 
removal of cellulosic waste. The microbial degradation is one 
of the possibilities how it could be solved. 

Colonization of solid material by microbial cells is 
the crucial step in their biodegradation. Biofilm formation 
by cellulolytic microorganisms is not investigated enough. 
Therefore, establishing more efficient arrangement for tech-
nological solubilization of solid cellulosic wastes could be 
achieved using cellulolytic biofilms, formed by direct coloni-
zation of these wastes by cell populations. In this association, 
cellophane was chosen as a representative of solid cellulosic 
substrates (carrier) and the yeast Trichosporon cutaneum as a 
relatively little researched cellulolytic strain.

Experimental
the yeast Trichosporon cutaneum CCY 30-4-5 was 

obtained from Department of Genetics and microbiology, 
Faculty of Science, Charles University, Czech republic. 

Inoculum was grown in complex medium and after 
2 days it was replaced in minimal medium supplemented 
with 1% cellulosic substrates as a sole source of carbon. Sig-
macell Type 101, carboxymethylcellulose – CmC, hydroxye-
thylcellulose – HEC, cellophane and filter paper was used 
as the representatives of these substrates. minimal medium 
composition in g dm–3: KH2po4 – 1.7; Na2hpo4

. 7h2o 
– 0.75; (NH4)2So4 – 5.0; mgSo4

. 7h2o – 0.02; CaCl2 – 0.02; 
FeSo4

. 7h2o – 0.001; mnSo4
.h2o – 0.001, ph 5.8. the 

temperature was maintained at 28 °C. Cultures were har-
vested during the exponential phase; at 48–72 hr. Separated 
and rinsed cells were used for experiments.

F C  8 1  F l o w  C e l l  D e s c r i p t i o n
The FC 81 Flow Cell in Fig. 1. is a flat plate flow cell 

designed for use with transmitted light microscopes and it 
was used for observation of biofilm formation by yeast Tri-
chosporon cutaneum. The capability of the yeast cells to 
colonize cellophane as well as the effect of shear stress was 
investigated.

Experiment conditions: 
Cell suspension – oD400 nm 0.1 
Temperature – 22 °C
Flow rate – 2-20 ml min–1

time period – 2 hr.

Experiments were carried out as shown by Fig. 2.;  
Fig. 3. illustrates an emplacement of cellophane stripe in the 
flow cell.

H y d r o p h o b i t y  o f  Y e a s t  C e l l s
The yeast populations were prepared in cultivation 

medium supplemented with different types of cellulosic sub-
strates. Hydrophobity of yeast cell surface was determined 
using math method3.

m i c r o s c o p y  a n d  i m a g e  a n a l y s i s
The colonization of cellophane was observed with 

transmitted light microscopy and analysis of the images was 
accomplished with Lucia (Laboratory Imaging, Ltd., UK). 
The areal parameters of objects (colonies, cells) such as 
length, width and colonized area were measured with image 
analysis4. The observation area of the flow cell was divided 
into three fields (inflow, middle, and outflow). Ten images 
were taken in every field. 

microscope – NIKoN Eclipse E400, Plan Fluor obje-
ctive, 10 ×/0.30, Ph1 DLL, ∞/0.17 WD 16.0 (Japan)
Filter – 45 mm, NCB11
Camera and software – Canon PowerShot a620, Zoom-
Browser EX 5.5

•
•
•
•

•

•
•

Fig. 1.	 Photograph	of	the	FC	81	Flow	Cell	(Biosurface	Techno-
logies,	Corp.,	USA)
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Results
C h a r a c t e r  o f  C e l l  E n v e l o p e s  o f 
T r i c h o s p o r o n  C u t a n e u m

The results obtained by maTH method are summarized 
in Table I. The cell envelopes of the population Trichosporon 
cutaneum grown in the presence of filter paper had the most 

hydrophobic character (83.8 %), whereas the population cul-
tivated on Sigmacell had very hydrophilic cell surfaces. The 
hydrophobity of cellophane stripes (95.6 %) was determined 
at Department of Polymers, ICT Prague. We wanted to cho-
ose cells with similar surface characters as the cellophane 
stripes. Filter paper could not be used for biomass prepara-
tion because of low biomass concentration. For this reason 
HEC was used for following experiments.

I n f l u e n c e  o f  S h e a r  S t r e s s  o n 
C e l l o p h a n e  C o l o n i z a t i o n

Low flow rates of medium are less favourable for 
the cellophane colonization (Table II). also small areas  

1

3

4

2

1 - aeration
2 - Stock bottle with mineral medium
3 - Pump
4 - Flow cell FC 81

1 – aeration
2 – Stock bottle with mineral medium
3 – pump
4 – Flow Cell FC 81

Fig. 2.	 Scheme	of	 the	FC	81	Flow	Cell	connection	during	the	
experiment

1

2 3

4
5

1 - Cover glass
2 - Slide
3 - Cellophane
4 - Space for medium flow
5 - Parts of the flow cell

5

5

5

1 – Cover glass
2 – Slide  4 – Space for medium flow
3 – Cellophane 5 – Parts of the flow cell

Fig. 3.	 Cross-section	of	the	FC	81	Flow	Cell

Table II
Influence of shear stress on the cellophane colonization and object morphology changes

Flow rate [ml min–1]  Colonized area [%] objects in field area [μm2] Lenght [μm] Width [μm] Elongation*
 2 4.86 12 180.98 27.92 5.94 1.76
 4 4.42 12 176.64 24.00 6.33 1.81
 6 16.07 27 194.27 29.56 5.40 1.76
 8 8.49 40 80.42 15.02 5.01 1.69
 10 4.25 21 97.32 15.69 5.50 1.74
 15 2.38 15 86.32 15.79 5.25 1.97
 20 6.08 24 117.22 20.90 5.65 2.18

Table I
Hydrophobity of cell envelopes in dependence on using diff-
erent types of cellulosic substrates as sole of carbon

 Cellulosic substrate Cell hydrofobity [%]
 filter paper 83.8
 cellophane 51.8
 carboxymethylcellulose 76.4
 hydroxyethylcellulose 79.3
 Sigmacell Type 101 9.6

Fig. 4.	 Cells	of	trichosporon cutaneum	attached	on	cellophane	
(phase	contrast)
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(on an average 4 %) were colonized as long as the rates are hi-
gher than 8 ml min–1 (probably the influence of shear stress).  
8–16 % area was colonized using the flow rates between 6 
and 8 ml min–1. The increase of shear stress had not signi-
ficant influence on morphological parameters of objects 
– width and elongation with exception of length and area of 
objects.
Conclusions

The capacity of Trichosporon cutaneum cells to colo-
nize cellophane (used as a carrier and the source of carbon) 
was proved (Fig. 4.). FC 81 Flow Cell appears to be suitable 
apparatus for microscopy study of biofilm formation. Image 
analysis is favourable tool for monitoring and evaluation of 
biofilm formation.

The flow rate 10 ml min–1 was appropriate for study of 
biofilm formation. However, for the purpose of cellophane 
degradation more colonized areas are required (6 ml min–1). 

The effect of shear stress is one of required information 
needed for optimalization of these processes. Nutrient star-
vation, cell suspension density, medium composition etc. are 
factors that could probably affect biofilm formation.

This work has been supported by project Eureka E ! 
3654 Biopols.
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Introduction
ribulose-1,5-bisphosphate carboxylase/oxygenase, 

rubisco (EC 4.1.1.39) is the most abundant protein on the 
Earth. This enzyme catalyses carboxylation of D-ribulose-
1,5-bisphosphate (ruBP), the first step of the Calvin cycle 
in competition with oxygenation of ruBP that leads to the 
photorespiratory pathway. rubisco is a key enzyme of pho-
tosynthesis regulation1. It must be reversibly activated with 
Co2 and mg2+ before catalysis can occur. The activation in 
vivo must be facilitated by the presence of a second protein, 
rubisco activase2.

rubisco activity depends on the amount of enzyme and 
the activation state of its active sites and changes within 
several minutes depending on temperature, ruBp supply, 
irradiance, Co2 concentration, inorganic phosphate content, 
and presence of inhibitors in the active site3. rubisco content 
varies over the time scale of hours and days in dependence on 
specific saccharide contents (e.g. glucose, sucrose). Increased 
contents of these sugars lead, via a hexokinase-related signal, 
to the repression of rubisco gene expression and subsequent 
decrease in the content of rubisco protein4,5. Decrease 
in rubisco amount may be also the result of non-selective 
decrease in leaf nitrogen content6,7. many authors8–10 pre-
sent that rubisco content reaches a maximum soon after full 
expansion of the leaf. Then rubisco is gradually degraded 
and its nitrogen is translocated into growing organs during 
senescence. 

Short-term exposure of higher plants to elevated Co2 
concentrations usually increases photosynthetic Co2 uptake. 
Long-term growth in elevated Co2 usually leads to decre-
ase of content and activity of rubisco. This biochemical 
adjustment, which is often termed acclimation or down-regu-
lation, reduces photosynthetic capacity11.

In this work we measured seasonal changes of rubisco 
initial and total activities in vitro as well as rubisco content 
in Norway spruce needles to answer following quesions:

Is there a decrease of rubisco activity and content in 
Norway spruce during the growing season?
Is there a down-regulation of rubisco activity and con-
tent in Norway spruce cultivated in elevated Co2 con-
centration?

•

•

Experimental
m a t e r i a l s

The experiment was conducted in 2007 at the experi-
mental site Bílý Kříž in Beskydy mts. Five-year old seed-
lings of Norway spruce (Picea abies [L.] Karst.) were grown 
under ambient (a  =  375 µmol (Co2) mol–1) and elevated 
(E  =  700 µmol (Co2) mol–1) Co2 concentrations using the 
glass domes with adjustable windows. Last year needles were 
sampled between 11 a.m. and 3 p.m. at the following dates: 
15th may, 23th July and 10th october. about 0.06 g of need-
les were weighed and the projected area of these needles was 
estimated according12. Needles were inserted into microtube 
Eppendorf and put into liquid nitrogen. 

m e t h o d s
Rubisco	 activity	 assay. Needles from one microtube 

were homogenized in a chilled mortar with 0.02 g inert sand 
and 5 ml extraction buffer composed of: 50 mm HEPES, 
5 mm na2EDTa, 5 mm dithiothreitol (DTT), and 1 % inso-
luble polyvinylpolypyrrolidone, all at pH 8.0. The homoge-
nate was centrifuged at 10,000 × g for 30 s and an aliquot of 
the supernatant was used immediately for spectrophotomet-
ric rubisco activity assay, based on the continuous measure-
ment of 3-phosphoglycerate-dependent NaDH oxidation in 
a coupled enzyme system13. The initial rubisco activity was 
determined by adding 20 μl of extract to 100 μl of activation 
solution which contained 25 mm KHCo3 and 20 mm mgCl2 
and 850 μl of assay solution composed of: 50 mm HEPES 
(ph 8.0), 25 mm KhCo3, 20 mm mgCl2, 5 mm na2eDta, 
5 mm Dtt, 3.5 mm atp, 0.35 mm naDh, 3.5 mm phos-
phocreatine, 80 nkat glyceraldehyde-3-phosphate dehyd-
rogenase, 80 nkat 3-phosphoglyceric phosphokinase, and 
80 nkat creatine phosphokinase. The reaction was started by 
the addition 30 μl of ribose-5-phosphate (r5P) at final con-
centration 0.4 mm and the changes in absorbance at 340 nm 
were immediately measured at 25 ºC using Helios γ (Spectro-
nic unicam, uK) spectrophotometer.

The total activity was measured after 15 min incubating 
20 μl of the extract with 100 μl of activation solution. 850 μl 
of assay solution were added, the reaction was again started 
by adding 30 μl of r5P at final concentration 0.4 mm and the 
changes in absorbance at 340 nm were measured.

Rubisco	 content	 determination. Needles from one 
microtube were homogenized in a chilled mortar with 0.02 g 
inert sand and 2 ml extraction buffer containing 62 mm Tris, 
2% (w/v) sodium dodecyl sulphate (SDS), 65 mm DTT, and 
10% (v/v) glycerol, all at pH 6.8. The homogenate was cen-
trifuged at 10,000 × g for 2 min, 0.5 ml of the supernatant 
were added to 0.5 ml sample buffer composed of 3% (w/v) 
Tris, 5% 2-mercaptoethanol, 10% (w/v) SDS, 20% (v/v) gly-
cerol, and 0.2% (w/v) bromophenol blue and the mixture was 
incubated 5 min at 100 ºC.

rubisco content was determined by SDS-PaGE with a 
mini-ProTEaN 3 system (Bio-rad). resolving gels con-
tained 10 % (w/v) acrylamide, 0.27 % (w/v) N,N´-methy-
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lene-bis-acrylamide, 0.37m Tris-HCl (pH 8.8) 0.1 % (w/v) 
SDS, 0.04 % (v/v) N,N,N’,N’-tetramethylethylene-diamine 
(TEmED), and 0.1 % (w/v) ammonium persulphate. Stac-
king gels contained 5 % (w/v) acrylamide, 0.13 % (w/v) 
N,N´-methylene-bis-acrylamide, 0.19m Tris, 0.02 % (v/v) 
TEmED, and 0.1 % (w/v) ammonium persulphate.

a 5 μl of sample solution were loaded on polyacryla-
mide gel. electrophoresis ran 60 min at the constant voltage 
140 v. The large subunit of rubisco was detected by staining 
with Coomassie brilliant blue and its identity was confirmed 
by co-electrophoresis of rubisco standard (Sigma-aldrich) 
(Fig.1). Quantification of individual bands was performed on 
HP Scanjet 5590P with programme advanced Image Data 
analyzer, ver. 3.23.001 (raytest, Germany).

Results

Both initial and total activities in E were lesser than 
those in a with the exception of autumn. It is in good accor-
dance with data of other authors14–16. maximum of activi-
ties we measured in may and then they gradually decreased. 
rubisco initial activity in a decreased about 57 % while in 
E dropped about 41 % during the growing season. Total acti-
vity decreased about 66 % in a and about 44 % in E. rubisco 
content dropped about 55 % in a and about 50 % in E. The 
sharp diminution of rubisco content in E in July could be 
caused by enormous drought in the first half of summer in 
combination with the phenomenon that elevated Co2 concen-
trations accelerate the senescence of leaves6,8,10. Both initial 
and total activities as well as content decreased less in E than 
in a (Fig. 2.). We hypothesised that down-regulation in E – if 
there was any – proceeded in the first year of needles life.

Conclusions
We confirmed a decrease both rubisco initial and total 

activities as well as rubisco content in Norway spruce during 
the growing season. according to our measurements, there is 
not down-regulation of rubisco activity and its content in last 
year needles in Norway spruce during the growing season.

The work forms a part of the research supported by 
grants No. 522/06/0930 (GA CR) and by the Research Inten-
tion of ISBE AS CR AV0Z60870520.

Fig. 1.	 A	 representative	 SDS-PAGE	 gel	 with	 separated	 pro-
teins	from	Norway	spruce	needles	(six	left	columns)	and	Rubisco	
standard	1	mg	ml–1	(the	first	column	from	the	right).	The	upper	
arrow	 indicates	 the	 large	 subunit	 of	 Rubisco	 protein	 and	 the	
lower	arrow	indicates	the	small	one

Fig. 2.	 Rubisco	 activity	 and	 content	 in	 Norway	 spruce,	 A	 –	
ambient	[CO2],	E	–	elevated	[CO2],	n		=		10
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Introduction
Food industry and restaurants produce each year about 

15 % of the total wastewater and 50 % of the organic pollu-
tion. Character and composition of wastewater depends on 
manufacturing technology and current raw material. Was-
tewater from food industry and restaurants contain lipids. 
These lipids are present in the wastewater. They are difficult 
to remove and degrade, because they are difficult to dissolve 
in the water1.

For facilitation of production unit and treatment waste-
water fats and oils, enzymatic preparations (EP), which are 
used, they are accelerated decomposition of organic material 
lipids matter. These EP mix of lipases, proteases, amylases 
and cellulases, some of them contain suitable combination 
of bacteria, and they contain detergents and surfactants, as 
well.

In this study was evaluated 5 EP for their ability to degra-
ded lipids in the wastewater. It was made isolation of lipid-
degrading bacteria and the proof of lipolytic bacteria. They 
investigated their lipolytic activities at agar plates by aerobic 
and anaerobic conditions. Further ability of lipid degradation 
and fatty acids utilization at submerged cultivation and che-
mical oxygen demand was followed.

Experimental
Enzymatic preparations are mixtures of enzymes and 

bacteriological cultures. These preparations were inoculated 
agar plates with tributyrin agar (tributyrin agar base). Plates 
were incubed for 7 days at 27 °C for aerobic and anaerobic 
conditions. The growth colonies were used for determination 
of the lipolytic activity.

Samples for determination of lipid degradation and uti-
lization fatty acids were taken from submerged cultivation 
The medium for submerged cultivation contained per liter 
distilled water 1.12 g K2hpo4; 0.48 g KH2po4; 5 g NaCl; 
0.1 g mgSo4

. 7h2o; 2 g (nh4)2So4 and 100 µl EDTa. 
medium was autoclaved at 121 °C for 20 min and then the 
medium was supplemented with 1 ml olive oil, as the natural 
substrate. In the end, the medium was inoculated by enzy-
matic preparations. medium were incubated under aerobic 
conditions at 27 °C and agitated at 160 rev min–1 for 14 days 
in Erlenmeyer flasks in a shaker. The % free fatty acids were 
determined as an indication of the olive oil degradation by 
the tested enzymatic preparations1.

S p i r i t  B l u e  a g a r  ( D e t e c t i o n  o f 
L i p o l y t i c  a c t i v i t y )

microoragnisms was grown on spirit blue agar plates, 
to which tributyrin and tween 80 were added as a lipase sub-
strate in ratio 1 : 1. Plates were incubated at 27 °C. Lipolytic 
activity was identified the plates as a transparent halo around 
the colonies after 7 days of incubation2.

E n z y m e  a s s a y
The activity was determined by using culture in 0, 65 

ml 0, 05 m phosphate buffer (pH 7.2) a 0.1 ml 0.025m pNP-
laurate in ethanol. The hydrolytic reaction was carried out 
at 37 °C for 30 min, after which 0.25 ml 0.1m Na2Co3 was 
added. The mixture was centrifuged and the activity deter-
mined at 420 nm. one unit of lipase activity is defined as 
the amount of enzyme which liberates 1 µg p-nitrophenol 
from p-NP-laurate, as a substrate in 30 min under assay con-
dition3,4.

D e t e r m i n a t i o n  L i p i d  D e g r a d a t i o n 
a n d  f a t t y  a c i d s  U t i l i z a t i o n

From each Erlenmeyer flasks 20 ml culture medium 
was aseptically drawn and transferred to a separating funnel, 
where it was mixed with 20 ml of hexane. The mixture was 
agitated for 2 min and the upper layer was put to the clean 
and weight beaker. The lower layer was re-extracted by a 
fresh 20 ml of hexane and the upper layer after the extraction 
was collected to the beaker again. The extract in the beaker 
was evaporated by heating at 100 °C. Then the dry extracted 
lipids were weight and dissolved in 50 ml of alcohol in the 
presence of phenolphethalene indicator. The solution was tit-
rated with 0.1m KoH until the developing of pink color. The 
same procedure was repeated within 2, 6, 8, 10 and 14 days. 
The free fatty acids % in the sample was indicated lipid 
degradation and fatty acids utilization, which was calculated 
according to this equation:

Koh Koh. . . 100
%free fatty acids

1000.
V c M

m
= , (1)

where VKoh is the volume of 0.1m KoH at the end 
point, cKoh actual concentration of the 0.1m KoH, M is the 
molecular weight of the oleic acid and m is the weight of the 
dry extract1.

C h e m i c a l  o x y g e n  D e m a n d  ( C o D )
Chemical oxygen demand (CoD) is a measure of the 

capacity of the water to consume oxygen during the decom-
position of organic matter and the oxidation of inorganic 
chemicals such as ammonia and nitrite. CoD measurements 
are commonly made with samples of wastewater or natural 
water, contaminated by domestic or industrial waste.

CoD was determined by the standard potassium dichro-
mate method, descriebed in the methods for the Examination 
of Waters and associated materials (2007).
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at 80 ml of water, 2 ml of the oil and 50 µl enzyma-
tic preparations was added in to the separatory funnel. one 
of the separatory funnel was used as a control. The volume 
of the separatory funnel was mixed and within 20 min the 
sample of the water phase was taken to determine chemical 
oxygen demand (CoD).

Results
S p i r i t  B l u e  a g a r  ( D e t e c t i o n  o f 
L i p o l y t i c  a c t i v i t y )

The lipolytic microorganisms metabolized the lipid in 
the medium and form colonies with halos indicating lipoly-
sis. It was found out, that in all tested microorganism prepa-
rations were presented and formed colonies with halos indi-
cated lipolysis.

L i p o l y t i c  a c t i v i t y
Cultivation	 on	 agar	 plates. The highest value of the 

lipolytic activity was determined at EP 1, the lowest lipolytic 
activity was determined at EP 3.

The highest calculated value was found in supernatant 
of EP 1 by anaerobic conditions, value of the activity was  
a  =  9. 16 × 10–3 mmol min–1, the lowest value was in sediment 
of EP 3 by aerobic conditions, (a  =  1 × 10–4 mmol min–1). 
Lipolytic activity was detected at all five enzymatic prepa-
rations.

Submers	cultivation. The highest activity was measu-
red on the 10th day of the cultivation. The decrease of activity 
was registered on the 10th day. the highest activity had the 
enzymatic preparation 5 and the lowest had the enzymatic 
preparation 3.

3 . 3  L i p i d  D e g r a d a t i o n  a n d  F a t t y 
a c i d s  U t i l i z a t i o n

results of the determination demonstrate at Table III 
and at Fig. 3.

Fig. 1.	 Bacterial	colonies	with	halos	indicating	lipolysis

Table I
Lipolytic activity in 5 of enzymatic preparations (expression 
a × 10–3 mmol min–1)

 ep aerobe anaerobe
  supernatant sediment supernatant sediment
 1 7.11 1.96 8.79 2.95
 2 6.59 1.40 8.51 2.86
 3 5.04 0.10 7.25 1.77
 4 5.44 1.19 7.42 2.48
 5 8.52 2.32 9.16 3.28

Fig. 2.	 Comparsion	values	of	the	lipolytic	activity	for	the	indi-
vidual	enzymatic	preparations

Table II
relativic activity arel [%] in enzymatic preparations during 
submers cultivation

 ep 1 2 3 4 5 [days]
 2 62.97 53.09 46.06 50.32 73.56
 6 83.26 74.35 66.98 68.69 85.46
 8 84.73 78.74 75.54 77.82 94.15
 10 100.00 100.00 100.00 100.00 100.00
 14 75.52 68.73 62.23 63.50 90.00

Table III
% free fatty acids of EP during submers cultivation

 EP1 EP2 EP3 EP4 EP5 days
 9.69 10.07 14.87 3.68 3.72 2
 13.04 37.74 19.02 4.75 25.43 6
 48.91 48.42 33.28 7.13 39.02 8
 66.57 56.5 40.75 37.66 48.04 10
 20.1 22.83 26.49 20.38 26.15 14
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D e t e r m i n a t i o n  o f  C o D
results of determination of CoD show Table Iv, the 

best values were reached at the EP 1 and EP 5.

Conclusions
There were tested 5 commercial preparations with aim to 

find out, if they have lipolytic activity and if they have ability to 
degrade fats. Samples were cultivated at the agar plates and sub-
merged cultivation in Erlenmeyer flasks. The comparison results 
of lipolytic activities of both cultivations were followed. The 
submerged cultivation, after 2 days of EP demonstrated appro-
ximately the same value of activities as cultivation on agar 
plates after 7 days. 

all tested EP had ability to degraded olive oil and rele-
ased fatty acids. The best degrading ability had EP 1, the 
lowest ability EP 4. 

It was made a laboratory verification of function 5 EP 
for liquefaction and decomposition of fats and oils in the 
wastewater. on the basis obtained by dates, it might be cho-
osen the best EP for suggestion technology. Biotechnology 
effects were made out for EP 1 and 5, the lowest efficiency 
was made out by EP 4.

This work has been supported by Ministry of Education, 
Youth and Sports under project MSM 021630501.
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Fig. 3.	 Comparsion	individual	EP	during	14	day’s	submerged	
of	cultivation

Table Iv
Chemical oxygen demand

 EP 1 2 3 4 5 control
       sample
 c 61 89 143 94 64 31
 [mg o2 dm–3]
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Introduction
Besides naturally growing plants, sea buckthorn (Hip-

pophae rhamnoides) hybrids of different subspecies are culti-
vated in order to prevent desertification, since it forms strong 
root and it is resistant to extreme temperature, drought and 
poor soil. There is a long tradition in asia for using sea buc-
kthorn berries in folk medicine. It was demonstrated that the 
oils extracted from pulp and seeds have regenerating, anti-
inflammatory, anti-ulcerogenic, hepatoprotective, cytopro-
tective properties.1–4 Sea buckthorn berries are exceptionally 
rich in both lipophilic and hydrophilic bioactive compounds 
and represent an important resource for pharmacy and food 
industry. The pulp oil has a special composition with a very 
high content of unusual palmitoleic acid, up to 54 % of total 
fatty acids, while the seeds oil is rich in linoleic and α-lino-
lenic acids. other important compounds of sea buckthorn oil 
are sterols, tocopherols and tocotrienols and their content 
depend on the berries origin, growth condition and oil pro-
cessing method.

The aim of this study was to develop a sensitive analy-
tical method for determination of fatty acids, vitamin F and 
E and sterols in sea buckthorn oil, by gas chromatography/ 
mass spectrometry (GC/mS). The method was applied for 
testing the lipophilic compounds after the treatment at diff-
erent kGy doses with accelerated electrons.

Experimental
m a t e r i a l s  a n d  m e t h o d s

Standards of fatty acids methyl esters and acetyl chlo-
ride were from Fluka (Buchs, Switzerland), α-tocopherol 
standard was from Sigma-aldrich (munich, Germany). all 
other chemicals were from Comchim (Bucharest). The oil 
and plant samples were from Hofigal (Bucuresti).

G C - m S  a n d  H P L C
a Trace DSQ ThermoFinnigan quadrupol mass spectro-

meter coupled with a Trace GC was used. The methyl esthers 
of the fatty acids were separated on a rtx-5mS capillary 
column, 30 m × 0.25 mm, 0.25 µm film thickness, using 
a temperature program from 50 °C (1 min) to 310 °C, at 
8 °C min–1; then kept 8 minutes at 310 °C. the conditions 
used for GC-mS were: transfer line temperature 250 °C, 
injector temperature 200 °C; ion source temperature 250 °C; 
Splitter: 10 : 1. Electron energy was 70 ev and emission cur-
rent, 100 µa.

E x t r a c t i o n  a n d  D e r i v a t i z a t i o n
Fatty acid methyl esters (FamE) were obtained by este-

rification reaction of known quantities of oil with 100 µl 3m 
HCl methanol at 100 °C for 60 min followed by evaporation 
to dryness under n2 stream 0.1 mg of the internal standard 
C11 : 1 was added at 20 µl oil. Then the sample was solved 
in 100 µl DCm or ethyl acetate, and 3 µl were injected into 
GC-mS. vitamin E and sterols were also determined in the 
different samples.

H P L C  a n a l y s i s  o f  α - t o c o p h e r o l
The sea buckthorn oil samples were injected into HPLC 

for vitamin E determination. The sea buckthorn oil was sapo-
nified with 60% KoH in ethanol, in the presence of etha-
nol and pyrogallol, at 75 °C for 45 min. The sample mixture 

Fig. 1.	 FAME,	 vitamin	 E	 and	 sterols	 separation	 in	 sea	 buc-
kthorn	oil

Table I
The compounds identified in sea buckthorn oil

 Compounds rT [min] area [%]
 methyl myristate (C14 : 0) 19.85 0.79
 methyl palmitoleate(C16 : 1) 22.36 30.68
 methyl palmitate(C16 : 0) 22.63 24.53
 methyl oleate +linoleat 24.73 37.18
 (C18 : 1 + C18 : 2)
 methyl stearate (C18 : 0) 24.89 0.63
 C20 : 1 26.83 0.55
 methyl arachinate (C20 : 0) 27.01 0.3
 C22 : 1 28.93 0.86
 behenic acid methyl ester (C22 : 0) 29.03 0.22
 C24 : 1 30.57 0.41
 methyl lignocerate (C24 : 0) 30.89 0.14
 C26 : 0 32.31 0.26
 vitamin E 34.47 0.6
 sitosterol 36.36 2.13
 lupeol 37.41 0.42
 urs-12-en-28-ol 40.8 0.31
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was extracted with hexane: ethyl acetate (9 : 1). The organic 
layer was washed with 5% sodium chloride solution and then 
evaporated to dry and dissolved in methanol. hpLC sys-
tem contained LC20 aT Shimadzu pumps and a Waters 990 
PDa detector. a Supelco Discovery C18 (25 cm × 4.6 mm, 
5 μm particle diameters) HPLC column was used. The 
mobile phase consisted in methanol: water (98 : 2) and the 
chromatogram was monitored at 292 nm. Tocopherol iden-
tification was based on the retention time of α-tocopherol 
standard (Sigma) and Uv-vIS spectra. Quantitative ana-
lysis was done using a calibration curve with α-tocopherol  
(0.01–0.2 mg ml–1), r  =  0.989.

Results
The results obtained for the sea buckthorn oil by GC-mS 

are presented in Table I. The results obtained for sea buc-
kthorn vitamin E at different doses are shown in Table II.

vitamin E decreased two times at 1.05 kGy treatment 
(Table II). In sea buckthorn oil, at the highest dose applied, 
the ratio between unsaturated and saturated fatty acids has 
decreased at half value of control (Fig. 2.). also the sterols 
and vitamin E values have decreased with irradiation more 
than two times, as presented in Fig. 4. Similar results have 
been obtained in juice of the fruits. In sea buckthorn leaves 
the changes are not significant (Fig. 3. and Fig. 5.).

Conclusions
The GC-mS and HPLC methods developed showed sig-

nificant changes of antioxidants as vitamins E, F and sterols 
with doses after the treatment of sea buckthorn oil, juice but 
not in leaves at different kGy doses with accelerated electrons. 
The treatment for decontamination needs to be optimized to 
avoid loses of its important nutrients.

This work has been supported by the Romanian Research 
Foundation (CEEX, project number 761/2006).
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Table II
vitamin E determination in sea buckthorn oil by HPLC at 
different doses [kGy]

 Dose [kGy] α-tocopherol [mg 100 ml oil–1]
 0 57.75
 0.03 50.52
 0.07 29.1
 0.38 26.8
 0.72 25.9
 1.05 25.8

Fig. 2.	 The	ratio	between	unsaturated	and	saturated	fatty	acids	
evolution	with	doses	[kGy]	in	sea	buckthorn	oil

Fig. 3.	 The	ratio	between	unsaturated	and	saturated	fatty	acids	
evolution	with	doses	[kGy]	in	sea	buckthorn	leaves

Fig. 4.	 vitamin	 E	 and	 sitosterol	 [%	weight]	 versus	 applied	
doses	(GC-MS	determination)

Fig. 5.	 E	vitamin	and	sterols	[area	%]	with	doses	[kGy]	in	sea	
buckthorn	leaves
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Introduction
a simple and rapid GC-mS method for the detection of 

adulteration of natural fruit juices is presented. The method 
consists of the analysis of sterol patterns and it is a useful 
rapid approach for the fruit juices control by GC-mS1.

a GC-mS analytical method is described for some 
natural juices analysis. The fingerprint of sterols was used to 
characterize the natural juice.

Experimental
a rapid liquid-liquid extraction method was used. The 

fruit juices were extracted by using petrol ether as a solvent. 
The fruit juice extracts were separated on a capillary column, 
and identified with a mass spectrometer.

a p p a r a t u s
The sterols were separated on a rtx-5mS capillary 

column, 15 m × 0.25 mm, 0.25 µm film thickness, in a tem-
perature program from 50 °C for 1 min, then ramped at 
15 °C min–1 to 300 °C and held for 15 min. Identification of 
sterols and their patterns were used for juice characteriza-
tion.

a Trace DSQ ThermoFinnigan quadrupol mass spectro-
meter in the EI mode coupled with a Trace GC was used. 
The following conditions were used: ion source temperature 
250 °C, injector temperature 200 °C, transfer line tempera-
ture 250 °C, splitter 10 : 1, electron energy 70 ev and emis-
sion current 100 µa.

E x t r a c t i o n  P r o c e d u r e
Ethanol, fruit juice and petrol ether 2 : 2.5 : 0.4, v/v/v, 

were mixed in a cap vial for 2 minutes. Then the mixture was 
centrifugated 2 minutes. 1μl was injected twice into the GC. 
Ethanol was used for pectine and emultion agents precipita-
tion.

Results
Different compounds such as volatile aroma compounds, 

fatty acids and sterols have been identified into the croma-
tograms of the extracts of orange (Fig. 1.), grapefruit and 
pineapple juices. a NIST library was used for compounds 
identification from the mass spectra obtained after gas chro-
matographic separation. The sterols identified from the fruits 
juices were the following: cholesterol, campesterol, ergosta-
nol, stigmasterol, beta-sitosterol, the main sterol, isofusterol 
and citrostadienol. Limonen was the main volatile compound 
extracted from citrus fruits.

Fig. 2. presents the separation of sterols from the fruit 
juice extract (orange). The fingerprint chromatograms of 
different fruits differ in the concentration of this sterols, but 
there are also few variation of the sterols identified in orange, 
grapefruit and pineapple juices In pineapple was identi-
fied stigmastenone at the retention time of citrostadienol 
(alpha 1 sitosterol).

Table I presents the compounds identified into the chro-
matogram of the orange juice extract. 

Table II presents the important ions of the compounds 
identified in juices. The ratio of different peaks area from  

Fig. 1.	 Compounds	separation	from	orange	extract

Fig. 2.	 Separation	of	sterols	from	orange	extract

Table I
Sterols identified in orange juice extract

 Tr [min] Compound m m/z
 11.3 valencene 204 161
 14.6 Nooklactone 218 147
 25.3 Campesterol 400 400
 25.4 Ergostanol 402 233
 25.5 beta-stigmasterol 412 412
 25.9 beta-sitosterol 414 414
 25.97 isofucosterol 412 314
 26.8 citrostadienol 426 285



Chem. Listy, 102, s265–s1311 (2008) Food Chemistry & Biotechnology

s666

 

the mass spectrum can be used for a better evaluation of the 
differences among juices, the base peak but also some other 
important ions could be used for authenticity evaluation of 
the natural juice, as adulteration of grapefruit more expensive 
juice with orange juice.

The sterol profile is a useful approach for confirming the 
presence of juices of orange, grapefruit, pineapple and passion 
fruit in compounded beverages and for detecting of adulteration 
of fruit juices.

Conclusions
The developed method is very useful for fruit juices 

authentification. The method can be used in the control of 
adulteration of juices in the food industry. Sensitivity of the 
method could be 100 times improved in the SIm mode.

This work has been supported by Romanian Scientific 
Research Agency (GRANT, project number 1311).

rEFErENCES
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 2. ronards K., antolovich m.: analyst 120, 1 (1995).

Table II
relative intensity of the important ions of the sterols identi-
fied in orange juice extract

 Compound Base peak, Important ions
  m/z m/z, rel. intensity [%]
 valencene 161 91, 93 (65); 105, 107 (60),
   133, 204 (50); 147, 189 (37)
 Nooklactone 147 79, 121 (84); 91, 133 (65),
   105, 175, 203(56)
 Campesterol 400 315, 382, 367, 289 (50),
   145, 213, 255 (30)
 ergostanol 233 424(99), 203,
   205 (20), 397 (30)
 beta-stigmasterol 412 255, 271, 300 (50), 351 (33)
 beta-sitosterol 414 329, 396 (50), 303, 381 (40)
 isofucosterol 314 281 (34), 229 (26), 315(25)
 citrostadienol 285 328, 286, 267 (35)

Fig. 3.	 Comparison	of	sterol	profiles	from	pineapple,	orange	and	grapefruit	extracts	in	a	faster	temperature	program
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Introduction
many studies are made for the optimization of the expe-

rimental design approach for obtaining the best recoveries, 
low solvent consumption and reduced extraction times. In the 
last years the number of procedures using extraction of orga-
nic compounds from different matrices has increased1,2.

The aim of the present work is to present a comparison 
between some extraction methods, for qualitative charac-
terization of flavors extracted from herb plants of different 
sources.

Experimental	
a liquid-liquid extraction method (LLE), compared with 

two different solid-phase extraction methods (SPE- on 300 mg 
rP-18, C-18 silica bonded and 300 mg TCS), a microwave 
one (mWE) and an ultrasonic extraction one (USE) were 
compared using an aroma compounds standard mixture. The 
analytical method chosen were gas chromatography and gas 
chromatography – mass spectrometry (GC-mS).

m a t e r i a l s  a n d  m e t h o d s
a Hewlett Packard GC 5890 couplet with a mS engine 

5989B in the EI mode was used for compounds identifica-
tion. The GC was equipped with a HP-5mS capillary column 
30 m × 0.25 mm diameter, 0,25 µm film thickness, in the tem-
perature program: 50 °C for 2 min, then increased to 250 °C 
with a rate of 8 °C min–1, helium flow rate 1 ml min–1. Deac-
tivation by treating the injector glass liner with 5% dimethyl-
dichlorosilane in toluene was very important for a better sen-
sitivity. The GC/mS interface line and the ion source were 
maintained to 200 °C, and quadrupol analyser at 100 °C. 
Electron energy was 70 ev and electron emission 300 µa.

methanol, methylen chloride, hexane, ethyl acetate, ace-
tone were purchased from Comchim (Bucharest, romania). 
The standards were from Fluka, Sueden: 1. 3-Hepten-2-one, 
used as external standard (ES), 2. 1,8-cineol (eucalyptol) 3. 
linalool 4. geraniol 5. alpha-terpinyl-acetate 6. geranyl acetate 
7. amyl salicylate 8. myristic acid (C14 : 0) 9. palmitic acid 
(C16: 0) 10. Stearic acid (C18 : 0) . FamE were from Polys-
cience Corporation, Evantson, Illinois, USa. The standards, 
100 µl each, formed the mixture M, except of the external 
standard, 3-hepten-2-one, added separately before extraction. 
Cartridges of 300 mg rP-18 and TSC were obtained from 
merck. a stock solution was obtained by diluting 100 µl of 
each compound. Working standard was prepared by diluting 
the stock solution to obtain a concentration of 3.3 % vol.

L L E  E x t r a c t i o n
a mixture of three solvents (S) was prepared: ethyl ace-

tate: hexane: methylen chloride (5 : 1 : 1, v/v/v). The LLE 
extraction procedure was: 30 µl mixture M in 1 ml solution 
distilled water: ethanol (1 : 1, v/v), or 1 ml hydroalcoholic 
flavour extract), 1 ml distilled water and 0.33 ml solvent 
S, (3 : 3 : 1, v/v/v) were mixed 1.5 minutes and then centri-
fugated 2 minutes. 1 µl 3-hepten-2-one, was added to the 
supernatant and then 1 µl was injected two times by using the 
autosampler injector.

S P E  E x t r a c t i o n
The solid phase was conditioned with 3 ml methanol 

and 3 ml distilled water. after sample application, washing 
and drying 10 minutes at vacuum, the sample was eluted with 
3 × 0.3 ml solvent. The solvent was solvent S in the case of 
rP-18 cartridges and chloroform-acetone (1 : 1, v/v), in the 
case of TSC cartridges. after adding of 1 µl of the exter-
nal standard to the eluate, 1 µl was injected by using the 
autosampler injector. Each sample was injected twice.

m W E  E x t r a c t i o n
The microwave extraction procedure was performed 

at 2,45 GHz for 4 sec, to a temperature of 60 °C, in a screw 
cap vessel. 30 µl mixture S was added to 1 ml hydroalcoholic 
solution, 1 ml distilled water and 0.33 ml solvent S were pla-
ced in the microwave funnel and extracted. Then 1 µl 3-hep-
ten-2-one (ES), was added to the supernatant and analyzed 
twice.

U S E  E x t r a c t i o n
The ultrasonic extraction procedure was performed 

1min, at a temperature of 60 °C. The ultrasonic probe was 
placed in the vessel containing 30 µl mixture S in 1 ml hyd-
roalcoholic solution, 1 ml distilled water and 0.33 ml solvent 
S. after extraction, 1 µl 3-hepten-2-one (ES) was added to 
the supernatant and analyzed.

Table I
recovery [%] obtained by different procedures

 Component LLE SPE SPE mW US
 heptenone     
 1,8-cineole 98.97 81.47 68.54 100.84 99.75
 (eucalyptol)
 linalool 96.67 86.96 72.07 100.98 100.50
 geraniol  94.31 87.54 77.91 111.48 112.12
 alfa-terpenyl 97.57 86.13 73.52 102.26 100.37
 acetate
 geranyl 96.28 83.14 72.75 102.57 99.86
 acetate
 amyl 97.23 85.72 73.99 120.91 118.03
 slicilate
 C14 : 0 100.82 86.24 75.07 98.02 95.04
 C16 : 0 97.14 86.73 75.87 96.91 92.95
 C18 : 0 96.93 85.54 74.68 95.74 92.07
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Results
The average values resulted from two or three extraction 

procedures and two injections of each extract. The relative 
standard deviation values were bellow 3 % for each extrac-
tion procedure. The mean values for the recoveries found for 
each aroma compound studied are presented for different 
extraction modes in Table I. The best values for recovery 
were found for mWE (103 %) and USE (101 %), followed 
by SPE (85.5 %) on rP-18 and LLE (97.3 %). 

Separation chromatogram is presented in Fig. 1. The 
LLE method (3 : 3 : 1, v/v/v) was used for studies on vermut, 
bitter and herbs aroma compounds. The relative standard 
deviation values found for four different extraction procedu-
res injected twice were bellow 5 % in the case of vermut and 
also for bitter aroma compounds (n  =  4). 

Tables II and III present the precision obtained for diff-
erent aroma compounds extracted by LLE from vermut and 
respectively from bitter (n  =  4). The identification of the 
compounds was obtained by GC/mS.

Conclusions
This work presents a comparison of different extrac-

tion methods for the characterization of some aroma com-
pounds. The methods are suitable for the determination 
of trace amounts of aroma compounds in plant extract.  

Table II
LLE precision characterization for vermut extracts

 Compound mean SD rSD [%]
 eucalyptol 8.86 0.14 1.58
 fenchone 2.34 0.05 2.35
 linalool 30.65 0.31 1.02
 terpinen 2.96 0.06 2.16
 geraniol 2.12 0.05 2.35
 cinnamaldehyde 0.56 0.05 8.89
 trans-anethole 4.2 0.09 2.22
 thymol 1.55 0.06 4
 alpha-terpenyl acetate 1.74 0.07 4.06
 isobornyl isovalerate 2.07 0.14 6.76
 eugenol 2.9 0.11 3.73
 miristicin 1.14 0.05 4.8
 elemicin 1.08 0.03 3.16
 herniarine 0.93 0.05 5.24
 bisabolol oxid a 1.04 0.03 3.17
 myristic acid 1.24 0.07 5.7
 ethyl miristate 1.39 0.14 9.78
 lactone 0.78 0.05 6.37

Fig. 1.	 Separation	chromatogram	for	the	standard	mixture

Fig. 2.	 Recovery	comparison	for	different	extraction	methods	
for	the	standard	mixture

Table III
LLE precision characterization for bitter extracts

 Compound mean SD rSD [%]
 eucalyptol 0.34 0.001 0.29
 fenchone 2.51 0.03 1.05
 trans-sabinene 1.23 0.04 2.93
 hydrate
 p-anis aldehyde 1.35 0.15 10.76
 cinammaldehyde 1.61 0.05 2.79
 trans anethol 8.87 0.42 4.68
 eugenol 71.79 0.71 0.98
 coumarin 0.86 0.05 6.15
 miristicin 1.11 0.01 1.04
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Good recovery mean values were obtained by LLE (97 %) 
using an appropriate mixture of solvents comparable with the 
recoveries of the other extraction methods as SPE (86 %), 
mWE (103 %) and USE (101 %). The characterization of bit-
ter and vermut aroma by LLE method showed r.S.D. lower 
than 5 %. The comparison of flavours of herbs from different 
sources showed qualitative and quantitative differences.

This work has been supported by the Romanian Scienti-
fic Research Agency (Grant ID_501 number).

rEFErENCES
 1. Gherman C., Culea m., Cozar o.: Talanta 53, 253 

(2000).
 2. Hu, S. G., Li L., He X. W.: J Chromatogr a. 1062, 31 

(2005).



Chem. Listy, 102, s265–s1311 (2008) Food Chemistry & Biotechnology

s670

P45	 BIOREMEDIATION	OF	BOTTON	SEDIMENTS	
USING	BaciLLus MeGateRiuM AND 
BaciLLus ceReus

Katarína JaBLoNovSKá and iveta štyriaKová
Department of Biotechnology, Institute of Geotechnice of 
Slovac Academy of Sciences, Watsonova 45, 043 53 Kosice, 
Slovak Republic
jablonov@saske.sk

Introduction
The water reservoir ružín I. lies in an area, which for 

several centuries has been known for mining and metallur-
gical activities. The bottom sediments are contaminated 
with heavy metals, in the concrete with Hg, Cu, mn, Zn, Ni 
and Cd, which were washed away into the water reservoir 
from locations of former mining activities (Cicmanova et al., 
2003). Enhanced amounts of heavy metals preclude of direct 
utilization of sediments in agricultural and building industry 
and also in ground shaping (Brehuv, j., 2000).

 The availing of bioleaching techniques on mobilization 
of heavy metals from sediments seems to be an appropriate 
manner of retreatment. In this attempt, besides indigenous 
microflora bacterial species Bacillus megaterium and Bacil-
lus cereus was used. These bacterial species were izolate 
from the soil matrix of sampling place Hornád-inlet. Because 
heavy metals are increasingly found in microbial habitats due 
to natural and industrial processes, microbes have envolved 
several mechanisms to tolerate the presence of heavy metals 
(by either efflux, complexation, or reduction of metal ions) or 
to use them as terminal electron acceptors in anaerobic respi-
ration (Senenska-Pobel S. et al, 1998). The objectives of this 
work were to determine the differences of influence Bacillus 
cereus and Bacillus megaterium on leachibility Ni and Cd 
ions from polluted sediments.

Experimental
Sediment samples were obtained from the botton of 

water reservoir ružín I in Slovakia at differend depths (20 
and 40 cm). Heavy metals composition is given in Table I.

Biological leaching of the sample material was carried 
out in conical flasks with 30 g sediment and 600 ml ashby´s 
medium. The ashby´s medium contained (per liter) 0.2 g 
urea, 1 g K2hpo4, 0.075 g naCl. glucosse (2 g dm–3) was 
added as the organic substrate. The flasks were inoculated 
with Bacillus megaterium and Bacillus cereus cultures, ori-
ginally isolated from the sediment of water reservoir ružín I. 
in Slovakia. The two strains were purified and followed by 
streak plating on nutrient agar cultures. The isolates were 
identified with the BBL Crystal Identification System (Bec-
ton Dickinson, USa).

The flasks were incubated under static conditions for 
6 months at 25 °C in the dark. appropriate abiotic controls 
were included in these experiments. Changes in the chemi-
cal composition of solid and liquid phases were measured by 
atomic absorption spectrometry (varian aa240-Z with GTa-

120 a aa240-FS). The particle size distribution was measu-
red by the laser radiation scattering using a model 22 Laser-
Particle – Sizer analysette (Fritsch GmbH, Idar-oberstein, 
germany).

Results
The Ni and Cd concentrations of sediments taken from 

20 and 40 cm depth layers are shown in Table I. The amount 
of investigated heavy metals overrun the limit values given 
by metodical Instruction ministry of Environment – Slovak 
republic No. 491/2002. The established values give informa-
tion about the potential risk of Ni and Cd releasing and about 
surrounding and outlying contamination ecosystems.

Fig.1. depicts the kinetic of the bioleaching process of 
Ni from sediment sample taken from the depth 20 cm. Ni 
concentration was observed during bioleaching in soluble 
form. The curves present the differences between the ef-
fectivity of bioleaching processes in two bacterial systems, 
Bacillus megaterium and Bacillus cereus. The above men-
tioned processes took 54 days. The maximum concentration 
of eluted Ni was achieved in the 21th day (B. megaterium) 
and by B. cereus in the 14th day. The maximum concentration 
ni in B. cereus system achieved 1,247.3 ng ml–1 and in B. 
megaterium system 1,087.5 ng ml–1. The results refer to the 
higher effectivity in the case of application of the bacterial 
strain Bacillus cereus.

Fig. 2. presents the kinetic curves of the bioleaching 
process of Cd from the sediment sample (20 cm depth). 
The Cd leaching processes were carried out under the same 
conditions as in the case of the Ni leaching. In the pre-
sence of Bacillus megaterium an increased concentration 
of Cd was detected. The medium in the 14th day contained  

Table I
The results of surface layer analysis of sediments from 20 cm 
depth and their comparison with metodical Instruction minis-
try of Environment – Slovak republic No. 491/2002

 element ni Cd
 Depth [mg kg–1]
 20 cm 87 1.2
 40 cm 86 0.9
 mImE-Sr mPC 44 12.0
 No. 491/2002 Tv 35 0.8

Table II
Effectivity of bioleaching process with application of Bacil-
lus megaterium and Bacillus cereus

 
element

 
Before BL

 after BL after BL  
[mg kg–1]

 Bacillus Bacillus cereus   megaterium [mg kg–1]   [mg kg–1] 
 ni  86.0 79.0 70.0
 Cd 1.2 0.8 1.0
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14.2 ng ml–1 Cd. These experiments give a considerable evi-
dence about the differences of metabolic activity of two bac-
terial strains, Bacillus cereus and Bacillus megaterium. the 
results show more effective application of Bacillus mega-
terium, because of the shorter time needed to Cd releasing 
into the solution. The concentration of Cd in the medium is 
approximately 3 times higher as in the case of obtained from 
the depth 40 cm were proved through the same experimental 
processes as the sediment from the 20 cm, but the behaviour 
and the results of bioleaching Ni and Cd were in both cases 
the same (Data not showed).

pH of bioleaching system has a direct relationship to the 
mobility of metals relating to their solubility. The concentra-
tion of cations in sediment solution usually increase greatly 
under a low pH condition (Wu et al., 2006). The decrease 
of pH values was achieved through bacterial production of 
acetic acid, butyric acid, pyruvic acid, lactic acid and formic 
acid (Styriakkova et al, 99). Fig. 5 presented the decreasing 
of pH values in both B. cereus and B. megaterium bioleaching 

systems. The measurements indicate a markedly change in 
the pH solution during the first 20 days from pH 7 to 4.6 
(B. cereus) and 4,9 (B. megaterium). In the next experiment a 
relatively constant level pH values are shown.

Conclusions
our study demonstrated that Bacillus spp. related to the 

species Bacillus megaterium and Bacillus cereus, presented 
and isolated from heavy metals contaminated sediments, 
are able to release Ni and Cd ions from polluted sediments. 
This kind of heterotrophyc microorganisms may pose posi-
tive impact on the availability and mobility of Ni and Cd and 
other heavy metals in sediments from water reservoir ružín 
I . In this study Cd ions seems to be easier leached through 
Bacillus megaterium strain than Bacillus cereus according to 
their metabolic activity and adaptability to the Cd polluted 
environment. The Ni ions was easier leached with application 
of Bacillus cerus strain. In general, the bacteria innoculation 
enhanced the leachability of Ni and Cd. The possible mecha-
nisms may also be responsible for the integrated effects of 
lowering pH through bacteria metabolism and production of 
organic acids.

This work has been supported by VEGA Agency suppor-
ting the projects No-2/0049/08.
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Fig. 1.	 Basic	 kinetic	 of	 the	 bioleaching	 Ni,	 sediment	 depth	
–	20	cm,	BM	–	Bacillus megaterium,	BC	–	Bacillus cereus

Fig. 2.	 Basic	 kinetic	 of	 the	 bioleaching	 Cd,	 sediment	 depth	
–	20	cm,	BM	–	Bacillus megaterium,	BC	–	Bacillus cereus

Fig. 3.	 The	decrease	of	pH	in	course	of	bioleaching.	BM	–	Bio-
leaching	 system	 with	 the	 application	 of	 Bacillus megaterium 
inoculum	BC	–	Bioleaching	system	with	the	application	of	Bacil-
lus cereus	inoculum
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Introduction
Heavy metals are very important pollutants in waters. 

They are non-degradable and therefore continue to accumu-
late in water bodies. Because of their toxic properties and the 
tendency for bioaccumulation in the food chain, it is impera-
tive to take effective precautions and to reduce the concentra-
tion levels of heavy metals in waters1.

Current methods in order to remove the toxic metal ions 
from wastewater are: chemical precipitation, ion exchange, 
extraction, adsorption, reverse osmosis techniques2.

adsorption is understood to involve the interphase 
accumulation or concentration of substances at a surface or 
interface. absorption is a process in which the molecules or 
atoms of one phase interpenetrate nearly uniformly among 
those of another phase to form a solution with it3. a specific 
type of sorption based on the used solid phase that is derived 
from various types of biomaterials or biomass is biosorp-
tion4.

microbial biomass is frequently used for the bioremedi-
ation of heavy metals polluted waters as the biomass capable 
absorb, adsorb and in some cases precipitate the metals out 
of solution5.

Sulphate reducing bacteria (SrB) are genera of dissimi-
latory bacteria, which utilise sulphate as a terminal electron 
acceptor and perform dissimilatory reduction of sulphate ions 
(So4

2–) to hydrogen sulphide (h2S) gas. The hydrogen sul-
phide produced by the SrB, as part of their metabolic pro-
cesses is capable to react with metal cations to form stable 
sulphide precipitates6.

microbial iron sulphide is well known as an adsorbent 
for the treatment of metallic ion polluted wastewater5.

Material	and	Methods
C u l t i v a t i n g  m e d i u m

For sulphate-reducing bacteria cultivation was modi-
fied nutrient medium DSm-63 (ref.7) with the addition of 
Fe2(So4)3

. 9h2o used. this medium creates optimal condi-
tions for SrB growth genera Desulfovibrio and Desulfoto-
maculum.

S u l p h a t e - r e d u c i n g  B a c t e r i a
Bacteria were isolated from a mixed culture obtained 

from potable mineral water collected at Gajdovka spring 
(Košice, Slovak republic) with pH 7.5 and H2S odour.

S o r b e n t s  P r e p a r a t i o n
The iron sulphides preparation was realized in the biore-

actor filled with 500 ml of modified nutrient medium DSm-

63 and inoculated with 100 ml of a culture of SrB during 
21 days at 30 °C under anaerobic conditions. These conditi-
ons were generated by introducing an inert gas (N2) and che-
mically with sodium thioglycollate. The pH of the medium 
was adjusted to the value 6.8 with sodium hydroxide.

Preparation was realized under 2 different modes. During 
first mode the bioreactor worked at 30 °C under anaerobic 
conditions without addition of fresh nutrient medium during 
21 days. During second process of preparation the bioreactor 
worked 4 days in batch mode and then 3 days in continuous 
mode (i.e. fresh medium was supplied into reactor for more 
intensive SrB growth and iron sulphides production). We 
realized 3 periods (21 days).

m o d e l  S o l u t i o n s
model solutions were prepared by dissolving 

ZnSo4
. 7h2o and CuSo4

. 5h2o analytical grade salts. For 
sorption experiments were solutions with contain of Zn2+ and 
Cu2+ 100 mg dm–3 used.

S o r p t i o n  E x p e r i m e n t s
Batch sorption experiments were realized in Erlenmeyer 

flasks filled by 100 ml of model solution of Zn2+ or Cu2+ and 
the sorbent. The sorbent dose was 0.1 g. For the best contact 
between sorbent and model solution were samples agitated by 
mechanical laboratory shaker at 250 oscillations per minute. 
Sampling was conducted during 90 minutes. The concentra-
tion of zinc and copper was determined by atomic absorption 
spectrometry.

Results	and	Discussion
The process of the iron sulphides preparation by SrB 

was successful in both modes, demonstrated by black preci-
pitates in Fig. 1. and the sensorial detection of H2S odour.

Sorption of Cu and Zn cations from model solutions by 
biogenic sorbents prepared in batch-continuous mode was 
studied. Fig. 2. shows removal of Zn2+ and Cu2+ during 90 
minutes. all copper ions were removed. In the same time 
only 50 % of zinc ions were removed.

Fig. 1.	 Bacterially	produced	iron	sulphides
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In Fig. 3. are present quantities of copper and zinc ions 
that iron sulphides were able to capture from 100 ml of solu-
tion in calculation on 1 g weights of dry the sorbent.

Fig. 4. shows sorption of zinc ions by iron sulphides pre-
pared in batch-continuous mode (BCm) and in discontinuous 
mode (Dm) from model solutions. We can see, that “batch-
continuous sorbent”, which production process is possible to 

see in Fig. 5., was able to remove more ions in the same times 
than “discontinuous sorbent”.

In Fig. 6. are present quantities of zinc ions that sorbents 
captured from solutions in calculation on 1 g weights of dry 
the sorbent.

Conclusions
This work was oriented on preparation of iron sulphides 

sorbents by sulphate-reducing bacteria for the heavy metals 
removing from waters and realization sorption experiments. 
From results it is clear that sorpion of copper ions was higher 
than sorption of zinc ions after 90 minutes of experiments. 
We can also conclude that different mode of iron sulphides 
preparation reflects in sortpive capability of sorbent, because 
batch-continuous prepared sorbent was more effective than 
discontinous prepared.

This work was supported by the Slovak Research and 
Development Agency under the contract No. APVV-51-
027705 and Slovak Grant Agency VEGA under the Project 
2/0075/08.

Fig. 2.	 Removal	of	copper	and	zinc	ions	from	model	solutions.	
c	 –	 concentration	 of	 copper	 and	 zinc	 ions,	copper,  zinc,	
t	–	time

Fig. 3.	 Sorption	of	copper	and	zinc	ions	from	model	solutions.	
q	–	sorption,	copper,	zinc,	t	–	time

Fig. 4.	 Removal	of	zinc	ions	using	sorbent	prepared	in	2	diffe-
rent	modes.	c	–	concentration	of	zinc	ions,	�	batch-continuous	
sorbent,		discontinuous	sorbent,	t	–	time

Fig. 5.	 Bioreactor	during	continuous	mode

Fig. 6.	 Sorption	of	zinc	ions	using	sorbents	prepared	in	2	diffe-
rent	modes.	q	–	sorption	�	batch-continuous	sorbent		discon-
tinuous	sorbent,	t	–	time



Chem. Listy, 102, s265–s1311 (2008) Food Chemistry & Biotechnology

s674

rEFErENCES
 1. ozverdi a., Erdem m.: J. Hazard. mater. B137, 626 

(2006).
 2. Erdem m., ozverdi a.: Sep. Purif. Technol. 51, 240 

(2006).
 3. volesky B.: Sorption and Biosorption. Bv-Sorbex, Inc., 

St.Lambert, Quebec 2004.
 4. Kaduková J., virčíková E.: Minerálne biotechnológie 

III- biosorpcia kovov z roztokov. ES všB TU ostrava 
2003.

 5. marius m. S., James P. a. B., Bahaj a. S., Smallman D. 
J.: J. magn. magn. mater. 293, 567 (2005).

 6. marius m. S., James P. a. B., Bahaj a. S., Smallman D. 
J.: J. Phys.: Conference Series 17, 65 (2005).

 7. Bergey´s Manual of Determinative Bacteriology. Willi-
ans & Wilkins, USa, Baltimore 1989.



Chem. Listy, 102, s265–s1311 (2008) Food Chemistry & Biotechnology

s675

P47	 GENOTYPE	vARIABILITY	OF	FATTY	ACIDS	
IN	CEREAL	GRAINS

DaLiBor ješKoa and miLan čErTíKb

aSlovak Agricultural Research Centre – Research Institute 
of Plant Production Piešťany, Bratislavská 122, 921 68 
Piešťany, Slovak Republic,
bDepartment of Biochemical Technology, Faculty of Chemi-
cal and Food Technology, Slovak University of Technology, 
Radlinského 9, 812 37 Bratislava, Slovak Republic,
jeskod@vurv.sk

Introduction
Cereals are important part of human and animal nutri-

tion. From the view of lipids, cereal grains are quite low in 
fats (averaging 3.6 %) that consist of mainly palmitic, oleic 
and linoleic acids. oat (Avena spp) includes many species 
of which Avena sativa L is the most commonly cultivated1. 
It is mainly grown for feed use, but due to its high nutritional 
value, much interest is now focused on expanding its food 
applications. among cereal grains, oat has the best protein 
quality and quantity and is a valuable source of minerals and 
vitamins, especially thiamine and pantothenic acid2. more-
over, the lipid content of oat is high with very good balance 
between polyunsaturated and saturated fatty acids3,4 and, 
therefore it is important crop from the nutritional point of 
view5. Significant levels of other lipid compounds, such as 
phospholipids, glycolipids, and phytosterols, may also find 
application in various pharmaceutical, medical, food, and 
industrial fields.

Buckwheat is annual melliferous crop. For many years 
cultivation of buckwheat declined, but recent interest in old, 
traditional foods have led to resurgence in its cultivation. 
Buckwheat belongs to pseudo-cereals together with amaranth 
and millet. These grains have been important food crops in 
various parts of the world and have potential for much greater 
and more widespread use6.

Because lipids are essential compounds of cereal grains, 
this study was focused on genotype variability of fatty acid 
composition in following cereal grains: oat, millet, amaranth 
and buckwheat. The research in this field could significantly 
help in cereal classification.

Experimental
oil content and fatty acid composition in following 

cereal grains have been determined in this study: oat (85 vari-
eties), millet (29 varieties), amaranth (20 varieties) and buc-
kwheat (10 varieties).

Total lipids were extracted from oat grains 2-times by 
100 ml chloroform/methanol (2 : 1, v/v) for 60 min at labora-
tory temperature with occasional stirring. after extraction the 
mixture was filtered and 0.97% KCl (1.2-fold of total extract 
volume) was added. The mixture was stirred vigorously for 
1 min and centrifuged (5 min, 3,000 g) to effect phase sepa-
ration. The chloroform – lipid containing layer was filtered 
through anhydrous na2So4 and evaporated under vacuum7.

Fatty acids of total lipids were analyzed as their methyl 
esters by gas chromatography (GC-6890 N, agilent Techno-
logies) using a capillary column DB-23 (60 m × 0.25 mm, 
film thickness 0.25 μm, agilent Technologies) and a FID de-
tector (constant flow, hydrogen 35 ml min–1, air 350 ml min–

1, 250 °C) under a temperature gradient (130 °C for 1 min; 
130–170 °C at program rate 6.5 °C min–1; 170–215 °C at 
program rate 2.7 °C min–1; 215 °C for 7 min; 220–240 °C at 
program rate 2 °C min–1) with hydrogen as carrier gas (flow 
2.1 ml min–1, velocity 49 cm s–1, pressure 174 kPa) and a 
split ratio of 1/50 (Inlets: heater 230 °C, total hydrogen flow 
114 ml min–1, pressure 174 kPa)8. The fatty acid methylester 
peaks were identified by authentic standards of C4–C24 fatty 
acid methylesters mixture (Supelco, USa) and evaluated 
by ChemStation 10.1 (agilent Technologies). The variation 
coefficient (vC) of individual fatty acids was calculated 
from the equation: vC	 =  (δn-1/average value of selected fatty 
acid) × 100, where δn-1 is a decisive deviation.

Results

Table I
average amounts (av), standard deviation (SD) and varia-
tion coefficient (vC) of lipid content and fatty acids in stu-
died cereal grains

 Cereals  Lipids   Fatty acids [%]
 (number)  [%] C16 : 0 C18 : 0 C18 : 1 C18 : 2 C18 : 3
 oat av 4.5 16.0 1.7 37.8 38.5 1.6
 (79) SD 1.2 0.8 0.4 2.5 2.2 0.4
  vK 26.9 4.9 22.2 6.6 5.6 21.9
 millet av 3.8 7.5 1.9 21.3 63.6 1.2
 (29) SD 0.57 0.35 0.63 1.83 2.65 0.25
  vK 14.9 4.6 33.5 8.6 4.2 20.7
 Buckwheat av 2.3 13.3 2.1 36.3 35.2 1.9
 (10) SD 0.54 0.52 0.07 0.97 0.53 0.07
  vK 23.5 3.9 3.4 2.7 1.5 3.5
 amaranth av 5.2 17.1 2.7 23.6 43.0 0.7
 (10) SD 0.79 2.50 0.29 4.34 6.34 0.11
  vK 15.1 14.6 10.8 18.4 14.8 15.3
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Fig. 1.	 Relationship	 between	 oleic	 and	 linoleic	 acid	 in	 millet	
lipids
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Lipid amounts in investigated cereals varied between 
1.5 to 8.2 %. Linoleic (C18 : 2c-n6), oleic (C18 : 1c-n9) and 
palmitic (C16 : 0) acids were the major fatty acids whereas 
α-linolenic acid (C18 : 3c-n3) and stearic acid (C18 : 0) were 
minor fatty acids (Table I).

Correlation between levels of oleic and linoleic acids 

indicated that activity of ∆12-desaturase might be controlled 
genotypically (Fig. 1.). the results indicate that elevation 
amount of total C16 fatty acids is related with loss of amount 
total C18 fatty acids in oat lipids. also decrease of oleic acid 
amount is accompanied with higher linoleic and α-linole-
nic acid amounts. accumulation of linoleic acid amount is 

related with accumulation of α-linolenic acid amount as well 
(Fig. 2.). variations in individual fatty acid levels also demon-
strated deviation in biosynthesis stability of these compounds 
in selected cereal genotypes. moreover, relationship between 
C18 : 1c-n9/C18 : 2c-n6 ratios and squalene amounts were 
found in amaranthus varieties (Fig. 3.). 

Conclusions
although fatty acid composition in all varieties of indi-

vidual cereal type was similar, statistical analysis and calcu-
lation of various ratios among fatty acids clearly showed that 
fatty acid profile can be used for more precise description 
of single cereral genotypes. oats containing lower lipids 
amounts were characterized by increased fatty acid unsa-
turation due to elevated concentrations of both linoleic and 
α-linolenic acids and reduced levels of oleic acid. Fatty acid 
composition together with calculated fatty acid parameters 
offers not only valuable taxonomic and physiologic informa-
tion for classification of various cereal varieties, but also may 
be used by farmers and producers for aimed applications of 
cereals from the view of desired lipid attributes.

This work has been supported by National Project of 
Research and Development No. 2006 UO 27/091 05 01/091 
05 11 from Ministry of Agriculture, Slovak Republic and by 
grant VEGA No. 1/0747/08 from the Grant Agency of Minis-
try of Education, Slovak Republic.
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Introduction
Extracts of several edible botanicals are reported to have 

antifungal activity. However, little work has been carried out 
to manage fungal deterioration of stored products by plant 
derived bioactive compounds.

Epazote (Chenopodium ambrosioides L.) is an herb 
native to South america and although there are a few reports 
on fungicidal properties of its dichloromethane extracts1,2, no 
studies have been conducted on its chemical compositions. 
In this study, we report our preliminary results on antifungal 
activity of the crude hexane extract hexane extract (HE) of 
the Brazilian epazote against four fungi (Aspergillus flavus, 
A. glaucus, A. niger, A. ochraceous) and identification of 
volatiles in the hexane extract by gas chromatography (GC) 
and gas chromatography combined with mass spectrometry 
(GC-mS).

Experimental
p l a n t  m a t e r i a l  a n d 
h y d r o d i s t i l l a t i o n

The epazote leaves were harvested from shrubs in viçosa, 
minas Gerais, Brazil, and extracted with hexane (200 ml) for 
12 h. The organic phase was collected, dried over anhydrous 
sodium sulfate; hexane was evaporated in a rotatory evapora-
tor at 30 °C under reduced pressure, weighed and evaluated.

a n t i f u n g a l  a c t i v i t y
The antifungal activity of the hexane extract was tested 

on potato-dextrose agar (PDa) with use of poison food assay. 
Percent growth inhibition was calculated by dividing radial 
growth in the treatment plates by growth in the control plates 
and multiplying by 100. The data were analyzed by aNova 
and the means compared by the Tukey test (p  =  0.05).

I d e n t i f i c a t i o n  o f  C o m p o u n d s
The volatiles in the crude hexane extract were identified 

by GC using rI (Kováts retention index) and GC-mS. The 
peaks were first identified by GC-mS library system based on 
similarity indexes (SI). rI was obtained for most GC peaks. 
The final identification was based on the best SI and rI fits

Results	and	Discussion
Depending upon the fungus an inhibition of 25–100 % 

was obtained (Fig. 1.). In this study, at concentration of 0.3 %, 
100% inhibition of four important post-harvest fungi was 
obtained. The minimum concentration of 0.1 % was reported 
for complete inhibition of Rhizoctonia solani1.

The composition of the hexanic extract has not been 
reported in the literature. about 91.8 % of the volatiles in the 
hexane extract were identified by GC and GC-mS (Table I, 

Fig. 1.	 Percent	radial	growth	inhibited	by	crude	chenopodium 
ambrosioides	hexane	extract	after	6-day	incubation	(25	°C)	at	con-
centrations	of	0.3	%,	0.2	and	0.1	%.	Mean	of	three	replications.	
For	each	concentration	the	histograms	of	different	fungi,	headed	
by	the	same	letter	do	not	differ	at	(p		=		0.05).	The	bars	represent	
the	 standard	deviation	within	 the	 treatment.	A.f.		=		aspergillus 
flavus,	A.g.		=		a. glaucus,	A.n		=		a. niger,	A.o		=		a. ochraceous

Table I
Identification, based on gas chromatography (rIs-Kováts 
retention indexes) and gas chromatography-mass spectro-
metry and % composition of the crude hexane extract of the 
Brazilian Chenopodium ambrosioides

 Crude hexane extract
 Peak no KI % Compound Structure

 1 1019 11.2 α-terpinene 

 2 1026 6.0 p-cymene 

 3 1031 0.4 benzyl alcohol 

 4 1247 54.0 (Z)-ascaridole 

 5 1287 2.3 carvacrol 

 6 1305 17.3 (E)-ascaridole 

 other identified  8.8 – –
 compounds
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Fig. 2.). In adddition, other non-volatiles such as mono, di 
and triacylglycerides etc., which would not be dectected 
under our GC conditions were presumably also present.

The % composition and antifungal activities were simi-
lar to those reported for the C. ambrosioides essential oil 
(Eo) reported by us3.

Conclusions
The antifungal activities of the C. ambrosioides essential 

oil3 and hexane extract were very high and were attributed to 
terpene-like compounds. We are now conducting studies to 
isolate the active fraction of the hexane extract as well as 
extend our studies to other common storage fungus.
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Introduction
In general, the antioxidant capacity of honey appeared to 

be a result of the compounds including phenolics, peptides, 
organic acids, enzymes and other phytochemicals (Gheldof et 
al., 2002). The phenolic compounds contribute significantly 
to the antioxidant capacity in many studies. reports on honey 
as antifungal agent were comprehensively reviewed by molan 
(1992). The “inhibine number” is the degree of dilution to 
which a honey retains its antibacterial activity, representing a 
sequential dilution of honey in steps of 5 %, from 25 to 5 %. 
allen et al., (1991) found many honeys with low activity and 
36 % of samples with activity near or below detectable levels. 
In this study, antioxidant effects (by DPPH method) as well 
as the antifungal effects of natural honeys on five species of 
fungi collected, were tested.

Experimental
Honey was extracted from the hives of bees and kept at 

4 °C away from direct light before use. Samples were derived 
from different plant species of acacia (2 samples), Brassica 
(1 sample), Thyme (1 sample) and the rest of samples (5 sam-
ples) were of floral origin. Samples originated from different 
places of Slovakia and one sample came from rodos

a n t i o x i d a n t  a c t i v i t y
a method was adapted according to Sanches moreno 

et al. (1998) and Brand-Wiliams et al. (1995). Honey (10 g) 
was dissolved in 100 ml of ethanol (90%), and 0.1 ml of 
solution was taken to 3.9 ml of DPPH methanolic solution 
(25 mg dm−3) and mixed. absorbance at 515 nm was mea-
sured at different time intervals. The blank reference cuvette 
contained DPPH methanolic solution. results were expressed 
as % inhibition.

a n t i f u g a l  a c t i v i t y
all samples were prepared aseptically and handled pro-

tected from direct sunlight. Honey solutions were prepared in 
three fractions: 50, 25 and 10 % (by mass per volume). Five 
species of fungi were isolated from wheat samples collected 
from different locations in Slovakia: Penicillium crustosum, 
P. expansum, P. griseofulvum P. raistrickii and P. verrucosum 
by the agar well diffusion method. all fungal isolates were 
identified microscopically, and samples of each fungus were 
deposited in the fungal collection bank. The strains of fungi 

were maintained on Czapek yeast extract agar (CYa, Hime-
dia). all plates were incubated at 25 °C in the dark and inhi-
bition zones were measured after 3 days. The statistical pro-
cessing of the data obtained was implemented by means with 
SaS software.

Results
In term of antioxidant activity of honeys the best results 

were found at thyme honey from rodos (11.84 %) and floral 
honeys from different places of Lučenec (10.09 %, 10.19 %). 
The lowest antiradical activity was determined at acacia 
honey (7.615 %). Kücük et al. (2007) studied three different 
Turkish honeys and found high levels of polyphenolics and 
high antioxidant activity in three antioxidant assays. radical 
scavenging assay was the highest at chestnut honey, then fol-
lowed heterofloral honey and the least at rododendron one.

al-mamary et al. (2002) showed a linear positive rela-
tionship with the extract concentration. The antioxidant acti-
vity of diluted honey samples increased with increasing the 
levels (50 μl, 100 μl, 200 μl) of honey samples. The total 
antioxidant activities of diluted samples varied from −6.48 % 
(prooxidant activity) to 65.44 % inhibition. In our case deter-
mined antioxidant activity (Table I) was low, varied from 
7.62 % (acacia/Lučenec) to 11.84 % (Thyme/rodos).

The results obtained characterize honey samples as 
a product with a broad antimicrobial effect. The strongest 
antifungal effect was shown by honey samples of 50 % con-
centration against Penicillium raistricki strains. the least 
antifungal effect was shown by honey samples of 10 % con-
centration against to Penicillium expansum strains. no inhi-
bitory activity was detected with any of the seven species 
with the pasture honey at any concentration up to the highest 
tested 50 % (v/v). maughrabi (2003) found that wild honey 
was effective against Alternaria solani and Phytophthora 
infestanns, also against Rhizoctonia solani and Fusarium 
oxysporum, and to a less extent against Stemphylium solani 
and Colletotrichum sp.

Table I
antioxidant activity [%] of honey samples

 Honey/Place of origin Inhibition [%]  ±  SD
 acacia/Nitra 8.53  ±  0.08
 Brassica/Nitra 9.89  ±  0.33
 Floral/Smrečany 8.39  ±  0.11
 Thyme/rodos 11.84  ±  0.35
 Floral/Nitra 8.98  ±  0.24
 Floral/Hlohovec 9.96  ±  0.40
 Floral/Lučenec 10.19  ±  0.53
 acacia/Lučenec 7.62  ±  0.56
 Floral/Lučenec 10.09  ±  0.34
 all 9.50  ±  1.25
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Conclusions
Selected honeys showed low scavenging ability to DPPH 

radical, but can be classified as a product with a broad anti-
microbial effect. The strongest antifungal effect was shown 
by honey samples of 50% concentration against Penicillium 
raistricki strains.

This work has been supported by Science and Techno-
logy Assistance Agency under the contract No. APVT-20-
026704.
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Table II
antimicrobial effect of honey samples against Penicillium 
strains

 microscopic  Honey concentration [%]
 fungi 10 25 50
 Penicillium 11.67  ±  3.00 22.22  ±  8.38 28.67  ±  8.11
 crustosum
 Penicillium 7.22  ±  5.63 12.22  ±  4.79 24.22  ±  16.54
 expansum
 Penicillium 10.78  ±  1.92 15.11  ±  3.62 21.56  ±  5.53
 griseofulvum
 Penicillium 8.67  ±  2.87 16.22  ±  5.07 33.11  ±  14.59
 raistrickii
 Penicillium 7.67  ±  1.94 12.78  ±  3.67 23.44  ±  9.84
 verrucosum
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Introduction
antioxidants constitute a large group of plant and micro-

bial secondary metabolites (for exemple carotenoids, phe-
nolics, oligopeptides, saccharidic derivates etc.) with major 
interest because of their anti-inflammatory effects and of their 
potential anti-atherogenic properities1,2. many foods are good 
sources of antioxidants: vegetables, legumes, whole-grain 
cereals, tea extracts, honey etc. The best source of these phy-
siologically active compounds with rapid effects on human 
health is represented by some sorts of fruit1. especially citrus 
fruit contain high-levels of phenolics and/or ascorbic acid3. 
Widely consumed apples are rich on polyphenols too with the 
most abundant chlorogenic acid4.

phenolics in human plant nurtur play important roles in 
sensory properties of food, because of its influence on colour 
and/or flavour. moreover major part of phenolic substances 
occure as physiologicaly active components with very hight 
antioxidative capability as well as effective protection against 
cancer growth and/or other degenerative diseases3,4.

analysis of phenolic substances could be realised using 
many different instrumental methods starting with TLC and 
ending with GC (some special applications). In the present 
the most preffered technique in separation of non-volatile 
compounds, such as phenolics are, is modern instrumental 
method LC/mS combining perfect separation with universal 
detection of individual sample components5.

Experimental
Presented work was focused on characterisation of seve-

ral substances (phenolics, carotenoids) with antioxidant acti-
vity containned in biologic materials and on their distribution 
in individual sample fractions (juice, pulp, peel). 

antioxidants were isolated (i) by ethylacetate-ether 
(phenolics) and/or aceton-ether (carotenoids) extraction, (ii) 
by SPE method with amide-2 (phenolics) and/or C18 ar 
columns (carotenoids). 

Separation and detection of phenolics were optimalizated 
using followed conditions: restek C18 Ultra aqueous column 
heated on 30 °C, gradient elution using 1% acetic acid: 
acetonitril in range 60-45 : 40-55 with flow of mobil phase 
0.4 ml min–1, Uv-vIS detection (280 nm and/or 370 nm), 
mS tune file on chlorogenic acid (negative ion mode). 

Identification of carotenoids was gone on column 
Polaris C18 a heated on 45 °C, using isocratic elution with  
LC/mS methanol (flow 0.25 ml min–1), Uv-vIS detection 

(450 nm) and/or mS detection (tune file on β-carotene in 
positive ion mode).

Standard compounds as well as food samples were deter-
mined by mS full scan and/or mS/mS full scan mode.

Results
Standards of antioxidants were analysed using off-line 

and/or on-line HPLC/Uv-vIS/ESI-mS. However reported 
results were obtained by on-line LC/Uv-vIS/mS, because of 
low response of off-line method.

In Table I determined parent ions (mS full scan) and/or 
typical fragments obtained by tandem mass spectrometry are 
resumed. mS full scan spectra of chosen phenolic standards 
are demonstrated on Fig. 1. and Fig. 2.

Table I
Precursors (mS full scan) and fragments (mS2full scan) of 
standards

 Compound m/z [m-H]– or [m]+• Fragments (m/z)
 β-carotene 537  –
 epicatechin 289 217, 245, 271
 catechin 289 227, 245, 271
 quercetin 301 107, 121, 151,
   239, 257, 273
 morin 301 229, 257, 273
 fisetin  285 163, 213, 229
 kaempferol 285 151, 229, 257
 acid gallic 169 –
 acid chlorogenic 353 191, 309, 339
 myricetin 317 179, 245, 289, 299
 naringenin 271 –
 rutin 609 301
 procyanidin 577 –

Fig. 1.	 MS	full	scan	spectrum	of	rutin

Fig. 2.	 MS	full	scan	spectrum	of	acid	chlorogenic
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Compounds in food samples are identified in mS spectra 
according to m/z values of determined standards (Table I). 
Phenolic substances were analysed with higher sensitivity 
than carotenoids, because of its moderate polarity – general 
condition of electrosprey use3,5.

Fig. 3. shows an exemple of chromatogram of several 
phenolics contained in orange.

Fruit samples were observed as the best and complex 
sources of phenolics (Table II). amount of total phenolics 
was highest in apple, the mostly consummed fruit. But consi-
derable yield was observed in orange as well as in sunflower-
seeds. very important food source of phenolics are also carrot 
and/or gourd-seeds.

antioxidant capacity of carrot is increaced by high-
level of β-carotene (carotenoids). Important concentration of 

carotenoids was observed also in sweet pepper and/or potato 
(Table II).

Studied samples contained rutin and/or acid chlorogenic 
as principal phenolics, their distribution in individual fracti-
ons of food is demonstrated on Fig. 4 and Fig. 5.

General part of phenolic substances is presented in fruit 
and/or vegetable juice, while higher amount of selected phe-
nolics was observed in pulp.

Peel was analysed in apple and potato only (data not 
show). This fraction was characteristic by higher amount of 
chlorogenic acid, while other analysed phenolics were pre-
sented in very lower concentration and/or was not determi-
ned.

Conclusions
Combined instrumental technique LC/ESI-mS is more 

suitable for analysis of phenolics than in identification of 
carotenoids. Carotenoid are lipid-soluble pigments, so ionisa-
tion process with ESI source is insufficient. more important 
method for carotnoid analysis is LC/aPCI-mS.

analysis of compound distribution is surely influenced 

Fig. 3.	 Phenolics	in	orange	juice:	naringanin,	catechin,	querce-
tin,	kaempferol,	rutin,	acid	chlorogenic	and	procyanidin

Table II
antioxidants in food samples

 Sample Total phenolics β-carotene
  [mg 100 g–1] [μg 100 g–1]
 orange 572 ± 13 264.3 ± 1.2
 lemon 388 ± 12 218 ± 8
 tangerine 148 ± 13 720 ± 25
 grapefruit 172 ± 6 714 ± 36
 apple 2181 ± 43 593 ± 70
 carrot 1352 ± 46 5289 ± 123
 tomato 13.4 ± 0.8 14.1 ± 2.1
 sweet pepper 4.37 ± 0.03 4660 ± 27
 onion 16.3 ± 1.0 40.1 ± 1.9
 garlic 1.32 ± 0.04 –
 potato 379 ± 16 2077 ± 127
 gourd – seeds 1898 ± 28 –
 sunflower-seeds 517 ± 10 –

Fig. 4.	 Occurrence	of	rutin	and	acid	chlorogenic	in	juice

Fig. 5.	 Presence	of	rutin	and	acid	chlorogenic	in	pulp
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by extraction method, however results demonstrate that fruit 
and/or vegetable should be used as whole product. The one 
fraction consummation (for exemple fruit juice only) reduces 
conciderable antioxidant yields contained in pulp as well as 
in peel of fruit and/or vegetable sources.
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Introduction
mycotoxins are toxic secondary metabolites produced 

by certain toxigenic microscopic fungi in various crops used 
as raw materials for the production of foodstuffs and fodder.

Fusarium toxins have been shown to cause a variety of 
toxic effects (both acute and chronic) in humans and animals 
(vomiting, dermal irritation, haemorragic lesions, weight 
reduction, etc.).

The main objective of this study was to investigate the 
influence of key agricultural practices (resistance of barley 
cultivars, chemical treatment use, pre-crop and different 
growing locality) on Fusarium mycotoxins in barley. Field 
trials were realized in cooperation with the agricultural 
research Institute Kroměříž (harvest 2005, 2006 and 2007).

For the determination of the most important Fusarium 
mycotoxins, the high-performance liquid chromatography 
coupled to tandem mass spectrometry (LC–mS/mS) was 
used. The trueness of the generated data was successfully 
demonstrated in proficiency test (Food analysis Performance 
assessment Scheme, FaPaS®) organized by Central Science 
Laboratory (CSL, York, UK).

Experimental
m y c o t o x i n s

Characterisation	 of	 analytical	 method: isolation 
of the most important Fusarium mycotoxins from sam-
ple was carried out using an acetonitrile/water mixture for 
one hour by a shaker. Extract was analysed by LC–mS/mS 
(LCQ Deca, Finnigen, USa), on column Synergi Hydro rP 
(150 mm ×3 mm × 4 μm) after clean-up by solid phase extrac-
tion employing the mycoSep 226® cartridges.

Target	mycotoxins:
trichothecenes type B – deoxynivalenol (DoN), nivale-
nol (NIv), fusarenon-X (Fus-X), sum of 13-acetyldeo-
xynivalenol and 15-acetyldeoxynivalenol (expressed as 
aDon)
trichothecenes type A – HT-2 toxin (HT-2), T-2 toxin 
(T-2)
zearalenone (ZoN)

p e s t i c i d e s
Characterisation	 of	 analytical	 method:	 Isolation of 

target pesticides from sample was carried out using a aceto-
nitrile after addition 1% formic acid. Extract was analysed by 

•

•

•

LC–mS/mS (Quattro Premier XE, Waters, USa) on column 
Discovery C18 (100 mm × 3 mm × 5 μm).

g r o w i n g  L o c a l i t y
Harvest	2005:
žabčice
chemical treatment (pesticide)
no chemical treatment (pesticide)

Kroměříž  
no chemical treatment (pesticide)

Harvest	2006:
Kroměříž
no chemical treatment (pesticide)

Branišovice
chemical treatment (pesticide)
no chemical treatment (pesticide)

Uherský ostroh
chemical treatment (pesticide)
no chemical treatment (pesticide)

Harvest	2007:
žabčice
chemical treatment (pesticide)
no chemical treatment (pesticide)

Kroměříž
chemical treatment (pesticide)
no chemical treatment (pesticide)

e x a m i n e d  S a m p l e s
varieties	 of	 barley:	 amulet, Bojos, Jersey, malz, 

Prestige, Sebastián, Tolar and other

Harvest	2005:
6 barley samples 
30 malt samples prepared from tested barley

•
•

•

•

•
•

•
•

•
•

•
•

Table I
used pesticides

 active compound type product
 amidosulfuron Herbicid Secator
 mefenpyr-diethyl Herbicid Secator
 Iodosulfuron-methyl-sodium Herbicid Secator
 Fenpropimorph Fungicid Cerelux
 Flusilazole Fungicid Cerelux
 mCPa Herbicid optica trio
 mecoprop Herbicid optica trio
 Tebuconazole Fungicid Falcon
 triadimenol Fungicid Falcon
 Spiroxamin Fungicid Falcon
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Harvest	2006:
40 barley samples

Harvest	2007:
36 barley samples

Results

Conclusions
Influence of pesticide treatment has not been docu-
mented. Highest and lowest incidence of DoN were de-
tected at “no - chemical treatment” samples.

•

The differences among localities were significant, that 
could be caused by different weather conditions and dif-
ferent spectrums of trichothecenes indicated a contami-
nation of barley by various fusarium fungi.
Influence of barley variety was significant. Highest inci-
dences of mycotoxins were detected at amulet and mer-
lin varieties.

This study was carried out within the project RC No. 
1M0570 and the project MSM 6046137305 granted by the 
Ministry of Education, Youth and Sports of the Czech Repub-
lic.
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Table II

  Positive samples:
  Toxin [%]
  harvest 2005
  DoN (major mycotoxin) 100.0
 Barley HT-2 toxin 86.0
  niv 28.0
  T-2 toxin 17.0
  DoN (majority mycotoxin) 100.0
  Zon 13.3
 malt HT-2 toxin 23.3
  T-2 toxin 10.0
  sum aDon 10.0
  harvest 2006  
  DoN (major mycotoxin) 100.0
 Barley niv 33.0
  T-2 toxin 65.0
  HT-2 toxin 22.5
  harvest 2007 
  DoN (major mycotoxin) 94.0
  niv 92.0
 Barley HT-2 toxin 86.0
  T-2 toxin 58.0

Fig. 1.	 Changes	of	DON	concentrations	after	malting	process

Fig. 2.	 Influence	of	barley	variety	on	trichothecene	levels

Fig. 3.	 Influence	of	chemical	treatment	on	production	of	fusa-
rium	toxins	in	barley	samples
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Introduction
acrylamide is a substance that is produced, first of all 

(but not exclusively), in starch foods as a result of high tem-
perature (> 120 °C) used during culinary processes, particu-
larly during baking, grilling, frying or microwaving. acry-
lamide can cause cancer in animals and experts assume that 
acrylamide can probably cause cancer also in humans1,2.

The main mechanism of acrylamide formation in food 
is expected via a reaction between the amino acid asparagine 
and reducing sugars, e.g. glucose, under high temperature1,3.

Methodology
Since 2004, content of acrylamide has been monitored 

within the framework of “The Project on Dietary Exposure of 
the Czech Population to Selected Chemical Substances”carried 
out by the Centre for the Hygiene of Food Chains in Brno 
with the objective to describe the dietary exposure of the 
Czech population to chemical substances.

Sample collection is designed to cover current diet com-
position and also various regions in the country. important 
feature of the monitoring project is a fact that samples are 
culinary treated so that they could be analysed in the same 
stage as they are consumed4.

The determination of acrylamide is conducted in starch-
rich foods but also othercomm. commodities, where acryla-
mide was previously detected5 (for example olives, coffee 
and so on) within the range of so-called “Food basket for the 
Czech population”. Individual commodities were purchased 
four times per year.at a retail market of twelve towns in 
the Cr6.

The acrylamide is isolated from a matrix by the extraction 
to 100 ml demineralised warm water (60 °C). after 20 min. 
mixing the sample is centrifuged at 11,000 rpm for 10 min. 
7 ml of supernatant is then transferred into a stoppered flask 
containing 2 g anhydrous potassium bromide. Derivatization 
(conversion of acrylamide into 2,3-dibromopropionamide) 
is a next step. 2.5 ml saturated solution bromine (100 ml 
h2o  +  3 ml bromine) were added into stoppered flask with 
sample. a product of bromination (over night reaction) was 
extracted with 2.5 ml ethylacetate and converted into stable 
2-bromopropenamide by dehydrobromination with triethyla-
mine. The ethylacetate extract is filtered and analysed by gas 
chromatography (HP 5890) coupled with mass spectrometry 
(hp 5972) employing 13C3 acrylamide as the internal stan-
dard.

The m/z 149 and 151 were used in the method of quan-
tification (SIm) of 2-bromopropenamide and the m/z 152 and 

154 for labelled 2-bromopropenamide. The ions separated by 
two mass units are due to the contribution of the two isotopes 
of bromine. The ratio of 79Br to 81Br is 1 : 1, which enables 
us to choose between the above m/z in the process of quantifi-
cation. The m/z value, which isn‘t influenced by interference, 
is chosen.

The method was validated and accredited according to 
CSN EN ISo/IEC 17025 (Czech accreditation Institute). The 
quality control was implemented by participating in profici-
ency testing organised by Food analysis Performance asse-
ssment Scheme (FaPaS).

In addition, FaPaS samples of known acrylamide con-
tent were used as reference materials for internal testing.

Results	and	Discussion
In total 803 various samples were analysed during 

2005–2007. The highest content of acrylamide was found in 
potato crisps (range 268–3,817 µg kg–1), french-fries (range 
< 15–705 µg kg–1), honey gingerbread (73–429 µg kg–1), 
cocoa powder (56–567 µg kg–1). relatively high acrylamide 
levels were detected in spices (147–1,076 µg kg–1).

Table I
acrylamide content in food samples (2005–2007)

 Commodity n µg kg–1

 Potato crisps 36 267.88–3817.48
 French fries 33 < 15–704.65
 Ground paprika 12 147.39–1075.98
 Pepper 12 182.06–456.48
 Biscuits 36 50.19–1337.24
 Savoury biscuits 24 68.70–708.38
 Gingerbread 24 73.36–429.18
 Cocoa powder 24 55.63–566.91
 Wafers 36 22.00–420.94
 Plain chocolate 12 61.11–246.86
 Cornflakes 24 < 15–299.48
 Cake 24 15.59–190.24
 muesli 24 < 15–195.36
 Flaky pastry 12 22.54–146.93
 Wheat-rye bread 24 19.84–83.58
 rye bread 36 < 15–92.67
 Cream cake 26 < 15–97.51
 Wholemeal bread 36 < 15–87.09
 Wholemeal rolls 36 < 15–98.19
 Pizza 12 < 15–66.29
 Chocolate sweets 36 < 15–83.01
 Chocolate bars 36 < 15–123.22
 Wheat rolls 24 17.78–70.26
 French loaf 24 16.17–53.67
 milk chocolate 12 28.19–63.49
 Coffee (infusion) 12 4.42–21.81
 Peanuts 12 < 15–48.97
 Sponge biscuits 24 < 15–34.79
 Cocoa instant drink 12 < 15–20.84
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Concentration in peanuts, chocolate sweets, bread, rolls, 
sponge biscuits ranged from 15 µg kg–1 (LoQ  =  15 µg kg–1) 
to 100 µg kg–1. The results in Table I summarize results of 
work at the Centre for the Hygiene of Food Chains during 
2005–2007.

The variation of acrylamide levels were recorded 
between individual samples of same commodities. It can be 

explained by fluctuation of acrylamide precursors (aspara-
gine and sugars) in raw materials (potatoes, cereales – .), 
technology, storage conditions, etc. . For example Fig. 1. and 
Fig. 2. document variability of results for wholemeal breads 
and potato crisps.

Conclusion
The results will be used for both a point and probabilis-

tic assessment of dietary exposure doses and consequently 
for health risk characterization. For more precise estimate of 
exposure doses more acrylamide concentration results are 
still required. 
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Fig. 1.	 Acrylamide	content	in	wholemeal	bread

Fig. 2.	 Acrylamide	content	in	potato	crisps
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Introduction
the topic “trans fatty acid” recently appears as a pro-

blem of growing interest. This is especially due to the relati-
onship to negative health impact of these fatty acids.

Unsaturated fatty acids can have the same chemical for-
mula but different chemical and consequently also physio-
logical properties due to different geometrical configuration. 
The double bond of the unsaturated fatty acid can be in either 
cis or trans configuration. In nature most unsaturated fatty 
acids are in a cis configuration. This means that the hydrogen 
atoms are on the same side of the two carbons of the double 
bond. In the trans configuration, the hydrogen atoms are on 
the opposite side of the two double bond carbons.

Trans fatty acids (TFa) are formed in technological and 
microbiological processes by isomerization of cis double 
bonds to trans double bonds. Small amounts of trans fat are 
produced in the rumen of ruminants and then found in dairy 
and beef fat. Trans fats are predominately and not-intentio-
nally produced commercially in large quantities through a 
process called partial hydrogenation used to protect foods 
from spoilage. The goal of partial hydrogenation is to add 
hydrogen atoms to unsaturated fats, making them more satu-
rated. These more saturated fats have a higher melting point, 
which makes them attractive for baking and extends their 
shelf-life. These more stable fats are used in margarines and 
shortenings. most of the trans fats are found in foods made 
with or fried in partially hydrogenated oils (margarines, high-
fat baked goods, especially doughnuts, cookies, pastries and 
crackers). The trans fat content of these foods may be as high 
as 45–50 % of the fat.

High intakes of TFa may have an influence on total cho-
lesterol. Trans fats increase levels of LDL (so-called “bad” 
cholesterol) and also lower levels of HDL (so-called “good” 
cholesterol). TFa increase the risk of coronary heart disease 
and of other chronic health problem (cancer, diabetes, obe-
sity, interfility).

Several countries and the World Health organization 
(WHo) have taken regulatory initiatives on the intake of 
TFa levels and proposed revisions to the criteria for nutrient 
content claims. The United States Food and Drug adminis-
tration (FDa) issued a regulation requiring manufacturers to 
list trans fat on the Nutrition Facts panel of foods and some 
dietary supplements. With this rule, consumers will have 
more information to make healthier food choices that could 
lower their consumption of trans fat as a part of heart-health 
diet. The WHo has tried to balance public health goals with 

a practical level of trans fat consumption, recommending 
in 2003 that trans fat be limited to less than 1 % of overall 
energy intake.1–7

The important input highlighting problems and ques-
tions around TFa in the Czech diet was an opinion of the 
Scientific Committee on Foods (vvP)8,9. This opinion was 
requested by the Czech ministry of Health as a reaction on 
the open letter written by the group of Czech researchers cri-
ticizing content of TFa in some foods (shortening fat, cakes 
and biscuits, where TFa is main element – 50 % of all fatty 
acids content) placed on a market and requesting obligatory 
labeling similar to that used in the USa or in Denmark. The 
vvP repeated some ideas of EFSa and measures which can 
help to reduction the amount of TFa in foods. The vvP also 
recommended to analyse food samples representing current 
Czech diet to estimate main dietary sources and their influ-
ence on the total TFa intake8,9.

The National Institute of Public Health in Prague, Cen-
tre for the Hygiene of Food Chains in Brno, is responsible to 
organize and perform longitudinal monitoring project named 
“Dietary Exposure to Selected Chemical Substances”. In the 
framework of this project fatty acids have been monitored 
since 200510.

Material	and	Methods
Fatty acids were determined in food samples represen-

ting so-called food basket of the Czech population. 268 vari-
ous food samples were collected for analyses of Fa in 2007 
(food samples are collected in 12 places which create 4 regi-
ons in the Czech republic). Samples were culinary treated so 
that they could be analysed in the same stage as they are con-
sumed. The result of the preanalytical treatment is a homoge-
nous sample of cooked foods, which is then analysed11. one 
sample (mixture of samples from 3 places) represents compo-
site sample for each region (a, B, C, D).

The analytical procedure consists of the three consequent 
steps - extraction of the triacylglycerols from the matrix, 
saponification and ester interchange with methanol and finally 
analyse methylesters of fatty acid using the GC – FID method. 
after culinary treatment and pre-homogenisation the samples 
were homogenized and extracted with mixture of petroleum 
ether/acetone (ratio 2 : 1) as a solvent by homogenizator (high 
frequency of revolutions) or by using of a hot solvent. Tri-
acylglycerols of the extracted fat were saponified and ester 
interchanged with methanol. methylesters of fatty acid were 
shaken out with hexan, dried, filtrated and then were analysed 
by gas chromatograph (TraCE GC) with flame ionization 
detection, split/splitless injection and capillary column (SP™ 
2560, 100 m × 0,25 mm, thickness of film 0,2 µm). Standard 
Supelco 37 Component FamE mix was used.

The method was validated using Effivalidation 3.0 soft-
ware. The accuracy of the method was confirmed by analy-
sing Crms. analytic quality control was implemented by 
participating in proficiency testing organised within Food 
analysis Performance assessment Scheme (FaPaS) of the 
Central Science Laboratory York (UK). Used method is 



Chem. Listy, 102, s265–s1311 (2008) Food Chemistry & Biotechnology

s690

accredited according to EN ISo IEC 17025 by the Czech 
accreditation institute.

Results	and	Discussion
Fatty acids were determined in food samples represen-

ting current diet consumed by the Czech population. The hi-
ghest concentrations of TFa have been found in gingerbread, 
wafers, chocolate sweets and biscuits. relatively high con-
centrations of TFa were also determined in butter spread, 
sour cream and ice cream. very low concentrations of TFa 
have been found in poultry offal, pork liver, marinated fish, 
sea fish, flour and cocoa. In the Table I the name of sample, 
the ranges of content of fat and TFa are shown.

In total 268 individual food samples were analysed in 
2007 (food samples are collected in 12 places which create 
4 regions a, B, C, D) in the Czech republic. In most of them 
the content of TFa did not exceed concentration 1 % TFa in 
fat (in 65 % of samples). The TFa concentration > 10 % in fat 
was observed in 2 % of samples. (Fig. 1.).

In Fig. 2. an example of the comparison four kinds of 
sweet food samples from 4 regions (a, B, C, D) is shown. 
In this samples were measured the highest concentrations 
of TFa; it is possible to see differences between individual 
measures.

Table I
results of the monitoring of fat and TFa in 2007 in food samples collected in 4 regions (n  =  4)

 Name of sample Fat [%] TFa [%]
 Gingerbread 8.2–16.6 24.8–32.51
 Wafers 26.6–30.9 0.23–12.14
 Chocolate sweets 16.1–31.3 0.25–14.34
 Biscuits 14.8–20.1 0.85–5.73
 French fries 4.9–6.7 0.77–1.12
 potato crisps 29.3–36.7 0.93–1.10
 Wheat-rye bread  0.2–0.3 0.14–0.45
 rye bread 0.6–2.1 0.27–0.34
 Wholemeal bread 1.5–5.7 0.21–0.33
 Wheat rolls 2.6–3.4 0.09–1.73
 Sponge biscuits 3.0–10.6 0.34–4.26
 Flour 0.7–0.7 0.08–0.12
 milk 0.8–1.1 1.95–2.41
 Condensed milk 7.4–10.5 1.73–2.25
 Infant milk formula 15.1–21.9 0.74–1.05
 Butter 81.3–82.4 1.94–2.20
 Butter spread 28.2–32.6 2.0–9.87
 margarines 41.2–59.3 0.13–1.15
 milk pudding  1.4–1.7 0.97–1.43
 Whole milk yoghurt 4.9–5.6 1.65–1.78
 Curd dessert  1.0–4.4 1.76–1.98
 Whipping cream 24.8–31.3 1.40–1.70
 Cream 10.2–11.2 1.09–1.50
 Sour cream 11.5–14.0 2.03–2.27
 Ice cream 5.7–8.0 1.24–7.13
 Cream dessert  11.3–15.3 1.94–2.24
 Processed cheese 15.0–19.5 1.90–4.15
 Blue cheese 25.2–39.0 1.64–1.81
 Camembert cheese 18.7–24.1 1.54–2.0
 Hard cheese Edam 14.0–21.0 1.51–2.87
 Eggs 7.6–9.4 0.24–0.47

 Name of sample Fat [%] TFa [%]
 Cocoa 2.2–3.3 not detected
 Semolina 0.2–0.4 0.07–1.11
 Soya products 1.4–2.2 0.05–0.05
 Smoked fish 15.8–23.0 0.17–0.20
 Freshwater fish 11.1–16.5 0.49–0.66
 Canned fish 15.2–18.8 0.09–0.92
 Sea fish 0.29–0.29  0.07–0.07
 marinated fish 4.2–12.6 0.06–0.07
 Poultry offal 3.3–7.9 0.09–0.18
 Pork liver 3.5–5.1 0.10–0.14
 Sausages 14.8–22.2 0.14–0.24
 Black and white pudding 12.8–24.7 0.19–0.21
 Beef 10.7–14.2 1.46–2.70
 rabbit 3.0–7.9 0.24–0.30
 Turkey  1.1–1.6 0.38–0.47
 Chicken 12.3–20.0 0.22–0.24
 minced meat 22.5–29.8 0.76–1.14
 Hen 7.7–11.4 0.13–0.23
 Smoked meat  10.1–19.8 0.22–0.89
 Pork 9.7–13.3 0.17–0.22
 Pork flank 22.2–35.8 0.15–0.22
 Frankfurters  14.7–38.9 0.51–1.0
 Liver sausage 19.6–28.6 0.17–0.21
 Cooked salami 14.7–23.2 0.13–0.59
 Dry salami 25.1–48.9 0.21–0.32
 Bacon 45.7–62.1 0.15–0.22
 Poultry specialities 6.8–17.2 0.14–0.25
 Knackwurst 31.0–34.4 0.26–0.41
 Pork ham 2.9–4.3 0.10–0.60
 Head cheese 17.0–24.7 0.30–0.44
 Lard 86.2–97.9 0.15–0.18

Fig. 1.	 The	content	of	the	TFA	as	%	of	fat	in	samples	collected	
in	2007
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as an example the average content of the TFa in meat 
(pork, hen, chicken, turkey, rabbit and beef) samples col-
lected in 2007 from 4 regions is shown in Fig. 3.

Conclusions
The topic “trans fatty acid” has importance for public 

health protection and promotion.

The content of TFa in the samples representing food 
basket for the Czech population was monitored in the year 
2007. The highest concentrations of TFa were found in gin-
gerbread, wafers and biscuits. very low concentrations of 
TFa were found in pork liver, sea fish, flour and cocoa.

ongoing monitoring program can cumulate new data 
which could be used for point and also probabilistic assess-
ment of usual intake of Fa/TFa. results can considerably 
contribute to open public discussion focused on this impor-
tant area of human nutrition.
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Introduction
persistent organic pollutants (pops) are organic com-

pounds that are resistant to environmental degradation th-
rough chemical, biological and photolytic processes. They 
are highly persistent, lipophilic and bioaccumulative indu-
strial contaminants. PoPs accumulate in fat of organisms. 
Some of them are classified as possible human carcinogens. 
Therefore PoPs have been controlled as contaminants in the 
Czech environment for many years.

The Centre for the Hygiene of Food Chains in Brno 
guarantees “the Project on Dietary Exposure to Selected 
Chemical Substances” whose objective is to describe dietary 
exposure to selected chemical substances for the Czech popu-
lation. In the framework of this project 26 oCPs – p,p´-DDD, 
o,p´-DDD, p,p´-DDt, o,p´-DDt, p,p´-DDe , o,p´-DDe, 
endosulfan I + II, endosulfan sulfate, HCH(alpha-, beta-, 
gamma-, delta-,), aldrin, endrin and its metabolite endrinke-
tone, dieldrin, methoxychlor, heptachlor and its metabolites 
heptachlorepoxide (a + B), HCB, alpha and gamma chlor-
dane, mirex and the seven most significant indicators of 
PCBs (28, 52, 101, 118, 153, 180) have been monitored since 
1994. Cis- and trans- chlordane, oxychlordane and mirex 
were quantified since 2002.

Experimental
PCBs and oCPs were determined in samples which 

represent more than 95 % of composition (by weight) of 
current diet for the Czech population. First of all the sam-
ples bought on the Czech market were subjected to culinary 
treatment so that they could be analyzed under the same 
conditions as they are consumed. The result of the preana-
lytical treatment was a homogenous sample, which was then 
analyzed. The analytical procedure consisted of: (i) isolation 
(extraction) of the analytes from the matrix, (ii) removal of 
co-extracted compounds of the matrix and (iii) analysis using 
the GC method. The procedure was optimized as a multiresi-
dual analysis for determination of polychlorinated biphenyls 
(PCBs) and organo-chlorine pesticides (oCPs).

S t a n d a r d s
We used a single standard solution of PCBs and oCPs 

(concentration 10 ng µl–1, Dr. Ehrenstorfer) for preparation of 
calibration standard. Internal standards (PBB1, PCB 209 and 
2,4,5,6-Tetrachloro-m-xylene, concentration 10 ng µl–1, Dr. 
Ehrenstorfer) were used to determine the extent of recovery 
of the analytical procedure.

S a m p l e  P r e p a r a t i o n
The amount of the food samples for the analysis was  

50–200 g. Samples were ground with anhydrous sodium 
sulphate and spiked with PBB1, PCB 209 and 2,4,5,6-Tetra-
chloro-m-xylene as recovery standards. The first step of the 
preparation is the extraction. The type of extraction depends 
on the matrix of sample. The fat samples were extracted on 
automatic extraction device (Buchi Extraction System B-811) 
by hot solvents, non-fat samples were extracted at high speeds 
homogenizator (Polytron PT 3100) and the liquid samples 
were extracted in the liquid/liquid system. The mixture of 
petroleum ether/acetone (ratio 2 : 1) or dichloromethane was 
used as a solvent for liquid samples. The extracts were eva-
porated to constant weight in a rotary evaporator and the 
lipids were determined gravimetrically. The sample extracts 
were purified by a gel permeation chromatography (GPC) on 
column “Envirogel GPC cleanup column” fy Waters and by 
column chromatography on Florisil. 

g C  a n a l y s i s
The cleaned samples were analyzed by gas chromato-

graph (GC-Hewlett-Packard 5890) with two column system 
using different stationary phases and ECD detectors. For ana-
lyses were used following conditions:

column: DB 5 (30 m × 0.25 mm × 0.25 µm)
column: DB 17(30m × 0.25 mm × 0.25 µm) 
initial temperature: 90 °C
initial time: 2 min
temperature rate 1: 15 °C min–1

final temperature: 180 °C
temperature rate 2: 3 °C min–1

final temperature: 220 °C
temperature rate 3: 1 °C min–1

final temperature: 250 °C, final time 0.67 min
run time: 52 min

The method for the determination of PoPs is accredited 
by the Czech accreditation Institute by the CSN EN ISo/IEC 
17025 Standard. Quality control of the results was conducted 
by the means of testing materials (Tm) and certified reference 
materials (Crm). Certified reference material for PCBs was 
BCr 350 (mackerel oil) and certified reference material for 
oCPs was BCr 598 (cod liver oil) and BCr 430 (pork fat). 
Limits of quantification, depending on the type of the matrix, 
ranged between 0.002 and 0.05 µg kg–1.

Results
Every year from 1994 to 2007 the content of 37 PoPs 

was determined in the samples of foodstuffs. 110 samples 
of foodstuffs are analyzed per year. The highest content of 
PoPs was observed in fishes, meat products, butter and milk 
products.

The results showed that the most abundant of all the 
measured analytes were p,p´-DDe and pCB 138, 153,180.
The highest concentrations of these analytes were repeatedly 
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found in freshwater fish and fish products. Their occurrence 
was also observed in meat. a common source of them is also 
milk fat. Selection of the highest sums of analytical findings 
in 2007 (n  =  110) is shown in the Fig. 1. and Fig. 2. The non-
fat samples are logically less contaminated groups concer-
ning these analytes. The data were used for assessment of 
dietary exposure of the population of the Czech republic 
(Fig. 3., Fig. 4.).

Conclusions
as the PCBs can accumulate in animal tissues, the foods 

of animal origin are one of the most significant sources of 
exposure. Higher exposure doses can be particularly expected 
in persons with high intake of animal fats. Hence, the decre-
ase in consumption of animal fat can significantly contribute 
to lowering exposure doses. 

The trends in population exposure to DDT isomers and 
its analogues (DDD, DDE) and PCBs have been investigated 
since 1994. The found results expressed as the dietary expo-
sure for the average Czech population (considering food 
consumption and the culinary factor) did not even reach the 
acceptable daily intake for any monitored PoPs. The found 
exposition doses of individual PoPs probably do not present 
a serious health risk for the average population of the Czech 
republic. Detailed information about the monitoring can 
be found in publications of the National Institute of Public 

Health in Prague, describing human dietary exposure in the 
Czech republic.
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Fig. 1.	 Selection	 of	 foods	 with	 the	 highest	 concentrations	 of	
PCBs	(sum	of	PCB	28,	52,	101,	118,	138,	153,	180)	in	2007

Fig. 2.	 Selection	 of	 foods	 with	 the	 highest	 concentrations	 of	
sum	of	DDT	+	DDE	+	DDD	in	2007

Fig. 3.	 The	trend	of	exposure	doses	for	a	sum	of	7	PCBs	(28,	52,	
101,	118,	138,	153,	180)	since	1996	to	2007

Fig. 4.	 The	trend	of	exposure	to	sum	DDT	(=		DDT	+	DDE	+	DDD)	
since	1996	to	2007
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Introduction
Cereal-based foodstuff such as bread and beer belong 

in many countries to the most important items in markets´ 
basket. Trichothecene mycotoxins, the toxic secondary 
metabolites produced by species of Fusarium genus, are the 
common “natural” contaminats of cereals worldwide. Fur-
thermore, these toxins are relatively stable, surviving hou-
sehold/industrial processing, thus transferred into the final 
food products1,2,3. 

Deoxynivalenol (DoN) is one of the most abundant 
Fusarium mycotoxin. recently, it has been shown, that besi-
des the native form, DoN also occures in cereals conjugated 
to glucose1. This “masked” DoN-3-Glucoside (DoN-3-Glc) 
is produced by metabolism of living plants and therefore, the 
consumers are exposed to both these mycotoxins that occur 
in food. The recent studies have shown that, alike the DoN, 
“masked” forms can be transmitted thoughout the processing 
to food products3. With regard to the above mentioned, the 
special attention should be paid to control maximum limits 
established for toxins in unprocessed grains as well as food 
products. 

Several studies concern with mycotoxin contamination 
of cereal-based commodities such as bread or beer, have been 
published up to now4,5, however, only very limited informa-
tion is known about the occurrence of conjugated forms of 
trichothecenes, especially DoN in processed cereal-based 
foodstuff. The current study concern with analysis of DoN-
3-Glc in bread and beer is aiming at fillig the gap in this area. 
The aim of study was to determine: (i) the influence of baking 
technological times on levels of mycotoxins in bread and (ii) 
the average contamination of commercially available beers.

Experimental
C h e m i c a l s  a n d  r e a g e n t s

Pure crystalline standards of analysed mycotoxins 
deoxynivalenol (DoN), DoN-3-Glucoside (DoN-3-Glc),  
3-acetylDoN and 15-acetylDoN (aDoNs), nivalenol (NIv), 
fusarenon-X (Fus-X) HT-2 toxin (HT-2), T-2 toxin (T-2) and 
zearalenone (ZoN) were purchased from Biopure (austria). 
organic solvents in HPLC grade used for LC-mS/mS ana-
lysis were products of Sigma-aldrich (Germany). Cellite 
for beer samples purification was obtained from Sigma-ald-
rich as well. Ultra-pure water was produced by milli-Q sys-
tém. Working composite standards stock solution prepared  

in acetonitrile at concentration 1,000 ng ml–1 was stored at 
4 °C. matrix-matched standards used for analysis were pre-
pared by procedure described below (see sample preparation) 
at concentration range 1–1,000 ng ml–1.

S a m p l e s
Bread samples (n = 9) were prepared in laboratory scale 

from whole-wheat flour, which was ground from naturaraly 
infected wheat grains. The loaves of bread were prepared in 
3 variants differing in times of proofing, fermentation and 
baking (variant 1: 40 min. proofing and fermentation, variant 
2: 45 min. proof. + ferment., variant 3: 50 min. proof. + fer-
ment). For the dough-making process flour (300 g), yeasts 
(5.4 g), salt (4.5 g), saccharose (6 g), vegetable oil (4.5 g) and 
distilled water (150–165 ml) were used. Immediately after 
farinographic kneading the dough was placed into the labora-
tory thermostat for 40 or 50 min. after the proofing the dough 
was divided into three pieces that were allowed to ferment 
for 40 or 50 min. The bread loaves were baked in an electric 
laboratory oven at 240 °C for 15 or 20 min. 

23 light and 7 dark beer samples, which were collected 
in Czech retail market in the year 2008. all of beers analysed 
within this monitoring study were derived only from barley 
malts and contained 4–6 volume % of alcohol.

S a m p l e  P r e p a r a t i o n
Whole-wheat flour and bread samples after the drying 

were processed as follows: 12.5 g of homogenised sam-
ples were extracted with 50 ml of acetonitril-water mixture 
(84 : 16, v/v) for 30 min using an automatic laboratory shaker 
(IKa Laboratortechnik, Germany). Crude extract was then 
filtered (Filtrak No.390, vEB Freiberger, Germany) and 4 ml 
aliquot were evaporated to dryness, the residue was trans-
fered into 1 ml of mobile phase in HPLC grade, consisted 
of water-methanol (1 : 1, v/v) and passed through a 0.2 μm 
microfilter (alltech, USa). 

The extraction step of beer samples was carried out by 
analogous procedure. To 16 ml of degassed beer were added 
3.2 g of Cellite and 84 ml of acetonitrile. This heteroge-
nous mixture was shaken for 30 min and then filtered. 5 ml  
of extract were evaporated to dryness and residue again redis-
solved in mixture of methanol-water (1 : 1, v/v).

L C - m S / m S  m y c o t o x i n s  a n a l y s i s
Separation and quantification of target analytes were 

carried out by means of procedure described in detail in our 
previous study2. Briefly, HPLC separation (HP 1100 LC sys-
tem, agilent Technologies, USa) with reversed phase hyphe-
nated to tandem mass spectrometer (Finnigan LCQ Deca, 
USa) were used for chromatographic separation of analytes. 
mobile phase consisted of methanol and water acidified with 
ammonium acetate. Further mS/mS identification and quan-
tification of analytes was carried out by ion trap analyzer with 
aPCI ion source in both positive and negative mode.
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Q u a n t i f i c a t i o n  a n d  Q u a l i t y 
a s s u a r a n c e

The sample analysis was carried out in three repeti-
tive. matrix-matched standards of samples were prepared as 
described above with the only one difference, residue after 
crude extract evaporation was dissolved in toxins standard 
solution (methanol: water, 1 : 1, v/v). By means of described 
analytical method the limits of detection were achieved  
in range 0.5–5 ng ml–1 for measured mycotoxins.

Results
The levels of Fusarium toxins found in wheat grains, 

whole-wheat flour and breads prepared by three alternative 
procedures are summarized in Table I. out of 8 monitored 
target mycotoxins only NIv, DoN and its conjugates aDoNs 
and DoN-3-Glc were present at levels exceeded method de-
tection limits. No Fus-X, HT-2, T-2 and ZoN were found in 
examined samples. It should be noted, that conjugated DoN 
was contained in experimental wheat at relatively high level, 
in this particular case the DoN-3-Glc: DoN ratio value was 
approximately 3 : 10, while in previous studies the ratio was 
reported to be 1 : 10 ref.2.

Within the baking experiments decrease of both DoN 
and DoN-3-Glc occurred (up to 33 % and 49 %, respecti-
vely), aDoNs and NIv decreased below the limits of de-
tection. although no significant differences in mycotoxins 
levels were obtained in bread loaves prepared under various 
experimental conditions, some indirect correlation between 
DoN and DoN-3-Glc concentrations could be seen. The 
longer was fermentation and proofing phase the lower was 
DoN decrease, while decline DoN-3-Glc was higher. These 
results indicate a potential breakdown of DoN-3-Glc during 
bread-making yielding in free DoN. at the same time other 
unknown transformations of these mycotoxins take place 
resulting in overall lower trichothecenes levels in bread in 
comparison with wheat taken into the process. 

The data obtained in the second part of experiments con-
cerned with beers are presented in Table II. The majority of 
beers contained detectable levels of DoN, aDoNs and DoN-
3-Glc. occurrence of DoN-3-Glc was shown in all of light 

beer samples. Interestingly, its mean levels exceeded DoN 
levels in light as well as dark beers. although bioavailability 
of DoN-3-Glc has not been documented until now, guestion 
arises whether this “masked” DoN does not increase the 
healt risk associated with trichothecenes dietary intake. The 
relative ratio of DoN-3-Glc and DoN in beers ranged from 
0.8 to 1.3.

Conclusions
The results obtained in this study can be summarized as 

follows:
(i) Some decrease of Fusarium mycotoxins including 

DoN and its major conjugates aDoNs and DoN-3-Glc oc-
curred during baking.

(ii) No significant impact of the tested technological 
times (proofing and fermentation) was observed.

(iii) Extensive contamination of beers obtained at Czech 
market demonstrated. The levels of DoN, aDoNs and DoN-
3-Glc in light and dark beers were comparable, the later com-
pound was dominating.

This study was carried out within the scope of research 
projects NPV II, 2B08049 supported by the ministry of Edu-
cation, Youth and Sports of the Czech Republic.
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Table I
Levels of mycotoxins in wheat, flour and bread variations

 Sample mycotoxins [μg kg–1]
  DoN DoN-3-Glc aDoNs NIv
 Wheat 469 162 73 47
 Flour 337 102 23 15
 Bread-var.1 263 29 < 5 < 5
 Bread-var.2 278 25 < 5 < 5
 Bread-var.3 292 22 < 5 < 5

Table II
Levels of mycotoxins in beers

 Beer mycotoxin Incidence mean range
  [μg dm–3] [%] [μg dm–3] [μg dm–3]
  Don 82 12.9 1.5–33.7
 Light Don–3–glc 100 16.3 3.2–38.0
  aDons 69 8.1 3.9–27.8
  DoN 84 9.3 1.0–29.5
 Dark DoN–3–Glc 92 11.0 2.5–40.2
  aDons 71 8.8 5.1–19.8
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Introduction
Lignans constitute a group of important biologically 

active plant phenols, structually characterized by the coupling 
of two phenylpropanoid units by a bond between β-positi-
ons in propane side chains. Lignans were identified in trees 
already in the 19th century. Currently, wide occurrence of lig-
nans in various vascular plants has been well documented1.

the interest in lignans and other phytoestrogens has 
grown in the recent years because of their putative beneficial 
health effects2. They have been suggested to induce a vari-
ous effects, such as antioxidant, antitumor, estrogenic, and 
antiestrogenic activities, and the protection against coronary 
heart disease3.

The reachest dietary source of lignans are flaxseeds, 
with glycosides of secoisolariciresinol (SECo) (Fig. 1.) and 
matairesinol (maT) (Fig. 2.) as the major representatives of 
this group2. after ingestion, these lignans are deglycosylated 
and partly converted to the mammalian enterodiol and ente-
rolactone by colonic bacteria. These forms are considered as 
the biologically active substances responsible for the benefi-
cal effects in humans4.

In the presented study, a quantitative method (LC mS/
mS) for determination of the plant lignans, secoisolariciresi-
nol and matairesinol, in flaxseed has been developed. The 
study of variation in SECo and maT content was based on 
examination of various cultivars of flaxseed.

Experimental
C h e m i c a l s

the lignan standards, secoisolariciresinol and mata-
resinol were purchased from Sigma aldrich (Germany). The 
β-glucuronidase/sulfatase was purchased from Sigma-ald-
rich (germany).

Ethylacetate, cyclohexane, and acetic acid glacial were 
purchased from Sigma-aldrich (Germany). Sodium hydro-
xide was purchased from Penta Chrudim (Czech republic). 
The deionised water was prepared using milli-Q water sys-
tem (millipore, USa).

S a m p l e s
The flaxseeds were obtained from agritec Plant research 

s.r.o. (šumperk, Czech republic). The levels of SECo and 
maT were monitored in different cultivars. Cultivars aGT, 
alaska, astral, atalante, Bajkal, Baladin, Flanders, Lola, 
oural, recital represented oil cultivars. Cultivar venica 
represented fibre flax.

S a m p l e  P r e t r e a m e n t
Defated flaxseeds were incubated overnight with enzyme 

of Helix pomatia β glucuronidase/sulfatase in sodium ace-
tate buffer at 37 °C. Subsequently the enzymatic hydroly-
sates were extracted with ethylacetate/cyclohexane. after 
removing the solvent, the residue was transfered into mobile 
phase.

a n a l y s i s
LC-mS/mS method was employed for examination of 

extracts. The system consisted of alliance chromatography 
separation module 2695 (Waters, USa) equipped with Dis-
covery C 18 column (Supelco, Germany) (50 mm × 3.0 mm 
i.d., 5 µm), and Quattro Premier XE (Waters, UK) mass 
spectrometer detector employing an electrospray ionization 
source operating in negative mode.

m e t h o d  v a l i d a t i o n
analytes were quantified by the standard addition 

method to compensate the influence of the co-isolated matrix 
on the effectivity of the ionisation process. matrix standards 
could not be used due to unavailability of blank flaxseeds.

repeated measurements were carried out to get perfor-
mance characteristic of the method.

Results
optimization of extraction and hydrolysis. The release 

of aglycones (SECo, maT) from their glycosidic forms prior 
to analysis is necessary. Enzymatic hydrolysis was tested, 
and optimized. β glucuronidase/sulfatase (Helix pomatia) 
in sodium acetate buffer was used for hydrolysis of defated 
ground flaxseeds. Subsequent extraction of target analytes 
was carried out with ethylacetate/cyclohexane solvent mix-
ture.

Chromatografic and detection conditions. The LC mS/
mS method earlier described by milder at al. (2004) was 
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tested in the first stage. However, due to relatively high limits 
of detection, the composition of mobile phase was modified 
using acetic acid to enhance mS ionisation.

Performance characteristics. The quantification was 
carried out using the standard addition method. the crude 
flaxseed extracts were spiked with analytes to increase the 
analytical signal by a factor of 1.5 to 3. 

The limits of detection (LoD) were determined by five 
repetitive analysis of standard solutions, the found values 
were for SECo 0.020 mg kg–1 and for maT 0.025 mg kg–1.

The repeatability was determined by six times analysis 
of flaxseed extracts and was expressed as relative standard 
deviation (rSD, %), the value for maT was 3.2 % and for 
SECo 4.7 %.

Concentration of lignans in flaxseeds. The mean levels 
of lignans are shown in Table I. Their amount in various flax-
seed samples ranged for SECo from 219 (venica) to 2610 
(alaska) mg kg–1, and for maT from 5 (aGT 984) to 22 
(alaska) mg kg–1 with average levels 1031 mg kg–1 of SECo 
and 13 mg kg–1 of maT. The levels of SECo were signifi-
catly lower in fibre flax cultivar venica (220–860 mg kg–1) 
compared to linseed oil cultivars (280–2600 mg kg–1). the 
differences in maT content were comparable in both types 
of linseeds.

Conclusions
LC-mS/mS method for determination of plant lignans, 

SECo and maT, in flaxseed has been developed and vali-
dated. Flaxseeds were shown to be a rich dietary source of 
lignans. the dominating phytoestrogens representing this 
biologically active compounds were SECo and maT. The 
highest lignans content was in cultivar alaska.

This study was carried out within the projects NPVII 
2B06087 and MSM 6046137305 supported by the Ministry of 
Education, Youth and Sports of the Czech Republic.
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Table I
average levels of SECo and maT in different cultivars of 
flaxseed

 Cultivar maT [mg kg–1] SECo [mg kg–1]
 agt 13 1157
 alaska 22 2317
 astral 14 1955
 atalante 14 1317
 Bajkal 13 1172
 Baladin 11 1197
 Flanders 14 1193
 Lola 12 1150
 oural 11 716
 recital 12 1030
 venica 16 682
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Introduction
Phthalate acid esters (PaEs) are used in large quantities as 
softeners in many plastic products, paint, glue, putty, phar-
maceutical products and cosmetics.1–3 Significant migration 
into the environment is demonstrated during their production, 
manufacture, use and disposal.4–5 phthalates are not chemi-
cally bound to these products and are therefore continuously 
released into the air or through leaching into liquids.6–11 
Humans can be exposed to vinyl plasticizers through inges-
tion, inhalation, direct injection, or by skin contact. Exposu-
res to phthalates range from milligrams to micrograms12. the 
occurrence of di-(2-ethylhexyl) phthalate (DEHP) ranks over 
50 % of total PaEs. Butyl-benzyl phthalate (BBP) and di-n-
butyl phthalate (DBP) are common occurrence13.

Experimental
The aim of this investigation was to determine the occu-

rance and content of phthalate acid esters (DBP and DEHP) 
in feedstuffs and oils.

m a t e r i a l
Samples of feedstuffs, premixes and feed additives for 

livestocks were collected by qualified expert from ÚKZUZ 
(Central agricultural Control and testing institute) in years 
2005 (n  =  73) and 2006 (n  =  59). These samples were col-
lected from received feeds, dispatch stores, reception stores 
and multicomponent scales and stocked in polyethylene bags 
and glass bottles. Samples of oils a, B, C (n  =  23) were col-
lected during technological production processing in 2007. 
oils a were stored in glass bottles, B and C in plastic bar-
rels.

m e t h o d s
Proved methods were used for PaEs determination in 

feedstuffs14. Samples were stored in refrigerator after sam-
pling and transporting. 

Before starting the analyses, glass and laboratory materi-
als were washed and rinsed with acetone. Samples were suff-
iciently homogenized, extracted by organic solvents mixture 
hexan:acetone (1 : 1). PaEs were separated from co-extracts 
by GPC (gel permeation chromatography) in a Bio-beads S-
X3 filling. after GPC, the eluate was cleaned with hydrated 
sulphuric acid. PaEs were determinated by HPLC and Uv 
detection at 224 nm in a Cogent e-Column, C 18, using ace-
tonitrile:water (9 : 1) as the mobile phase. The detection limit 
for PaEs in feeds is 0.03 mg kg–1.

Results
Detected concentrations of DBP, DEHP and  

ΣDBP + DEHP in the first year of study (2005) are digested 
in Table I. The highest concentration of ΣDBP + DEHP 
was found in soybean oil (131.42 mg kg–1) and animal fat  
(58.87 mg kg–1). The lowest concentration was measu-
red for L-lysin (< 0.03 mg kg–1). In 2006 (n  =  59) levels of 
ΣDBP + DEHP ranged from 0.04 mg kg–1 (Wheat – start of 
processing) to 32.4 mg kg–1 (rapeseed oil – end. plastic). 
a list of results in 2006 is given in Table II. PaEs in oils 
are listed in Table III. The highest concentrations of PaEs 
were measured in oils C (ΣDBP + DEHP  =  61.55 mg kg–1), 
whereas lowest levels were found in oils a (5.14 mg kg–1 
ΣDBP + DEHP).

Table I
Concentrations of DBP, DEHP and ΣDBP + DEHP in feed-
stuffs in 2005

 Sample DBP DEHP  ΣDBP + DEHP
  [mg kg–1] [mg kg–1] [mg kg–1]
 Wheat 0.91 3.15 4.06
 Soybean oil 110.96 20.46 131.42
 natrium chloride 0.12 0.79 0.91
 vitamin K3 0.30 0.22 0.52
 vitamin D3 0.09 0.99 1.08
 L-lysin < 0.03 < 0.03 < 0.03
 vegetable 19.89 8.60 28.49
 soybean oil
 alimet-methionine 38.36 < 0.03 38.36
 animal fat 47.29 11.58 58.87
 animal fat 26.22 15.33 41.55
 Folic acid 0.07 1.46 1.53
 Corn 1.02 1.01 2.03

Table II
Concentrations of DBP, DEHP and ΣDBP + DEHP in feed-
stuffs in 2006

 Sample DBP DEHP  ΣDBP + DEHP
  [mg kg–1] [mg kg–1] [mg kg–1]
 vitamin D3 0.08 0.28 0.36
 vitamin K3 < 0.03 0.19 0.19
 Biotin 0.21 1.68 1.89
 Nicotinic acid 0.04 2.98 3.02
 L-lysin 0.05 1.71 1.76
 vitamin e 0.62 1.53 2.15
 Wheat - start of < 0.03 0.04 0.04
 processing
 rapeseed oil – start 2.43 18.55 20.98
 rapeseed oil – end 4.68 17.19 21.87
 rapeseed oil – end 26.63 5.77 32.4
 plastic
 alimet 1.29 3.23 4.52
 mycocarb 0.05 0.04 0.09
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Conclusions
Samples of feedstuffs for livestock (complementary 

feeds, premixes, feed additives and raw materials) were col-
lected in years 2005 and 2006, oils in 2007. various levels 
of contamination were determinated in feedstuffs. Feed addi-
tives, premixes and complementary feeds as well are poor 
in phthalates. raw materials have higher amounts of PaEs, 
but the highest concentrations were measured in materi-
als with high fat content. Because of phthalate´s lipophilic 
nature, they are released mainly into feedstuffs containing 
fat15. phthalic acid esters determinated in this investigation 
are similar to raSZYK et al. (1998)16, where was DBP level 
in feed additives 0.207 mg kg–1 and DEHP 0.216 mg kg–1. 
oils before technological production processing (in plastic 
barrels) contained lower levels of PaEs than after processing, 
so this study confirmed, that PaEs can easily migrate from 
platics to fat. 

This study was carried out within the scope of project 
NAZV 234/2202/MZ260041, supported by the Department of 
Agriculture, Res. & Dev., Czech Republic.
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Introduction
mycotoxins are classified as toxic, low molecular weight 

secondary metabolites of microscopic filamentous fungi. 
Fusarium toxins are the most common contaminants in cere-
als. recently several research study have been focused on 
masked deoxynivalenol and other mycotoxins of these group. 
The hyphothesis on existence of “masked” mycotoxins was 
postulated as soon as in mid-1980s. mycotoxicosis cases 
were observed in farm animals although the laboratory exa-
mination of a feeding stuff did not indicate high levels of 
toxins. It was concluded that hydrolysis of precursor toxins in 
digestive tracts of animals occurs. Follow up research showed 
that mycotoxins can be partly metabolized by living plants 
as a result of detoxification process. “masked” mycotoxins 
escape routine analysis for several reasons. These substances 
are more polar than the precursor toxins, they are difficult to 
extract with the common organic solvents or get lost in the 
clean-up procces. In addition, standards of these substances 
are not commercially available. Currently deoxynivalenol-3-
glucoside (D3G) representing the “masked” form of the most 
common mycotoxin deoxynivalenol (DoN) is available.

The most common method in mycotoxin analysis is 
liquid chromatography coupled with tandem mass spectro-
metry (LC-mS/mS). To reduce interferences due to matrix 
coextracts various clean-up procedures are involved in sam-
ple processing step.

This study assessed the afficacy of several immunoaffi-
nity columns (IaCs) designed either for single fusarium toxins 
(Donprep®, EaSI EXTraCT HT-2T-2®, EaSI EXTraCT 
Zon®) and DZT multi myco IaCs for multimycotoxin ana-
lysis. Based on our recent research we investigated occurence 
of this phenomenon that documented cross reactivity of D3G 
in DoN dedicated ELISa kits in the above IaCs. 

mycoSep® 226 aflaZon columns clean-up based on 
adsorbtion chromatography usage were used for crude extract 
processing.

Experimental
C h e m i c a l s

Standards of analysed mycotoxins DoN, D3G, HT-2 
toxin (HT-2), T-2 toxin (T-2) and zearalenone (ZoN) were 
purchased from Biopure (austria). 

Calibration standard solutions were prepared in the LC 
mobile phase methanol:water (50 : 50, v/v) by diluting of stock 

standard solutions in concentration range 5–1000 ng ml–1. 
While standards in solvent were employed for calibration 
in case of purified samples, matrix-matched standards were 
used for unpurified extract.

S a m p l e s
Naturaly contaminated maize containing several fusa-

rium toxins (see Table I) was used for our experiments.

I m m u n o a f f i n i t y  C o l u m n s  a n d 
m y c o S e p

Immunoaffinity columns DoNPrEP®, EaSI EXTraCT 
HT-2T-2®, EaSI EXTraCT ZoN® and DZt multi myco 
IaCs were purchased from r-Biopharm rhône Ltd (Ger-
many). Donprep® columns contain a highly specific mono-
clonal antibodies purifying and concentrating DoN from a 
sample extract. EaSI EXTraCT HT-2T-2® columns are 
made for determination of HT-2 and T-2 and EaSI EXTraCT 
Zon® are specified for ZoN analysis. DZT multi myco 
IaCs are designed as multi-mycotoxins columns. mycoSep® 
226 aflaZon columns (romer Labs®, austria) are designed 
for complex matrices with more interference such as gluten, 
meal feed and processed food.

S a m p l e  P r e p a r a t i o n  ( E x t r a c t i o n 
a n d  C l e a n - u p )

For preparation of purified extract column application 
instructions recommended by producers were followed. 
Extraction processes and all subsequented steps – diluting, 
passing through column and eluting are summarized in 
Table II. 

In addition, the acetonitrile:water (84 : 16, v/v) crude 
extract was prepared for LC-mS/mS analyses. This procedure 
is accredited to according čSN EN ISo/IEC 17025:2005 for 
direct LC-mS/mS analysis and accuracy of generated data is 
regularly documented through proficiency tests (FaPaS®).

a n a l y s i s  o f  m y c o t o x i n s  U s i n g  L C -
m S / m S

High performance liquid chromatograph (HP1100 
binary series LC system, agilent Technologies, USa) 
coupled with tandem mass spetrometer (Finnigan LCQ 
Deca, USa) were employed. Chromatographic separation of  

 trichothecene mean s.d.
  [µg kg–1] [µg kg–1]
deoxynivalenol 620 21
deoxynivalenol-3-glucoside 100 26
HT-2 toxin 27 18
T-2 toxin  52 15
zearalenone 462 23

Table I
Contents of trichothecene mycotoxins
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samples components was carried out in a reverse phase sys-
tem using the column with polar endcapping (Synergi Hydro 
rP, 150 mm × 3mm × 4 μm).

mS-detector was operated in atmospheric pressure che-
mical ionization (aPCI) mode, selective negative ions were 
aquired for DoN, D3G and ZoN, while for HT-2 and T-2 
positive ions were monitored.

Results
The recoveries of fusarium toxins obtained within vali-

dation process employing spiked samples (200 μg kg–1) for 
repeated analysis procedures (n  =  3) characterized in Table II 
were summarized in Table III. The cross reactivity value for 
D3G is higher than recovery for DoN in DoNPrEP®. Simi-
larly D3g crossreacted in DZt multi myco iaCs, neverthe-
less, it was fairly lower than aprox. 40 %. These DZT multi 
myco IaCs provided good recoveries for HT-2 and T-2 even 
higher than in EaSI EXTraCT HT-2T-2® iaCs dedicated 

these two toxins. Similarly, higher recovery was achieved 
in DZT multi myco IaCs than in EaSI EXTraCT ZoN® 
iaCs.

The levels of fusarium toxins determined in analysis 
of contaminated maize corrected to recoveries are shown in 
Table Iv. When taking the results in Table I obtained by direct 
LC-mS/mS as a reference (= 100 %), some more pronounced 
differences for results were seen. The most pronounced are 
higher concentration determined for HT-2 and T-2 by DZT 
multi myco IaCs and ZoN by EaSI EXTraCT ZoN® 
IaCs. on the other hand, underestimation of D3G content 
accords when it is used IaCs clean-up step. We can see good 
agreement of generated data for most of tested approaches.

Conclusions
The usage of immunoaffinity columns represent the 

challenging approach in selective pre-concentration of target 

Tabulka II
Procedures employed for sample processing (according to producer recommendation)

 Step of sample Immunoaffinity columns SPE columns
 preparation Donrep® Easi exctract HT-2 & T-2® Easi exctract ZoN® DZT multi myCo mycoSep® 226
 extraction deionised water methanol : water acetonitrile : water  methanol : water acetonitrile : water
 solution  (90 : 10, v/v) (75 : 25, v/v) (75 : 25, v/v) (84 : 16, v/v)
 dilution crude no phosphate buffered phosphate buffered phosphate buffered no
 extract  saline saline saline (PBS)
 mLs of extract 

2 ml extract
 

25 ml diluted extract
 25 ml diluted 25 ml diluted 

8 ml of extract passed through   extract exctract
 comumn
 washing 5 ml deionised 20 ml deionised water 20 ml PBS 10 ml deionised water no
  water
 elution 3 × 1.5 ml 3 × 1.5 ml methanol 3 × 1.5 ml 3 × 1.5 ml no
  methanol  methanol methanol

Table III
recoveries of mycotoxins for various columns

 Columns analyte recovery [%]
 Donprep® Don 76
  D3G 103
 EaSI EXTr. HT-2T-2® HT-2 90
  T-2 73
 EaSI EXTr. ZoN® Zon 66

 DZt multi myCo 

Don 79
  D3G 40
  HT-2 102
  T-2 106
  ZoN 94
 

mycoSep® 226

 DoN 94
  D3G 40
  HT-2 92
  T-2 84
  Zon 98

Table Iv
Data of different extraction and clean up process corrected to 
reference values noted in Table I

 Columns analyte %
 Donprep® Don 86
  D3G 44

 EaSI EXTr. HT-2T-2® HT-2 93
  T-2 125
 EaSI EXTr. ZoN® Zon 151

 DZt multi myCo

 Don 97
  D3g 35
  HT-2 152
  T-2 131
  Zon 101

 mycoSep® 226

 Don 98
  D3g 25
  HT-2 104
  T-2 110
  ZoN 124
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mycotoxins, moreover, isolation of same metabolite of par-
cial toxins is possible depending on cross reactivity of par-
ticular antibodies. Thanks to removing most of interferences 
with ionization process (resulting in signal suppression) and 
on this account, a lower detection limits can be obtained in 
LC-mS/mS. In addition, the improvement of method perfor-
mance characteristics, the usage of standards in net solvent is 
possible for calibration. on the other hand, the cost of analy-
sis is fairly increased by using immunoaffinity columns. The-
refore, for analysis of sample containing relatively high levels 
of mycotoxins such as maize used in this study, the direct 
analysis of crude extract is better option. moreover, more 
accurate quantification of D3G is obtained in this extract. as 
far as, usage of IaCs is prefered to obtained high sensitivity 

of analysis then DZT multi myCo IaCs are recommended 
for reliable pre-concentration of trichothecenes and ZoN.

This study was carried out with support from 
MYKOTOXINY project (2B08049) – National program of  
research II.
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Introduction
The unicellular microorganisms naturally form multicel-

lular communities called biofilm. Bacterial biofilms are gene-
rally described as surface associated community consisting of 
microcolonies surrounded by a matrix of exopolymers (EPS) 
with varied composition. The characteristics of biofilm which 
are in focus of present research are the ability to withstand 
and degrade high concentration of various toxic substances.

Phenol and catechol are toxic and persistent pollutants 
of the environment. They enter the environment from a num-
ber of industrial sources, namely from the production of pes-
ticides, herbicides and many others. The method of removal 
by bacterial population is one of the possible solutions1.

For our experiments gram-positive Rhodococcus eryth-
ropolis was chosen as a bacterium with a broad degradation 
potential, owning to its highly versatile metabolism.

Experimental
Rhodococcus erythropolis CCm 2595 was cultivated in 

BSm2 medium at 28 °C. Carbon source was added (phenol or 
catechol 0.7 g dm–3) after sterilisation.

Phenol and catechol concentration in media were deter-
mined by HPLC: Watrex column 250 × 4 mm, Nucleosil 
100 C18, acetonitrile/deionized water (40/60), 1.0 ml min–1, 
Uv detection 254 nm. 

Changes in biomass concentration were measured by 
spectrophotometric method at 595 nm as a total protein con-
centration3.

The cell surface hydrophobicity was assayed using a 
procedure according to rosenberg4 – Bath test. polymer 
material surface hydrophobicity was measured by a contact 
angle measurement method5.

For EPS composition analysis the biomass was removed 
from carrier by ultrasound and 2% EDTa addition. Saccha-
rides were assayed according to Dubois6, proteins according 
to Bradford3.

rate of adhesion during initial period of cultivation was 
determined by fluorescent microscopy (microscope Nikon 
Eclipse E400). after staining of biofilm by SYTo 13 the part 
of colonized area was measured by the method of image ana-
lysis (LUCIa, Laboratory Imaging Ltd., CZ).

Results
S u s p e n d e d  C e l l s

Experiments were carried out in shaken flasks (120 rpm) 
in medium with phenol or catechol as a sole carbon source. 
The concentration of 0.7 dm l–3 of the pollutant was chosen 
as a stressed concentration according to previous experi-
ments (data not shown). The changes of biomass concent-
ration during cultivation were expressed as a total protein 
concentration. the results are presented in the Fig. 1. the 
biomass concentrations at the end of both cultivations were  
13 mg dm–3. the phenol (0.7 g dm–3) was totally degraded af-
ter 49.5 h, catechol (0.7 g dm–3) after 119.4 h. 

Experiments have shown that catechol biodegradation 
is affected by day light. During cultivation catechol was 
decomposed to compounds which interacted with glass. The 
repeated use of glass vessels was impossible.

B i o f i l m
The cell adhesion on solid materials is significantly 

affected by cell envelope composition and by hydrophobic/
hydrophilic interactions between cells and carrier materials. 
The hydrophobicity and variance in EPS composition were 
studied.

Fig. 1.	 Rhodococcus erythopolis	 suspended	 cells	 growth	 and	
pollutant	 biodegradation.	 The	 cells	 were	 cultivated	 in	 shaken	
flasks	in	BSM	medium	at	28	°C.	The	phenol	or	catechol	was	used	
as	sole	carbon	source	(concentration	0.7	g	dm–3).	The	phenol/ca-
techol	and	biomass	(expressed	as	a	total	protein)	concentration	
were	monitored.

Table I
Carrier materials hydrophobocity

 material hydrophobicity Contact angle
  [°]
 Glass (microscopic slide) 26.4 ± 6.6
 Silicone 97.0 ± 3.6
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The material hydrophobicity was determined by con-
tact angle measurement. the results are summarised in the 
Table I. If value of contact angle is less than 90 ° the mate-
rial is considered to be hydrophilic, if contact angle is greater 
than 90 ° the material is hydrophobic.

The cell hydrophobicity was determined by the BaTH 
test. It was found that Rhodococcus erythropolis belongs to 
microorganisms with hydrophobic cell envelope character; 
the determined hydrophobicity is 89.0  ±  6.3 %. 

The quantity of proteins and saccharides in EPS is 
shown in the Table II. Both proteins and saccharides amount 
is approximately two times higher in biofilm EPS from sili-
con carriers.

rate of adhesion during initial period of cultivation was 
determined by the method of image analysis. results have 
shown (Table III) that silicone is colonized more rapidly 
and better that glass. Small colonies were visible on silicone 
materials immediately after beginning of cultivation. Their 
area increased in time.

The biofilm experiments were carried out in glass 
columns (Ø  =  5 cm, volume 220 ml). The silicone and glass 
tubes (external diameter 0.5 cm, 1.0 cm length) were cho-
sen as carriers. The biofilm growth was the first stage of 
the process. The cells were cultivated in columns in mine-
ral medium (BSm) with phenol (concentration 0.3 g dm–3, 
changed at regular intervals) for 3 weeks at 20 °C. after this 
period the stabilized biofilm was used for phenol degrada-
tion. The results are summarised in the Fig. 2. The biofilm 
concentration on glass (silicone) tubes was 4.1 (8.7) g dm–3, 
respectively. The concentration of suspended cells in medium 

was lower in column with silicon tubes than in column with 
glass ones. The phenol was totally degraded in column with 
glass/silicone after 65 h/90 h, respectively.

The comparison of the biodegradation rates of the pol-
lutants are summarised in the Table Iv. results indicate that 
catechol has a lower degradation rate than phenol. The hi-
ghest biodegradation rate is reached in biofilm system with 
glass carriers.

Conclusions
It was found out that Rhodococcus erythroposlis cells 

better colonize silicone carriers to glass ones. although the 
biomass concentration on glass carriers was two times lower 
the biodegradation rate was three times higher than in sys-
tem with silicone. This indicates that only a part of biofilm is 
metabolically active. results confirmed the hypothesis of hi-
gher biodegradation velocity of pollutants in biofilm system.

Table II
The concentration of saccharides and proteins in EPS

 EPS composition
   silicon glass
 
 Saccharides  4.9 2.7
    
 
 Proteins  4.8 2.5

Table III
Portion of carrier occupied area by biofilm

 image analysis
   1h 24h
  colonized area [%] 0.0 0.2
 glass number of objects in the 0 46
  measured area
  colonized area [%] 12.5 47.9
 silicone number of objects in 1,394 1,103
  measured area

Fig. 2.	 Phenol	 biodegradation	 by	 biofilm	 of	 Rhodococcus 
erythopolis.	 The	 cultivation	 was	 carried	 out	 in	 glass	 columns	
with	two	types	of	carrier	(glass	and	silicone	tubes,	external	dia-
meter	0.5	cm,	length	1	cm).	The	biomass	was	measured	as	total	
protein	concentration	at	595	nm

Table Iv
Comparison of biodegradation rate of the pollutants by sus-
pended and sessile cells

 
 Biodegradation rate

  phenol Catechol
  0.7 g dm–3 0.7 g dm–3

 Suspended 3.89 1.61
 cells
 Biofilm glass silicon not tested in
  12.01 4.09 glass collums
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Introduction
olive oil is an important food component, which enjoys 

special and increasing popularity in many countries not only 
due to its delicate taste but also because of its nutrition value. 
Depending on regional conditions a variety of oils are produ-
ced in different quality.

olive oil has several favourable health effects related to: 
reducing the content of adversely acting blood LDL cholesterol 
causing risk of cardiovascular diseases, decreasing the blood 
pressure, glucose content in blood, and increasing absorption of 
vitamins a, D, E, and K. The beneficial health effects of olive 
oil are connected to high contents of mono-unsaturated fatty 
acids and antioxidative substances.

Chemical analysis of olive oil is cumbersome since it 
consists of a complex mixture of chemical compounds and 
due to enormous matrix effect1. in this study, olive oil sam-
ples of different oil types were characterized by absorbances 
in their Uv-vIS spectra and by sensorial assessment. Using 
a new chemometrical approach2, based on the absorbances 
at the most informative wavelengths, neither the standard 
materials nor assignment of chemical compounds were 
necessary so that it is cheaper, requires less laboratory work 
but demands more computations.

Experimental
o l i v e  o i l  S a m p l e s  a n d  T h e i r 
C h a r a c t e r i s t i c s

193 olive oil samples of Greek origin were studied 
belonging to five different oil types coded by m (31 samples), 
K (37 samples), E (13 samples), N (94 samples), and T (18 
samples); these codes were used instead of commercial brand 
on demand. The sensorial assessment of the oils was made in 
a ten-point scale. absorbances were measured at 2001 wave-
lengths in the range 200–700 nm. acidity, the peroxide value, 
and traditional measurements K232 and K270 were used as 
further characteristics of the oil quality.

i n s t r u m e n t a t i o n  a n d 
C h e m o m e t r i c a l  T e c h n i q u e s

Uv-vis spectra of olive oil samples were measured by 
spectrophotometer varian, Cary 50 Conc (varian, vic., austra-
lia) and software Cary Win Uv was used for data acquisition 
and processing. absorption spectra of diluted (1 : 300, v/v) 
olive oil were measured in isooctane (spectroscopy grade); 

then they were digitized using a 0.25 nm step and saved to 
the pC.

For classification purposes new categorical variables 
Sens, Variety and Location were used denoting sensorial 
quality, oil type and geographical origin of the sample, resp. 
Linear discriminant analysis, quadratic discriminant analysis, 
logistic regression, the K-th nearest neighbour method and 
artificial neural networks were utilized as the classification 
techniques. The classification performance was evaluated 
for: (i) the training set used for computing the classifica-
tion model, (ii) the test set created by the individual samples 
excluded from the training set by the “leave-one-out” prin-
ciple3.

Results
C a t e g o r i e s  o f  o l i v e  o i l s

according to sensorial characteristics, the collected 
samples were categorized into three classes using catego-
rical variable Sens: the highest quality oils (6.5–9.0 points, 
denoted as “best”), the medium quality samples (3.5–6.4, 
“good”), and not acceptable quality (1.0–3.4, “worst”). 

Two further categorization principles were applied: (i) 
the type of olive oil using categorical variable Variety - five 
categories m, K, e, n, and t, (ii) the geographic locality, 
Peloponnese, Central Greece, and Crete, using the three-class 
categorical variable Location.

C l a s s i f i c a t i o n  o f  o l i v e  o i l s  b y 
D i f f e r e n t  C r i t e r i a

Linear discriminant analysis (LDa) and other classifi-
cation techniques need an optimal reduction of the original 
number of variables eliminating unimportant ones. For this 
purpose the stepwise variable selection was used, by which 
60 optimal wavelengths were selected in the case of the oil 
type categorization, 37 wavelengths were selected when sen-
sorial quality was categorized, and 60 wavelengths when ca-
tegorizing the oils by geographical origin.

Fig. 1.	 3D	LDA	plot	of	5	different	varieties	of	olive	oils
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Display of the olive oils discrimination by the oil type 
(Variety) in 3D space of first three discriminant functions is 
shown in Fig. 1. analogical 2D displays in Fig. 2. and Fig. 3. 
depict the oils classification by sensorial quality and geogra-
phic origin. a very good separation of the oil classes is evi-
dent in all three studied cases. 

Quadratic discriminant analysis (QDa), logistic regres-
sion (Lr) and K-th nearest neighbour method (KNN) are 
further frequently used classification techniques4. They were 
used together with LDa and artificial neural networks (aNN)5 
for a complex classification of olive oils. a very good separa-
tion of the olive oil samples according to two selected criteria 
is shown in Table I and Table II.

The effectivity of classification using different classifi-
cation techniques and software is here expressed by the ratio 
of the successfully categorized objects to all objects in per 
cents. The most important are the results of cross-validation 
achieved here by leave-one-out method. They show the ef-
fectivity of prediction new objects (olive oils) not involved 
in the training procedure; the best techniques are close to 
100 %.

Classification of the oil samples by geographic origin 
was performed only by the LDa technique, which categori-
zed 98.4 % of samples by leave-one-out technique in a cor-
rect way (consistent with Fig. 3.).

Conclusions
Classification of olive oils by variety, sensorial quality 

and geographic location was successfully performed by seve-
ral chemometrical techniques using modern commercial soft-
ware. The classification effectivity was in best cases close to 
100 %. a speciality and novelty of the applied approach is 
processing of spectral data without the need to utilize stan-
dards representing the most important components of olive 
oils. Therefore a very complex quantitative multicomponent 
analysis is not necessary and the expenses for it and for the 
standard materials are saved.

Fig. 2.	 2D	LDA	plot	of	 three	olive	oil	 classes	differing	by	 the	
sensorial	quality

Fig. 3.	 2D	LDA	plot	of	three	olive	oil	classes	differing	by	geo-
graphical	origin

Table I
results of classification of 187 olive oils by variety

 method Classification model Leave-1-out Software  success
 LDa Number of correct 186 177 SPSS
  % 99.5 94.7 
 QDa Number of correct 187 131 SaS
  % 100.0 70.1 
 Knn Number of correct 186 185 SaS
  % 99.5 98.7 
 Lr Number of correct 187 – SPSS
  % 100.0 – 

Table II
results of classification of 93 olive oils by sensorial quality

 method Classification model Leave-1-out Software  success
 LDa Number of correct 87 81 SPSS
  % 95.6 89.0 
 QDa Number of correct 91 60 SaS
  % 100.0 65.9 
 Knn Number of correct 85 80 SaS
  % 93.4 87.9 
 Lr Number of correct 91 – SPSS
  % 100.0 – 
 ann Number of correct 91 – jmp
  % 100.0 – 
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Introduction
the proteins and glycoproteins play many important 

roles not only in nature, but also in technologies (e.g. food 
chemistry, medical technologies). 

The characterization of glycoproteins is not an easy task 
and several techniques have to be used for the resolving of 
their total chemical composition. today, methods including 
gel electrophoresis, LC, and mS together with the database 
searches have been increasingly used. mS has become a wi-
dely used method in protein analysis after the invention of 
maLDI and electrospray ionization techniques1.

Proteomics is increasingly used to address questions 
of development, physiology and quality of crop plants2,3. 
modern analytical techniques are used for the characteri-
zation of cereal seed composition in order to increase basic 
knowledge about these plants for economical and nutritional 
aspects. one of the most important crops is barley (Hordeum 
Vulgare), which is used mainly for malting and animal feed4. 
The production of (glyco)proteins in barley seed is of particu-
lar interest, because this approach can be utilized to produce 
barley lines with improved properties, such as malting qua-
lity due to expression of thermotolerant enzymes5.

Experimental
E x t r a c t i o n  o f  P r o t e i n s

The grains of malting barley (cultivar Jersey) were 
obtained from research Institute of Brewing and malting 
(Brno, Czech republic). 250 mg of flour was mixed with 
2 ml of extraction reagent (TrIS buffer – 0.1 m, pH 7.8 con-
taining 0.5 m NaCl; 1 mm mnCl2; 1 mm CaCl2) and shaken 
2 h. The suspension was centrifuged (20 min; 14,000 rpm). 
The supernatant containing the proteins was filtered using 
0.45 µm microfilter (millipore) and used for the following 
experiments.

a f f i n i t y  C h r o m a t o g r a p h y  ( a C )
a glycoprotein enriched fraction was obtained by Con-

canavalin A (Con A) lectin chromatography (Calbiochem). 
4 ml of TrIS extract was applied on the column. Purified 
glycoproteins were released by 500 mm glucose.

1 D - G E
The proteins were separated by 12.5 % SDS gels. SDS-

PaGE separations were performed on 16 × 14 cm gels (oWL 
SEParaTIoN SYSTEmS).The visualization was carried 
out by Coomassie Brilliant Blue r-250 (CBB).

I n - G e l  T r y p s i n  D i g e s t i o n  a n d  m a s s 
S p e c t r o m e t r y

The particular barley proteins and glycoproteins sepa-
rated by 1-D GE were subjected to in-gel trypsin digestion6. 
Peptides, obtained by trypsin digest, were analyzed by mS. 
mS experiments were carried out on an Applied Biosystems 
4700 Proteomics Analyzer mass spectrometer. α-Cyano-4-
hydroxycinnamic acid (10 mg m–1 0.1% trifluoroacetic acid/
acetonitrile (1 : 1, v/v)) was used as a matrix for maLDI-ToF 
mS analysis of peptides obtained by trypsin in-gel digestion. 
Nitrogen was used as the collision gas for mS/mS experi-
ments. Protein identification was performed by searching the 
peptide masses and mS/mS sequence stretches against the 
sequence databases using the maSCoT or ProFound search 
engines.

Results
This work was focused on the systematic proteomic 

study of barley grains. Barley was selected as a model sample 
because it contains a complex mixture of proteins and gly-
coproteins and has a lot of analogies in other plant materials. 

In general, it is not possible to identify the proteins 
without previous combination of mS with the separation 
techniques. Therefore especial attention was paid to the opti-
mization of extractions and following separation methods. 
The different extraction reagents, selected on the basis of 
osborn’s protein classification, were tested and obtained pro-
tein patterns were compared. Fig. 1. showed noticeable diffe-
rences between individual extract. The attention was focused 

Fig. 1.	 CBB	 stained	 12.5	%	 1-D	 SDS	 gel	 of	 barley	 proteins	
extracted	by	different	extraction	reagents.	Lane	1	–	molecular	
weight	markers,	Lane	2	–	aqueous	extract;	Lane	3	–	salt	extract;	
Lane	4	–	TRIS	extract,	Lane	5	–	ethanol	extract



Chem. Listy, 102, s265–s1311 (2008) Food Chemistry & Biotechnology

s710

Fig. 2.	 CBB	stained	12.5	%	1-D	SDS	gel	of	TRIS	extracts	and	
its	AC	 fractions.	 Lane	 1	 –	molecular	weight	markers,	 Lane	 2	
–	crude	TRIS	extract	(CE);	Lanes	3,	4	–	Con	A	non-bound	pro-
tein	fractions	of	TRIS	extract	(NF);	Lanes	5,	6	–	Con	A	bound	
glycoprotein	fraction	of	TRIS	extract	(BF)

on albumin/globulin fraction extracted by TrIS buffer (see 
Experimental) that is important for food industry, because the 
proteins belonging to this fraction survive malting and bre-
wing procedures and influence beer quality.

Lectin aC, one of the most effective glycoprotein isola-
tion methods, was used for other simplification of albumins/
globulins mixture and for the acquisition of fraction contai-
ning a high degree of barley glycoproteins. Since a common 
feature of plant seed glycoproteins is the presence oligosac-
charide chains having an affinity for Con A, it was used to 
enrich the fraction of barley high-mannose and hybrid-types 
N-glycoproteins having affinity for this kind of lectin. The 
particular proteins (Con A non-bound fractions) and gly-
coproteins (Con A bound fraction) were subjected to SDS-
PaGE. 1-D gel of aC fractions is shown in Fig. 2. major 
bands were cut out (Fig. 2.) and exposed to the trypsin in-
gel digestions. Extracted mixture of peptides was subjected 
to mS and mS/mS analyses. Subsequent database searching 
led to the identification of numerous groups of barley pro-
teins with molecular masses ranges from about 70 to below 
20 kDa. Their summary is shown in Table I.

Conclusions
These experiments confirmed that combination of aC, 

SDS-PaGE and maLDI-ToF mS is convenient for the 
characterization of barley (glyco)proteins. The developed 
procedures can be used for the solution of important indu-
strial (e.g. brewing) problems.

 indication indication molecular molecular accession protein name
 of gel spots of gel spots mass (theor.) mass (exp.) number
 (extract) (aC fractions) [kDa] [kDa]
 – BF66 72.5 ~  66 gi|421978 BEG1

 Ce55 nF55 57.9 ~  57 gi|38349539 β-amylase
   59.6  gi|10953877
 CE55 BF52 57.7 ~  57 gi|804656 β-Glycosidase
 CE 52 BF52 72.5 ~  55 gi|421978 BEG1
 CE43 NF43 43.3 ~  43 gi|1310677 Protein Z serpin
     p06293 protein Z
 CE36 BF36 72.5 ~  36 gi|421978 BEG1

 – BF32 31.5 ~  31 gi|15824660 Con a
   25.6  gi|72333
 CE32 NF32 30.0 ~  32 gi|132577 rrNa N-glycosidase
 CE28 NF28 28.5 ~  28 gi|116316 Endochitinase
 CE25 BF25 72.5 ~  25 gi|421978 BEG1
 

CE23 NF23 20.0–22.4 ~  23

 gi|439275 mixture of
     gi|4699834 α-amylase/subtilisin
     gi|18920 inhibitors
     gi|18916 
 – BF21 72.5 ~  21 gi|421978 BEG1
 CE16 NF16 16.1 ~  16 gi|439275 Cma-α-amylase inhibitor
 CE16 NF16 17.9 ~  16 gi|452325 Cmd-α-amylase inhibitor
 – NF16 16.7 ~  16 gi|6634471 Cme-α-amylase inhibitor
 – BF16 72.5 ~  16 gi|421978 BEG1

Table I
Identified proteins from TrIS extract and its aC fractions
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Introduction 
The selection of barley cultivar has great importance for 

the malting and brewing industries, as well as for breeders, 
because malting properties and resistance of barley plant to 
fungal or viral diseases is cultivar-dependent. Since protein 
content is one of the most important barley character related 
to malt qualities, proteomics is ideal tool for both differenti-
ation of barley cultivars and description of malting course. 
proteomic analysis usually includes some separation tech-
nique connecting with mS and the database searches. SDS-
PaGE has been commonly used as a separation step before 
mS analysis of proteins. moreover, it seems to be convenient 
tool for the study of qualitative differences between barley 
cultivar.1–3

The aim of this study was the characterization of protein 
changes and the identification of major proteins that undergo 
some modifications during malting process. For these experi-
ments two barley cultivars were selected.

Experimental
E x t r a c t i o n  o f  P r o t e i n s  f r o m  B a r l e y 
g r a i n s

Barley grains in different malting degrees (cultivar “Jer-
sey” and Km1910) were obtained from research Institute of 
Brewing and malting (Brno, Czech republic). 50 mg of sam-
ple was mixed with 1 ml of deionized water and shaken 1 hr. 
The suspension was centrifuged (10 min; 13,000 rpm). The 
supernatant containing the proteins was lyophilized.

P r o t e i n  S e p a r a t i o n
Lyophilized extracts were resuspended in 150 μl sam-

pling buffer (Laemmli Sample Buffer (Bio-rad) with β-
mercaptoethanol, 19 : 1) and denaturated (10 min, 95 °C). 
SDS-PaGE separations were performed on 15 % TrIS-HCl 
(Bio-rad) or gradient (4–20 % TrIS-HCl, Bio-rad) gels. 
The visualization was carried out by Coomassie Brilliant 
Blue (CBB) r-250, CBB G-250 and silver staining.

P r o t e i n  I d e n t i f i c a t i o n
The selected proteins separated by 1-D GE were digested 

in-gel by chymotrypsin4. obtained peptides were analyzed 
by maLDI-ToF mS (Applied Biosystems 4700 Proteo-
mics Analyzer). α-Cyano-4-hydroxycinnamic acid (CHCa; 
10 mg ml–1 0.1% trifluoroacetic acid/acetonitrile (1 : 1, v/v)) 
was used as a maLDI matrix. air was used as the collision 
gas for all mS/mS experiments. Protein identification was 

performed by searching the peptide masses and mS/mS 
sequence stretches against the sequence databases using the 
maSCoT search engine (database NCBInr).

Results
p r o t e i n  C h a n g e s  D u r i n g  m a l t i n g

Water-soluble proteins were extracted from barley 
mature grains, grains after 1–5 days of malting and from green 
and ready malt. 1-D GE was performed to obtain a complex 
characterization of changes of protein profiles during malting. 
The gradient gel (4–20 %) was used to acquire the results 
covering the largest interval of molecular masses. Since the 
demand for a protein staining (sensitivity, compatibility with 
mS) is one of the most important tasks in GE, especial atten-
tion was paid to the selection of protein visualization. Two 
types of CBB (r-250 and G-250) and silver staining were 
compared (data not shown). The best results were obtained 
with CBB-G of which using the differences between protein 
patterns during malting were distinct (Fig. 1.).

a visual inspection of gradient gel confirmed significant 
modifications observed after three days of malting at minimal 
five protein bands at molecular masses about 53 kDa, 43 kDa, 
26 kDa, and 23 kDa (see arrows in Fig. 1.). The major chan-
ges were noticed at the band with molecular mass about 
43 kDa. Therefore it was cut out, digested by chymotrypsin 
and obtained mixture of peptides was subjected to mS and 
mS/mS analyses (Fig. 2. a, b). Database searching revealed 
its identity as Protein Z (gi/131091). This protein is important 
for the brewers, because due to its posttranslational modifi-
cations (glycations) influence the sensory and technological 
properties of beer (e.g. foam).

P r o t e i n  P a t t e r n  f o r  D i f f e r e n t 
B a r l e y  C u l t i v a r s

Extracts from mature grains and malt of two different 
varieties, Jersey and Km, were separated via 15 % 1-D SDS-

Fig. 1.	 CBB-G	stained	gradient	1-D	SDS	gel	of	protein	extracts	
from	mature	grains	(Lane	2),	one	day	malting	grains	(Lane	3),	
two	 days	 malting	 grains	 (Lane	 4),	 three	 days	 malting	 grains	
(Lane	5),	 four	days	malting	grains	 (Lane	6),	five	days	malting	
grains	 (Lane	7),	green	malt	 (Lane	8)	and	ready	malt	 (Line	9).	
Molecular	weight	markers	are	in	Lanes	1	and	10
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PaGE in order to compare their protein profile. an example 
of differences in the protein pattern between cultivars is given 
in Fig. 3. The most relevant changes were observed between 
mature grains. as Fig. 3 showed, some of perceptible diff-
erences are in the protein concentrations (e.g. bands about 
40 kDa), some bands were not present in Km cultivar, others 
in Jersey (see arrows in Fig. 3.).

Conclusions
Combination of 1D-GE and maLDI-ToF mS was suc-

cessfully used for the revealing of characteristic changes in 
protein profile during malting process as well as the differen-
ces between two selected barley cultivars.

This work was supported by the project Centre for Study 
of Extract Compounds of Barley and Hop No. 1M0570, and 
Research Plan of Institute of Analytical Chemistry, Academy 
of Sciences of the Czech Republic (AV0Z40310501).
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Fig. 2.	 A)	MALDI-TOF	mass	spectrum	of	peptide	mixture	from	
in-gel	tryptic	digest	of	a	protein	band	43	kDa.	The	asterisks	(*)	
mark	peptides	coming	from	barley	z	protein	(confirmed	by	MS/
MS).	B)	Representative	MALDI-TOF	 fragmentation	 spectrum	
of	[M	+	H]+	ion	peptide	at	m/z	1086

Fig. 3.	 CBB-G	 stained	 15	%	 1-D	 SDS	 gel	 of	 protein	 extracts	
from	mature	grains	(Lane	2	–	variety	Jersey;	Lane	3	–	variety	
KM),	and	ready	malt	(Lane	4	–	variety	Jersey;	Lane	5	–	variety	
KM).	Molecular	weight	markers	are	in	Lane	1
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Introduction
Pasteurized processed cheese products are cheese-based 

food produced by comminuting, blending and melting one or 
more natural cheeses and optional ingredients into a smooth 
homogenous blend with the aid of heat, mechanical shear and 
usually emulsifying salts.

optional ingredients which are determined by the pro-
duct type include dairy ingredients, vegetables, meats, sta-
bilizers, emulsifying salts, flavours, colours, preservatives 
and water1,2. Dairy ingredients means butter, cottage cheese, 
milk concentrates (e.g. skimmed milk powder, whey powder, 
caseinates).

Chemical composition of processed cheese depends 
on a processed cheese type and raw materials used3.

although the dairy products fall into the class of so 
called non-acid foodstuffs and suitable methods must be used 
to prolong their durability, the processed cheese was pro-
posed as a part of Combat ratio. The Combat ratio serves 
for nutrition of soldiers in specific combat situations such as 
separation from a unit, battle, etc.3. There are special require-
ments for a minimum durability of individual components of 
Combat ration which has been set as 24 months depending 
on an ambient temperature4.

Practically the only method of achieving the 24 month 
durability of processed cheese is the thermo-sterilization. In 
the article the effect of a defined sterilization heating and 
storage conditions, such as temperature and time, on chan-
ges of fatty acids contents in sterilized processed cheese was 
investigated.

Experimental
Processed cheese (40 % dry matter, 45 % fat in dry mat-

ter) was manufactured following the traditional technology 
process in a selected dairy. The processing temperature was 
91 °C, total time of heating was 5 minutes. Cheeses were than 
sterilized at 117 °C for 20 minutes and then cooled down to 
10 °C in 2 hours. 

Cheese samples were stored at 6 ± 2 °C, 23 ± 2 °C and 
40 ± 2 °C during 24 month. 

E x t r a c t i o n  o f  F a t 
The cheese sample (5.0 g) was heated with 15 ml of 

hydrochloric acid in boiling water bath until it dissolves and 
then still 20 minutes. 

Ethanol (15 ml), diethyl ether and petrol ether (both 
30 ml), were added into stirred mixture after cooling down. 
Closed flask was shaken and then allowed to separate the 
water and organic phases. The upper (organic) phase was dis-
placed by the pipette to dried weighed flask. Next the water 
phase was reextracted with 15 ml of diethyl ether and 15 ml 
of petrol ether two times. 

The rest of organic solvent was evaporated in 60 °C 
water bath (to dispose smell). Flask with fat sample was dried 
at 105 °C for one hour1.

m e t h a n o l  E s t e r i f i c a t i o n  m e t h o d
The fat sample (5.0 g) was saponified with 50 ml metha-

nolic solution of potassium hydroxide (c = 0.5 mol dm–3) for 
30 minutes in distilling flask with condenser and was esteri-
fied after neutralization by sulphuric acid on methyl orange 
for 30 minutes again. 

after cooling methyl esters were shaken with 10 ml 
of heptane three times. The extract was dried by anhydrous 
sodium sulphate and filtered to a 50 ml volumetric flask 
again. Both heptane portions were rinsed with 20 ml of water 
twice. The extract was dried by anhydrous sodium sulphate 
and filtered to a 50 ml volumetric flask and filled up to the 
mark with heptane5.

g C  a n a l y s i s
Prepared heptane methyl esters solutions were injected 

to gas chromatograph using autosampler.
GC conditions: gas chromatograph TraCE GC (Ther-

moQuest Italia S. p. a., I) equipped with flame ionization de-
tector, split/splitless injector and capillary column SPTm 2560 
(100 m × 0.25 mm × 0.2 μm) with the temperature programme 
60 °C held for 2 min, ramp 10 °C min–1 up to 220 °C, held for 
20 min. The injector temperature was 250 °C and the detector 
temperature was 220 °C. The flow rate of the carrier gas N2 
was 1.2 ml min–1.

Results
This work deals with the fatty acids included in pro-

cessed cheese. The most abundant fatty acids such as lauric, 

Fig. 1.	 Influence	 of	 the	 storage	 time	 on	 the	 amount	 of	 fatty	
acids	(cheeses	stored	at	6	±	2	°C)	(mg	g–1of	cheese)
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myristic, palmitic, stearic and oleic acid were elected like 
markers of changes during storage. The differences between 
amounts of these fatty acids depending on the storage tempe-
rature and time of storage were observed in this experiment. 

In the Fig. 1 there are showed the differences between 
the processed cheeses stored at 6 ± 2 °C. By the increasing 
time of storage the amouths of elected fatty acids decrease. 
This can be explained by autooxidation process which can 
not be averted. 

Since the first months the volume of fatty acids decrea-
sed with the temperature. In the Fig. 2. we can see differences 

between the cheeses stored for 23 months at different conditi-
ons. The temperature promotes the oxidative process. 

Conclusions
The changes of fatty acids inclued in sterilized pro-

cessed cheeses during storage were observed in these expe-
riments. The cheeses were stored at different conditions for 
the 24 months.

We can conclude that the storage conditions signifi-
cantly influence the content of individual fatty acids in chee-
ses. The contents of fatty acids in cheeses decreased as the 
consequence of longer time and higher temperature of sto-
rage. This fact can be probably caused by oxidation reactions 
of cheese fat.
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Fig. 2.	 Differences	 between	 amounts	 of	 fatty	 acids	 in	 chee-
ses	 stored	 at	 different	 temperature	 (storage	 time	 23	months)		
(mg	g–1of	cheese)
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Introduction
Presence of reactive oxygen Species (roS) negatively 

affects the sensory stability of beer, thus, final quality of beer 
is related to its antioxidant activity. antioxidant content in 
beer is substantially dependent on anti-oxidative activity of 
the primary raw materials – barley and malt. In barley antio-
xidants prevent the undesirable and generally negative chan-
ges of grain quality during the cropping and stocking. Gene-
rally, antioxidants can act against roS by radical trapping, 
by inhibition of their formation or by decreasing of their ef-
fects. Complex antioxidant system acts as a well-coordinated 
complex of low molecular weight- and enzyme antioxidants. 
In barley antioxidant enzymes are represented mainly by 
superoxide dismutase, catalase and peroxidase.

Superoxide dismutase (SoD) is the main antioxidative 
enzyme in plant cells, where it stands for catalyse of dismuta-
tion of superoxide to dioxygen and hydrogen peroxide. This 
hydrogen peroxide is subsequently decomposited to dioxy-
gen and water; catalases and peroxidases stand in this reac-
tion as catalyzators.

In this work the influence of selected biological and che-
mical factors on superoxide dismutase and catalase activity 
in barley and malt were studied. as the part of the work was 
the optimalization of enzyme activity determination methods 
associated.

Methods
S a m p l e s  o f  B a r l e y  a n d  m a l t

The enzyme activities were studied in two sets 
of 24 samples (6 barley varieties – Bojos, Jersey, malz, rade-
gast, Sebastian and Tolar, cultivated on 4 localities – Brani-
šovice, Hrubčice, Lednice and Krásné Údolí): the first set 
treated by standard spraying, the second was not treated. The 
malts originated from these samples were analysed using the 
same methods as for barley grain analysis.

D e t e r m i n a t i o n  o f  S u p e r o x i d e 
D i s m u t a s e

The modified method using the diagnostic kit raNSoD 
(randox Laboratories, UK) was used for superoxide dismu-
tase activity determination. This method employs xanthine 
oxidase to generate superoxide radicals, which react with 
2-(4-iodophenyl)-3-(4-nitrophenol)-5-phenyltetrazolium 

chloride forming a formazan dye. The superoxide dismutase 
activity is then calculated by the degree of this reaction’s 
inhibition.

Because the original method was developed for supero-
xide dismutase determination from human blood, the modifi-
cation for SoD analysis in barley and malt consists in extract 
preparation from smashed and homogenized samples (Bel-
credi at al., 2006): The sample is grinded and compounded 
in distilled water at 45 °C. The mixture is compounded for 
15 minutes in the tub at the same temperature of water bath. 
after half-hour chilling the mixture is filtered. The filtrate 
is analysed for SoD activity according to the raNSoD kit 
manual.

D e t e r m i n a t i o n  o f  C a t a l a s e
The most frequently used method for catalase activity 

determination (Bergmeyer, 1970) modified by Góth (1991) 
was used in this work. Góth’s modification is based on fact, 
that the catalytic action of catalase could be stopped by addi-
tion of ammonium molybdate forming stable coloured com-
plex with hydrogen peroxide.

Grinded sample is mixed with phosphate buffer at 
pH = 7.0 and than is this mixture compounded for one hour 
at the temperature of 5 °C. after subsequent centrifuging  
is supernatant filtered and used for analysis: hydrogen pero-
xide (at 12 mmol dm–3 concentration) is added to specimen 
and after 1.5 minutes is also added ammonium molybdate 
(at 16.2 mmol dm–3 concentration). The absorbance of formed 
yellow complex is measured at 375 nm. The concentration of 
remaining hydrogen peroxide is observed at calibrating curve. 
Calculated amount of used hydrogen peroxide (in mmol min–1)  
agree with catalase activity (in U-units).

Results
SoD activity determination in chosen samples of barley 

and malts shows significant differences. The highest values 
of SoD activity were obtained in Bojos variety samples, the 
lowest in radegast variety; concerning locality differences 
the highest values were founded in Branišovice.

activity of catalase is corresponding with SoD activity 
– also these values were the highest namely for Bojos variety 

Table I
SoD and catalase activity (U g–1 of dry matter) in barley and 
malt, depending on the localities

 Locality treatment SoD activity Catalase activity
   Barley malt Barley malt
 Branišovice non-treated 120 143 114 166
  treated 128 149 115 148
 Hrubčice non-treated 108 129 116 118
  treated 116 118 116 120
 Krásné non-treated 112 109 78 92
 Údolí treated 97 106 71 85
 Lednice non-treated 90 119 86 105
  treated 86 117 90 138
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and field in Branišovice; the lowest values were observed in 
malz variety. Used method for catalase activity determination 
shows itself to be easy and quick. above referred method was 
slightly modified for this work’s purposes: original concen-
tration of ammonium molybdate (32.4 mmol dm–3) recorded 

non-linear dependence on analyzed hydrogen peroxide deple-
tion, therefore it had to be halved, and hence the absorbance 
of formed yellow complex is measured at 375 nm instead of 
original 405 nm.

This work has been supported by project MSM 
6019369701.
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Table II
SoD and catalase activity (U g–1 of dry matter) in barley and 
malt, depending on the varieties

 variety SoD activity Catalase activity
  Barley malt Barley malt
 Bojos 128 133 114 140
 Jersey 114 127 109 135
 malz 93 126 97 110
 radegast 92 113 107 123
 Sebastian 110 127 113 115
 tolar 106 116 110 112
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Introduction
Fats and oils contain unsaturated fatty acids bound with 

triacyglycerols. Plant oils consist of polyunsaturated fatty 
acids which are susceptible for oxidation (Pokorný, 2001).

Colza oil is low in saturated fatty acids content (6–8 %), 
but is source of linolenic acid, oleic acid (60 %), and has 
favourable ratio of n-3 and n-6 fatty acids. 

By the influence of higher temperatures the fat is decom-
posed. Chemical and physical changes of fat during frying 
cause an increase of fat viscosity, free fatty acids content, 
color changes, decrease of iodine value, and tendency to foa-
miness of fat (venskutonis et al., 2000, Salková, 2002).

The aim of this work was evaluation of the influence of 
storage time on fat stability in rapeseed (oxidation changes 
of fat fraction).

m a t e r i a l  a n d  m e t h o d s
rapessed was stored in silo. Samples (15 kg) were con-

tinuosly taken and analysis were performed - at the begining 
of storage (after harvest), during the storage and at the end 
of storage time. rapeseed was stored in Poľnonákup Hont in 
Hontianske Nemce, as the mixture of variants. analysis were 
performed at Department of Plant Processing and Storage, 
Faculty of Biotechnology and Food Sciences (SUa Nitra), 
then at Slovak agricultural research Centre in  nitra and 
at Food research institute, Biocenter modra. results are pre-
sent from 3 years of observations (2003–2005).

m e t h o d s
Determined parameters of the rapeseed quality were the 

content of dry matter by Slovak Technical Standard (STS 
560116), ash content (combustion at 900 °C), fat content 
(STS 560116), peroxide value (STS 580130), iodine value 
(by Hanuš), acid value (STS 580130), thiobarbituric value 
(distilling method), nitrogen compounds (by Kjeldahl). Fatty 
acids representation (chromatographically) was determined 
as follows: myristic, palmitic, palmitoleic, stearic, oleic, lino-
leic, linolenic, arachidonic, behenic and erucic.

Terms of samplings:
year 2003:1st july 10, 2003, 2nd october 12, 2003,  
3rd January 15, 2004, 4th april 20, 2004
year 2004: 1st august 23, 2004, 2nd october 28, 2004, 3rd 
January 24, 2005, 4th april 20, 2005
year 2005: 1st august 10, 2005, 2nd November 15, 2005, 
3rd February 15, 2006, 4th may 20, 2006

•

•

•

Results	and	Discussion
mean dry matter content varied from 94.34 % (2005) to 

94.81 % (2003). Higher content of dry matter is important 
point for storage stabilize. In term of rapeseed storage it is 
important to take into account that water is situated in the 
hydrophilic part of the seeds, in the direction to the skin. In 
the middle of the seed there is the fat.

Nutritional compunds were found to be stabile. mean 
nitrogen compounds were determined more than 22.42 %. 
mean ash content of the rapeseed was 3.83 %, ranged from 
3,65 (2004)–3,93 % (2003).

E v a l u a t i o n  o f  o x i d a t i v e  C h a n g e s 
i n  L i p i d  F r a c t i o n  o f  r a p e s e e d

mean fat content ranged from 43.16 (2003) to 45.52 % 
(2004). Linhart (2006) declared that colza oil was for its 
benefits on immune system evaluated more favourable than 
the rest of edible oils. Biodiesel production from rapeseeds 
makes this more preferable compared to another oils. Both 
advantages increased the price of rapeseed.

Peroxide value is optimal up to 10 mmol o2 kg–1. 
our mean results showed 2.4 mol o2 kg–1. acid value was 
more than 2 mg Koh g–1 of fat (2.28 mg KoH g–1 fat). 
according to the STS (46 2300-2) acidity of rapeseed during 
the storage got higher during the years 2004–2005. Higher 
content of free fatty acids can cause problems with oil refi-
ning.

mean iodine value was 102.3, then this fat can be classi-
fied as semi-drying. Thiobarbituric value is desired to be low 

Table I
oxidative changes of lipid fraction of rapeseed during the 
storage

 
rape Fat

 Peroxide 
acid value

 Thiobarbituric
 

seed [%]
 value 

[mg Koh g–1]
 value

   [mmol  [mg
   o2 kg–1]  mDa kg–1]
   2003
 1. 39.83 2.90 1.77 0.081
 2. 44.83 3.71 1.75 0.088
 3. 44.80 3.87 1.77 0.092
 4. 43.16 3.85 1.79 0.096
 mean 43.16 3.58 1.77 0.089
   2004
 1. 45.20 1.82 2.02 0.058
 2. 44.18 2.21 3.19 0.056
 3. 46.50 3.08 3.09 0.066
 4. 46.20 3.75 3.20 0.063
 mean 45.52 2.72 2.86 0.061
   2005
 1. 42.63 1.72 1.95 0.043
 2. 43.60 1.95 1.95 0.051
 3. 44.15 1.98 2.42 0.056
 4. 44.26 2.24 2.52 0.064
 mean 43.66 1.97 2.22 0.053
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during the storage, our mean value (0.0068 mg mDa kg–1) 
showed the stability in oxidative changes (Table I).

The highest representation of fatty acids was found 
at oleic acid content (61.658 %), followed by linoleic acid 
(24.112 %) and  linolenic (6.690 %). mean content of erucic 
acid was found 0.399 %.

Conclusion
Storage conditions affect quality of raw materials. We 

can conclude that during observed years were not found any 
important oxidative changes in fat of rapeseed, seems due to 
optimal conditons during its storage.
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Introduction
Honey belongs to the oldest delicacies of natural origin. 

moreover, honey contains many biologically active substan-
ces with positive effect on human health. This work was 
focused on study of antioxidant content, enzyme activities, 
protein and saccharide composition in 26 sorts of honey, 
which differed in geographical and botanical origins. Several 
qualitative as well as quantitative parameters were determi-
ned with the aim to contribute to identification of these com-
pounds which could be considered as markers of the floral 
origin of honey.

Material	and	Methods
26 samples of honey, one sample of propolis and one 

sample of royal jelly were analyzed. Honey were harvested in 
year 2006 and 2007 and bought in retail chain, special shops 
and directly from bee-keeper. The study was focused on ana-
lysis of antioxidants. Followed groups of antioxidants were 
determined: flavonoids, catechins, carotenoids, vitamins E, 
C, a. authenticity of quality were determined by hydroxy-
methylfurfural analysis.

a c t i v e  S u b s t a n c e s  a n a l y s i s
Total phenolics were analyzed colometrically with Folin 

Ciocalteu reagent (750 nm). Total flavonoid content was ana-
lyzed colometrically with NaNo2 + alCl3 (510 nm).total 
antioxidant capacity was measured by randox kit. 

Individual flavonoids were analyzed by rP- HPLC/
Uv-vIS method. Using extrenal standards concentration 
of ((-)catechin, catechin gallate, chlorogenic acid, epicate-
chin, morin, quercetin, rutin was done. Samples (20 μl) were 
injected into the rP-18 column (Biospher PSI 200 C18, 7 μm, 
150 mm × 4.6 mm). mobile phases were methanol/water 
(55 : 45) for catechins and methanol/acetonitrile/water + 1% 
phosporic acid (20 : 30 : 50) for flavonoid analysis. The flow 
rate was maintained at 0.75 ml min–1 , analysis was performed 
at 30 °C. Carotenoids (beta-carotene, lycopene, luteine) were 
analyzed by rP-HPLC with spectrophotometric detection 
using Hypersil C18, 5 μm, 250 mm × 4.6 mm column, isocra-
tic elution by methanol at the flow rate 1.1 ml min–1 and at 
45 °C.

Identifiaction of individual flavonoids and catechins was 
performed by on-line LC/mS/ESI analysis (mass spectrome-
ter LCQ advantage max). optimalization of mass spectro-
metry analysis in negative mode was done using chlorogenic 
acid. Samples of beer were mixed with 5 times higher amount 
of 2% HCl and extracted by SPE (amid-2 column). Isocratic 
elution was performed by mobile phase acetonitrol:1% ace-
tic acid 50 : 50 at flow rate 0.4 ml min–1 at 30 °C. Individual 
components were detected in full scan module. 

ascorbic acid was determined usin rP-HPLC on Hyper-
sil aPS-2, NH2, 5 μm, 150 mm × 4.6 mm column. Samples 
were stabilized by 2% HPo3, 20 μl was injected. mobile 
phase was natrium acetate/acetonitrile (95 : 5). analysis was 
performed at flow rate 0.6 ml min–1 and 30 °C. microtitration 
metod with 2,6-dichlorindofenol was used as comparative 
mthod too. The end point of titration was determined by pink 
colour.

5 - h y d r o x y m e t h y l f u r f u r a l  a s s a y
Concentration of 5-HmF was analyzed by rP- HPLC/

Uv-vIS method using external calibration. Honey extracts 
(20 μl) were injected into the rP-18 column (Kromasil C18, 
7 μm, 150 × 4.6 mm). Isocratic elution was performed by 
mobile acetonitrile/water + 1% acetin acid (3:97). The flow 
rate was maintained at 1 ml min–1 , analysis was performed at 
30 °C, Uv detection was done at 284 nm.

S e n s o r y  a n a l y s i s
a group of 21 respondents were enrolled into orienta-

tion sensory study. They tested several fruit tea and evaluated 
basic sensory parameters. The droup of respondents was divi-
ded into two age-different groups:

seniors: total 13, age 68.5 ± 7.16; 10 F/3 m,
juniors: total 8, age 27.13 ± 3.63; 6 F/2 m.

additionally, consumer questionnaire was completed 
by 35 student respondents. Preferences and consumption of 
dried fruit and cereal bars were evaluated.

Results
average values of total antioxidant capacity ranged 

(12.75–137.49) mmol 100 g–1. average values of total phe-
nolic ranged (8.51–61.34) mg 100 g–1 and average values 
of total flavonoids ranged (0.75–6.04) mg 100 g–1. honey 
samples contained (41.83–585.10) µg 100 g–1 of rutin, (9.30–
313.40) µg 100 g–1 of myricetin, (6.5–171.90) µg 100 g–1 
of luteolin, (3.19–436.37) µg 100 g–1 of quercetin, (2.10–
242.66) µg 100 g–1 of apigenin, (0.15–105.12) µg 100 g–1 
of caempferol and (0.07–17.52) mg 100 g–1 of naringe-
nin. From group of catechins there were measured (5.98– 
310) µg 100 g–1 of catechin, (17.77–486.29) µg 100 g–1 of 
epicatechin, (0.18–64.90) µg 100 g–1 of catechin gallate 
and (0.59–140.56) µg 100 g–1of epicatechin gallate. From 
lipophilic compounds the most abundant in honey samples 
was tocopherol, its value ranged (29.20–8531.17) µg 100 g–1.  
 

•
•
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ascorbate content ranged (0.65–4.65) mg 100 g–1. Content of 
hydroxymethyl furfural ranged (0.26–4.06) mg 100 g–1.

By LC/mS method luteolin, naringenin, protocatechin 
acid, coffee acid and p-cumaric acid in honeydew were de-
tected and, furthermore, kyanidin and pinocembrin in floral 
honey were found.

mono-floral honey contained biologically active com-
pounds the most, imperceptibly less contained multi-floral 
honey and honeydew honey. acacia honey contained the 
lowest amount of biologically active compounds.

Conclusions
according to our analytically obtained data there is 

no possible to say which kind of honey (meadow or forest) 
exhibited more beneficial health effect. It seems that honey 
quality is more significantly influenced by processing and 
storage conditions than by honey origin alone.

rEFErENCES
 1. Fallico, B., Zappala, m., arena, E., verzera, a.: Food 

Chem. 85, 305 (2004).

Table I
Total antioxidant activity of several kinds of honey

 Honey kind TaS [mmol 100 g–1]
 linden 45.01  ±  0.51
 floral (whisked) 2007 26.86  ±  0.38
 floral (whisked) 2006 51.34  ±  0.61
 sunflower 55.76  ±  0.58
 rape (natural) 16.51  ±  0.31
 rape (pasted) 40.23  ±  0.50
 meadow (floral)
 (supermarket 1) 

22.31  ±  0.35

 forest (floral mixed)
 (supermarket 1) 

37.84  ±  0.49

 meadow (floral)
 (supermarket 2) 

16.20  ±  0.30

 forest
 (supermarket 2) 

44.61  ±  0.48

 thyme and herbal 55.04  ±  0.58
 acacia 16.73  ±  0.32
 royal jelly in honey 3,118.93  ±  11.02
 meadow (meadow flora) 21.99  ±  0.34
 eucalyptus 62.14  ±  0.67
 meadow 47.09  ±  0.44
 acacia 33.28  ±  0.45
 orange flower honey 12.75  ±  0.29
 cereal 58.63  ±  0.55
 raspberry leaves 40.20  ±  0.42
 Floral – bee-keeper 146.68  ±  1.28
 honydew 137.49  ±  1.16
 royal yelly 198.62  ±  1.33
 propolis 57,355.93  ±  300.42

Table II
5-HmF concentration in several kinds of honey

 Honey kind 5-HmF [mg 100 g–1]
 linden 0.24  ±  0.00
 floral (whisked) 2007 0.52  ±  0.01
 floral (whisked) 2006 1.46  ±  0.00
 sunflower 3.09  ±  0.00
 rape (natural) 0.23  ±  0.01
 rape (pasted) 0.38  ±  0.00
 meadow (floral)
 (supermarket 1) 

0.26  ±  0.00

 forest (floral mixed)
 (supermarket 1) 

0.20  ±  0.00

 meadow (floral)
 (supermarket 2) 

1.79  ±  0.01

 forest
 (supermarket 2) 

0.88  ±  0.00

 thyme and herbal 0.89  ±  0.02
 acacia 4.06  ±  0.00
 royal jelly in honey 0.76  ±  0.01
 meadow (meadow flora) 0.56  ±  0.00
 eucalyptus 1.64  ±  0.01
 meadow 1.13  ±  0.00
 acacia 1.63  ±  0.00
 orange flower honey 0.73  ±  0.00
 cereal 2.09  ±  0.01
 raspberry leaves 0.66  ±  0.00
 Floral – bee-keeper 0.38  ±  0.00
 honydew 0.50  ±  0.02
 royal yelly 0.41  ±  0.00
 propolis 0.54  ±  0.01
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Introduction
Cereal products form important par of human nutrition. 

They contain high amount of saccharides, proteins, fiber, 
vitamins, minerals and other nutrients. there are many stu-
dies about benefitial healt effect of cereals in prevention of 
cardivascular diseases, cancer and hyperlipidaemia. at this 
time cereals are recommended mainly in the form of complex 
natural saccharides digested for a long time. many cereals are 
mixed with other components as cocoa, nuts, seeds, hioney, 
chocolade, and also dried fruit. addition of several kinds of 
dried fruit could enhance beneficial effect of cereal product.

In this work some biologically active substances in dried 
fruit, fruit teas and cereal products were analyzed.

Material	and	Methods
8 kinds of fruit teas (apple, pear, black currant, lemone, 

cherry etc.) were erolled into this study. 14 kinds of dried fru-
its were analyzed (apple, pear, plum, berries, tropical kinds 
etc). 9 kinds of cereal müsli bars with addition of dried fruit 
(e.g. berries, bear, apple, pear, plum, orange etc.) were ana-
lyzed too. 

a n t i o x i d a n t  a n a l y s i s
Total phenolics were analyzed colometrically with Folin 

Ciocalteu reagent (750 nm). Total flavonoid content was ana-
lyzed colometrically with NaNo2 + alCl3 (510 nm).total 
antioxidant capacity was measured by randox kit. 

Individual flavonoids were analyzed by rP-HPLC/
Uv-vIS method. Using extrenal standards concentration 
of ((–)catechin, catechin gallate, chlorogenic acid, epicate-
chin, morin, quercetin, rutin was done. Samples (20 μl) were 
injected into the rP-18 column (Biospher PSI 200 C18, 7 μm, 
150 mm × 4.6 mm). mobile phases were methanol/water 
(55 : 45) for catechins and methanol/acetonitrile/water + 1% 
phosporic acid (20 : 30 : 50) for flavonoid analysis. The flow 
rate was maintained at 0.75 ml min–1 , analysis was performed 
at 30 °C. Carotenoids (beta-carotene, lycopene, luteine) were 
analyzed by rP-HPLC with spectrophotometric detection 
using Hypersil C18, 5 μm, 250 mm × 4.6 mm column, iso-
cratic elution by methanol at the flow rate 1.1 ml min–1  
and at 45 °C.

Identifiaction of individual flavonoids and catechins was 
performed by on-line LC/mS/ESI analysis (mass spectrome-
ter LCQ advantage max). optimalization of mass spectro-

metry analysis in negative mode was done using chlorogenic 
acid. Samples of beer were mixed with 5 times higher amount 
of 2% HCl and extracted by SPE (amid-2 column). Isocratic 
elution was performed by mobile phase acetonitrol:1% ace-
tic acid 50 : 50 at flow rate 0.4 ml min–1 at 30 °C. Individual 
components were detected in full scan module.

ascorbic acid was determined usin rP-HPLC on Hyper-
sil aPS-2, NH2, 5 μm, 150 mm × 4.6 mm column. Samples 
were stabilized by 2% HPo3, 20 μl was injected. mobile 
phase was natrium acetate/acetonitrile (95 : 5). analysis was 
performed at flow rate 0.6 ml min–1 and 30 °C. microtitration 
metod with 2,6-dichlorindofenol was used as comparative 
mthod too. The end point of titration was determined by pink 
colour.

a n t i m u t a g e n i t y  a s s a y
test strain Saccharomyces cerevisiae D7 was used for 

antimutagenic effect trstiny. The frequency of spontaneous 
convertants at the tryptophan locus (trp5-12/trp5-27) and 
revertants at the isoleucine locus (ilv-1-92/ilv1-92) was 
tested. In each assay positive and negative controls were 
included. For positive controls 4-nitroquinoline-1-oxide was 
used as standard mutagen. Experiments were carried out by 
1-day treatment of the growing cells with tested samles. af-
ter treatment the cells were washed with with phosphate buf-
fer and plated on a solid medium. after 5-days cultivation 
at 28 °C Ile-revertants and Trp-convertants colonies were 
counted. Five consecutive experiments were performed.

S e n s o r y  a n a l y s i s
a group of 21 respondents were enrolled into orienta-

tion sensory study. They tested several fruit tea and evaluated 
basic sensory parameters. The droup of respondents was divi-
ded into two age-different groups:

seniors: total 13, age 68.5 ± 7.16; 10 F/3 m,
juniors: total 8, age 27.13 ± 3.63; 6 F/2 m.

additionally, consumer questionnaire was completed 
by 35 student respondents. Preferences and consumption of 
dried fruit and cereal bars were evaluated.

Results
analysis of dried fruits showed high level of vitamins 

and phenolics mainly in berries. High level of carotenoids 
was observed in dried apricots and plums. High antioxidant 
activity was found mainly in dried apples, cranberries and 
blueberries (Table I).

The highest content of total phenolics, total flavonoids, 
total antioxidant capacity, procyanidin B2 and chlorogenic 
acid was measured in plums and blueberry bars (Table II). 
The highest level of reduced saccharides was evaluated in 
raspberry and cereal bars.

Higher antixidant content was found in herbal teas than 
in fruit teas. Comparing bag teas with loose leaf teas higher 
antioxidant activity was shown in loose leaf teas. In all tea 
samples catechins – catechin, epicatechin, epicatechin gallate 

•
•
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and other flavonoids – rutin, morin, quercetin, kaempferol, 
myricetin and luteolin were determined. In most of teas high 
level of catechin and rutin was detected. Higher vitamine C 
level was found in most of fruit teas and in rose hip tea.

High antimutagenic activity exhibited dried cranberries 
and blueberries. most of tested dried fruits with high anti-
mutagenic effect exhibited also high antioxidant activity as 
well as high content of some antioxidants. No direct correla-
tion was found among these parameters. High antimutagenic 
activity showed most of fruit teas, mainly pear tea. 

During long-term storage of fruit teas (1 year, 20 °C, 
darkness) a significant decrease of all analyzed antioxidant 
parameters was followed.

Conclusions
In this work selected kinds of dried fruit, fruit teas and 

cereal fruit bars were compared. The hioghest values of active 
substances were found in dried berries, apples and apricote. 
Similarly, the highest amount of antioxidant substances was 
found in cereal bars with berries. Cereal part of bars exhibited 
also important contribution to total antioxidat activity. In fruit 
teas similar content of active substances was found because 
of identical basic composition of most teas (apple, rose hip, 
ibis).

It can be concluded that cereal products, dried fruit ant 
their mixtures could be important foods recommended for 
modern human nutrition

Table I
Total antioxidant activity of dried fruit

 Dried fruit TaS [mmol dm–3]
 apple 123.194  ±  1.280
 pear 55.020  ±  0.440
 apricot 37.380  ±  0.480
 plum 56.640  ±  0.980
 cherry 54.998  ±  3.840
 blueberry 92.396  ±  3.570
 cranberry 87.996  ±  4.280
 strawberry 59.874  ±  1.350
 raisin 82.862  ±  1.280
 date 40.456  ±  1.257
 fig 28.342  ±  1.100
 pineapple 46.198  ±  2.560
 mango 1.1568  ±  0.230
 papaya 17.9304  ±  0.985

Table II
Total antioxidant activity of cereal bars with dried fruit

 Fruit cereal bar TaS [mmol dm–3]
 plum 8.15  ±  1.28
 apple 4.02  ±  0.64
 apricot 5.26  ±  0.75
 raspberry 4.96  ±  0.52
 tropical 2.85  ±  0.48
 blueberry 8.76  ±  1.76
 pear 6.24  ±  1.02
 mixed 6.45  ±  1.14
 orange 6.02  ±  0.96
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Introduction
The healthful and nutritive properties of beer have been 

recognized by the medical profession for thousands of years. 
Clinical and statistical evidence and laboratory studies have 
shown that active substances in beer could influence immune 
system, block cancer formation, protect against coronary 
disease and even prolong life. Total benefitial effect of beer 
and malt samples is a result of many individual contributions 
of natural substances present in such complicated biological 
material.

Within the last few years, development of modern instru-
mental analytical methods has gained increasing importance 
in authenticity control of food and food ingredients. The 
characterization of beer samples has a lot of interest because 
their composition can affect the taste and stability of beer and 
consumer health. many substances could contribute to final 
taste of beer. To the most important probably belong proteins 
and phenolic substances.

Polypeptides and proteins that influence, direct or indi-
rectly, beer foam quality are protein Z, LTP1 and hordein/glu-
telin fragments, which originated from malt and have a direct 
influence on beer foam quality. other proteins, like malt 
hordeins and albumins and wheat are, to some degree, also 
important for beer quality. Protein hydrophobicity is pointed 
out as a key parameter to enhance foam quality. Electrophore-
tic, chromatographic and immunological analytical methods 
are currently used to study polypeptides and proteins present 
in barley, malt, wort, beer, and foam. Best results are obtained 
when combinations of these methods are applied.

The aim of this pilot study is to compare composition 
and to find specific and/or characteristic components in seve-
ral kinds of beer, malt and other brewing materials.

Material	and	Methods
13 samples of several types of malt (2 × Czech malt, 

2 × German malt, 2 × carapils, 2 × caramel, 3 × dark-cara-
mel, 2 × wheat) were gained from malting Institute in Brno. 
10 kinds of analyzed beer samples were obtained from retail 
chain, additional 6 samples of Czech beer were gained from 
breweries.

a n t i o x i d a n t  a n a l y s i s
Total phenolics were analyzed colometrically with Fo-

lin Ciocalteu reagent (750 nm). Total flavonoid content was 
analyzed colometrically with NaNo2 + alCl3 (510 nm).total 
antioxidant capacity was measured by randox kit. 

Individual flavonoids were analyzed by rP-HPLC/
Uv-vIS method. Using extrenal standards concentration of 
((-)catechin, catechin gallate, chlorogenic acid, epicatechin, 
morin, quercetin, rutin was done. Samples (20 μl) were in-
jected into the rP-18 column (Biospher PSI 200 C18, 7 μm, 
150 mm × 4.6 mm). mobile phases were methanol/water 
(55 : 45) for catechins and methanol/acetonitrile/water + 1% 
phosporic acid (20 : 30 : 50) for flavonoid analysis. The flow 
rate was maintained at 0.75 ml min–1 , analysis was performed 
at 30 °C. Carotenoids (beta-carotene, lycopene, luteine) were 
analyzed by rP-HPLC with spectrophotometric detection 
using Hypersil C18, 5 μm, 250 mm × 4.6 mm column, iso-
cratic elution by methanol at the flow rate 1.1 ml min–1 and 
at 45 °C.

Identifiaction of individual flavonoids and catechins was 
performed by on-line LC/mS/ESI analysis (mass spectrome-
ter LCQ advantage max). optimalization of mass spectrom-
etry analysis in negative mode was done using chlorogenic 
acid. Samples of beer were mixed with 5 times higher amount 
of 2% HCl and extracted by SPE (amid-2 column). Isocratic 
elution was performed by mobile phase acetonitrol:1% ace-
tic acid 50 : 50 at flow rate 0.4 ml min–1 at 30 °C. Individual 
components were detected in full scan module. 

1 D  g e l  e l e c t r o p h o r e s i s
1D PaGE-SDS electrophoresis of proteins was carried 

out by common procedure using 15% and 17.5% polyacryla-
mide gels. Proteins were staining by Coomassie Blue and by 
silver staining. For comparison, microfluidic technique using 
1D Experion system (Biorad) and P260 chips was used for 
yeast protein analysis too.

2 D  G e l  E l e c t r o p h o r e s i s  a n d  L C -
m S / m S

2D electrophoresis of proteins was optimized in coope-
ration with Laboratory of Functional Genomics and Proteo-
mics, Faculty of Science, masaryk University of Brno. 2D 
gels were obtained using protein preparatives isolated from 
lyophilized cells. after optimization of separation conditions 
proteomes from lyophilized beer samples were analyzed. 
Quantitative analysis was done using Biorad Laboratories 
2D software. Identification of some spots was done using 
LC-mS/mS.

Results
The content of total phenolics in malt was about 1.4 × 

higher than in wort and hop wort and 1.5–2.5 × higher than 
in beer samples. Phenolic content decreased in sequence dark 
caramel – caramel – Czech – German – wheat malt. The main 
flavonoid detected in most of malt and wort samples was (–) 
catechin followed by rutin and quercetin. Czech malt con-
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tained about 14 µg g–1 of (–)catechin, 2 μg g–1 of rutin and 
1.4 μg g–1 of caempherol, while wort contained about 5x 
higher (–)catechin level. The ration of individual flavono-
ids changed with malting temperature. Levels of flavonoids 
changed similarly as phenolic content. TaS levels were seve-
ral times higher in dark types of malt than in wheat or Czech 
malt.

Barley and malt proteins are relatively well-documented 
and their analysis belongs to commercially used tests for bar-
ley variety authenticity. Beer proteome has been not studied 
in detail. In this work main protein fractions (40 kDa, lower 
than 8–10 kDa, peptides – see Fig. 1. and Fig. 2.) were deter-
mined in lyophillized beer samples. Pilot 2D electrophoretic 
analysis of some beer samples was done mainly for optimiza-
tion of analysis conditions.

Conclusions
The aim of presented pilot study was to use modern 

techniques to qualitative and quantitative analysis of charac-
teristic components of Czech beer. one of the main goals is 
separation and analysis of specific proteins and peptide frag-
ments and changes of their content during beer processing. 
Based on analysis of barley variety purity using standard 1D 

PaGE-SDS detailed characteristics of proteins by microflui-
dic techniques, 2D-electrophoresis, LC/ESI-mS, LC/mS/
mS was tested. Further aim was qualitative and quantitative 
analysis of individual phenolics in Czech beer by chroma-
tographic techniques (rP-HPLC, LC/mS). all analyses will 
be performed in several kinds of Czech beer in comparison 
with beers processed by different technology. all results will 
be compared to obtain a set of parameters suitable to final 
characterization of Czech beer. This set could be used in food 
control to authenticity assesment of Czech beer.

This work was supported by projects 2B08057 (National 
Research Program II) of the Ministry of Education, Youth and 
Sports of the Czech Republic and QH81056 of the Ministry of 
Agriculture of the Czech Republic.
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Fig. 1.	 1D	PAGE-SDS	analysis	of	beer	proteins.	1	–	standard	6	
(97.4,	67.0,	45.0,	29.0,	21.0,	12.5,	6.5	kDa;	3-7	–	proteome	from	
lyofilized	beer;	9	–	 standard	5	 (29.0,	21.0,	12.5,	6.5	kDa);	10	–	
standard	6

Fig. 2.	 Microfluidic	1D	electrophoresis	of	beer	proteins
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Introduction
Cereals grains are one of the main sources of tocopherols 

(Ts) for humans1. These compounds are recognized for their 
inhibition of lipid oxidation in biological systems and each 
isomer shows , to a different extent, vitamin E activity in the 
order α – T > β – T > γ – T > δ – T(ref.2). the interest in the 
relationship between Ts and fatty acids (Fa) is outlined by 
the fact that fats are carriers for Ts and they have at the same 
time a prooxidant effect since they are susceptible to oxida-
tion3.

The objective of this study is to determine the content 
of tocopherols (α– , β + γ and δ–) and Fa composition in 
19  elected romanian cereal grain varieties (wheat, maize 
and oat).

Experimental
C e r e a l  S a m p l e s

Cereal grain samples harvested in 2006 and 2007 were 
obtained from agricultural research Institute Turda. The 
samples included eight wheat, eight maize and three oat vari-
eties (var.). Samples from two replicates were chosen for ana-
lysis. all samples were ground in a laboratory mill. Ground 
samples were stored at –20 °C until extracted.

m e t h o d s
Total lipids (TL) were determined according to a routine 

procedure 4.
The tocopherols were analysed using a Shimadzu vP 

Series liquid chromatograph equipped with a degasser and a 
fluorescence detector Fr-10 aXL with excitation wavelength 
of 290 nm and emission wavelength of 325 nm. Chromatogra-
phic separation was performed on a alltima rP C-18 column 
(250 mm × 4,6 mm, 5 μm). The column was used at 40 °C. 
The mobile phase was a mixture of acetonitrile and methanol 
(50 : 50 , v/v) and eluted at a flow rate of 1.0 ml min–1.

Sample treatment included saponification of 0.5 g cereal 
flour in a Pyrex glass tube with 0.5 ml 50% KoH and a mix-
ture of 5 ml + 2 ml water in the presence of 0.1 g ascorbic 
acid. The tube was transferred to a boiling water bath for 
30 min. Then 6 ml of ethanol 50% was added to the cooled 
tube. Unsaponified lipids were extracted by using three porti-
ons (each 10 ml) of n-hexane: diethyl ether (7 : 3, v/v). after 
separation of the phases, the organic layers were collected 
in a separatory funnel. organic extracts were washed three 
times with water and then evaporated in a vacuum rotary eva-
porator at 35 °C. The dried residue was extracted with 2 ml 
methanol + 2 ml acetonitrile by mixing on a vortex mixer for 

2 min. The tocopherol contents were calculated from the peak 
areas using standard curves of tocopherols (α – T, β – T, γ – T 
and δ – T) obtained from merck and Sigma.

Fa were analyzed by gas-liquid chromatography (GLC) 
with flame ionization detection (FID). The sample (1 μl) was 
injected into gas-chromatograph, a Shimadzu GC-17 a series 
equipped with a 30 m alltech aT-WaX coated with polye-
thylene glycol (0.25 mm I.D., 0.25 μm film thickness).The 
oven temperature was programmed as follows : 70 °C for 
2 min, then raised to 150 °C at 10 °C, held at 150 °C for a 
further 3 min, then raised to 235 °C at 4 °C min–1 . The final 
oven temperature was maintained for 5 min. The injector and 
detector temperature was 260 °C. The carrier gas was helium 
at a pressure of 147 kPa.

Fa were converted to methyl esters by reaction with 
boron trifluoride/methanol at 80 °C for 2 h in a Pyrex glass 
tube. Esters were extracted twice with 1 ml n-hexane, the 
extracts were combined, neutralized with sodium carbonate 
and dried with anhydrous sodium sulfate and filtered. Finally 
the filtrate was concentrated under a stream of nitrogen.

Results
The means and ranges of tocopherols in different cereal 

grains are shown in Table I.
α-tocopherol was the main isomer found among analy-

sed tocopherols in wheat and oat var. The content of α-T in 
wheat var. was similar to that reported by other authors1,5. 
maize had the highest β + γ tocopherol content. Small quan-

Table I
The content of tocopherols in different cereal grains

 Cereal  tocopherols [mg 100 g–1] range
  α β + γ δ
 Wheat 0.77 0.23 –
  0.64–0.98 0.16–0.31 –
 maize 0.26 0.96 0.08
  0.16–0.34 0.75–1.21 0.05–0.12
 oat 0.31 0.03 –
  0.27–0.37 0.02–0.04 –

Table II
Total lipids and fatty acid profiles of selected cereals

 TL and fattyacids Wheat maize oat [g 100 g–1] food
 tL 1.6 5.2 5.8
 SFas1 0.17 0.55 0.74
 muFas2 0.18 1.32 1.80
 puFas3 – – –
 total cis 0.67 2.66 1.75
 n-6 (as 18 : 2) 0.64 2.59 1.70
 n-3 0.03 0.07 0.05
1 Saturated fatty acids
2 monounsaturated fatty acids
3 Polyunsaturated fatty acids
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tities of δ–T was found in maize whereas in wheat and oat it 
was not found.

Table II presents the mean values for the analysis of TL 
and fatty acid profile of selected cereals. Lipids are only a 
minor component of cereals, with the amount varying from 
a lipid content of 1–3 % in wheat , to 5–9 % in maize and 
5–10 % in oats6.

Total unsaturated fatty acids (UFas) ranged from  
57–86 % of total fatty acids with linolenic and oleic acid pre-
dominant for wheat var. Total UFas ranged from 72–87 % 
respectively 62–83 % for maize and respectively oat var. and 
the same predominant fatty acids. The content of linoleic acid 
was significantly higher in maize var. than in wheat and oat 
var.
The lower content of α–T in maize var. does not correlate 
with the standpoint that higher PUFa content is accompanied 
by higher content of α–T (ref.7).

Conclusions
This study focused on the quantification of tocopherols and 
fatty acids in 19 selected romanian cereal grain varieties. 

The results of this study should be helpful in updating the 
national database for food composition and for assessment of 
the nutritional intake of the population.
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Introduction
In barley grain, starch occurs in form of granules with 

bimodal size distribution. The oval large starch granules (a) 
have diameters in the range from 10 to 40 µm and they pre-
vail in weight. on the other hand, the spherical small starch 
granules (B) have diameters from 1 to 10 µm and they prevail 
in number1. Enzymatic starch granule hydrolysis is one of 
the most important reactions occurring during malting and 
mashing.

In this study, the capacity of gravitational field flow 
fractionation (GFFF) to monitor the amylolysis of starch gra-
nules was investigated. In previous works2-6 GFFF was suc-
cessfully used for study of size distribution of starch granules 
in different barley varieties. Degradation of starch particles 
from wheat was monitored by sedimentation FFF7. Lower 
saccharides released during amylolysis can be studied by 
maLDI-mS.

Experimental
Kernels of barley variety Jersey were used for isolation 

of starch granules. Kernels were graded and the fractions 
over 2.5 mm were used. The isolation procedure is described 
in detail elsewhere8. It combines classical approaches 
(incl. crushing of barley kernels by a roll crusher, steeping 
in 0.02m HCl, repeated rubbing and filtering through sieve 
0.08 mm) and present knowledge (treatment with ß-glucanase 
and cellulase).

Starch granules were hydrolyzed by 2 units of 
α-amylase mg–1 starch (Sigma-aldrich) added to 2 ml of 3% 
(w/v) starch suspension at 35 °C. aliquots were removed in 
time interval during hydrolysis and centrifuged. Supernatant 
was mixed with 2,5-dihydroxybenzoic acid (DHB) and mea-
sured by 4700 Proteomics analyzer (applied Biosystems, 
USa) maLDI-ToF/ToF mass spectrometer (equipped with 
Nd/YaG laser; 355 nm).

Starch granules were resuspended in 10-3 % sodium 
dodecyl sulphate (SDS) (Fluka, Germany), sonicated and 
analyzed by GFFF. apparatus for GFFF is described in6. 
The channel dimensions were 360 × 20 × 0.150 mm. The hi-
ghpressure pump HPP 4001 (Laboratory Instruments, Pra-
gue, Czech republic) was used to introduce the carrier liquid 
into the channel via an inlet capillary situated at the channel 
head. Uv/vIS Spectra 100 (Spectra Physics, San Jose, USa) 
operated at 470 nm was used as a detector. The samples were 
injected at the stopped flow by using a Hamilton microsy-
ringe. Just after injection, a loading flow rate of 0.2 ml min–1 

was applied for 10 s. Then a relaxation time (stopped-flow 
period) was 1.5 min. after this time period, a linear flow rate 
of 0.8 ml min–1 was applied.

Results
Experimental conditions of GFFF separation were cho-

sen in order to elute starch particles in focusing or lift-hyper-
layer elution mode6. in this elution mode, starch granules do 
not interact with the channel bottom; therefore particle-wall 
interactions are negligible.

Fig. 1. shows a representative GFFF elution fractogram 
obtained for native starch of barley variety Jersey. Three 
major peaks can be seen: the first corresponding to unretai-
ned species (void volume), the second corresponding to the 
large a starch granules and the third peak corresponding to 
the small B starch granules.

The α-amylase type vIII-a from barley (Sigma) was 
chosen for starch granule attack. In the case of bimodal starch 
population, the amylolysis mechanisms are more complex 
than those for small monomodal starches. amylases start 
enzymatic digestion on specific points of the large a starch 
granules. Degradation then continues towards the centre of 
the granule by the formation of channels leading to particle 

Fig. 1.	 Representative	fractogram	of	native	starch	from	barley	
variety	Jersey	after	GFFF	elution

Fig. 2.	 GFFF	monitoring	of	barley	starch	enzymatic	hydroly-
sis.	Starch	was	isolated	from	barley	variety	Jersey
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disruption and fragmentation after certain time9. Contrary, B 
granules are gradually digested from the whole surface. 

Fig. 2. shows fractograms of native barley starch incu-
bated with amylase. Changes in GFFF fractogram profiles 
were observed during amylolysis. The rapid decrease of the 
intensity of B peak corresponds to the greater susceptibility 
of B granules to amylolysis9. the time depended decrease in 
peak a signal after certain incubation period is also well-mar-
ked. on the other hand, the fractograms of the control starch 
sample showed minimal changes through experiment. The 
results of experiments well reflects concept of pitting degra-
dation of large a starch granules and pheripheral hydrolysis 
of small B granules.

Lower sugars released during amylolysis were studied 
by maLDI-mS. The spectra of the control sample and diges-
tion mixture during amylolysis are shown in Fig. 3. Increasing 

intensities of peaks related to sugars correspond to released 
saccharides during amylolysis. With progress of hydrolysis 
several series of + 162 Da peaks can be seen in mass spectra 
(see the last spectrum in Fig. 3.).

Conclusions
The results of incubation of native starch granules iso-

lated from Jersey barley variety with amylases confirmed that 
GFFF appeared to be a good tool for monitoring of degrada-
tion progress of native barley starch. maLDI-mS of lower 
sugars released during amylolysis showed its potential for 
study of products of starch hydrolysis.

This work was supported from the Ministry of Educa-
tion, Youth and Sports, Czech Republic (Research Centre for 
the Study of Extract Compounds of Barley and Hop – No. 
1M0570) and the Institute Research Plan AV0Z40310501.
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Fig. 3.	 MALDI-TOF	 mass	 spectra	 of	 saccharides	 released	
during	amylolysis.	DHB	was	used	as	a	matrix
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Introduction
Thermal analysis (Ta) represents a set of methods, used 

to study the changes of investigated material by measuring 
some physical properties as a function of temperature.

Nowadays, several thermoanalytical methods are used, 
differing in monitored physical property (mass, volume, 
length, magnetic susceptibility, temperature difference 
between sample and reference sample), etc.

In thermogravimetric analysis (TGa), mass changes of 
sample are determined as a function of temperature.

Data obtained from TG measurements are used to 
investigate thermal stability of substances, determination of 
relative volatility and determination of other physical and 
chemical parameters. First derivative of TGa curve according 
to temperature is denoted as Dtga or Drtga and represents 
the rate of reaction.

TGa is used very frequently to study thermal behavior 
of different kinds of biomass (in inert or oxidative atmos-
pheres), mainly agricultural crops or their residues1, woody 
wastes2, some fossil fuels – coal and blend fuels (biomass/
coal)3,4.

Pyrolysis of plant or woody materials generates solids, 
liquids and gaseous fuels or products. Their composition 
depends on the pyrolysis process conditions.5–8

Thermal behaviour of liquid and solid pyrolysis produ-
cts – bio-oil and wood coal – usable as fuels or for energe-
tic purposes – can be studied by means of thermoanalytical 
methods. Experimental part of this work is focus on TGa, 
which was used for study of thermal behaviour and thermal 
stability of fractions of bio-oil in inert atmosphere.

Experimental
m a t e r i a l s

Bio-oil fractions originating at industrial pyrolysis of 
beech wood – pyrolysis condensate (PC), pyro-oil (Po), and 
wood tar (WT) were suplied from SLZ Chémia, Slovakia.

m e t h o d s  a n d  i n s t r u m e n t s
Thermogravimetric analysis (TGa) was performed on 

a mettler Thermoanalyzer 2, in inert gas atmosphere (nitro-
gen).

Conditions: flow rate: 60 ml min–1, temperature program 
was 10 °C min–1 from 25 to 600 °C, analysis time 60 min, and 
sample amount was ~  20 mg.

Results
as can be seen from TGa results (Fig. 1.) of pyrolysis 

condensate (PC), temperature rise up to ~  120 ºC resulted in 
more than 90 % weight loss. PC is formed of a mixture of 
compounds which distillated with the highest rate at 97 ºC.

This fraction of bio-oil according to TGa curve contains 
mainly volatile organic compound (voC) and water. voC is 
defined as a compound which has boiling point equal or less 
than 250 °C at pressure 101.3 kPa9.

The results of TGa analysis of pyro-oil (Po) document 
(Fig. 2.) that Po still contains voC (6 %), but their amount is 
much lower than that present in the fraction of PC. Increasing 
the temperature to ~  410 ºC leads to ~  93 % weight loss and 
so the most part of Po distilled off or is thermally decompo-
sed.

The results of TGa analysis of wood tar (Fig. 3.) led 
to a conclusion that reaching temperature ~  400 ºC, 75 % of 
wood tar fraction (WT) underwent decomposition.

This fraction contains also thermally stable compounds 
as evidenced by residual more than 20 % amount at 600 ºC.

The individual phases of the thermal decomposition 
or degradation – namely i. dehydratation and volatilisation, 
ii. active pyrolysis and iii. passive pyrolysis10 were analy-
sed.

Fig. 1.	 TG	analysis	of	pyrolysis	condensate

Fig. 2.	 TG	analysis	of	pyro-oil
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Fig. 4. shows comparison of TGa curves of fractions of 
bio-oil. It is obvious from this comparison that the least stable 
fracion is PC, followed by Po and ending with WT.

Temperatures and weight losses for individual stages are 
listed in Table I.

Table II indicates total weight losses for individual frac-
tion of bio-oil and corresponding decomposition temperatu-
res at which the maximum weight loss per minute occurs.

Data in tables for individual stages differ because every 
fraction contains other compounds and in different quantita-
tive amounts.

PC contains mainly water, voC and hydrocarbons with 
short chains. Po contains hydrocarbons with longer chains, 
benzene and phenolic structures. WT is composed mainly 
of condensed aromatic substances, benzene and phenolic 
structures.

Conclusions
In this work, we investigated three liquid fractions of 

bio-oil generated in process of woody biomass pyrolysis 
beechen wood.

TGa measurements indicated different composition of 
individal fraction of bio-oil.

Pyrolysis condensate contains substantially volatile com-
pounds (voC) and water than pyro-oil and wood tar. Pyro-oil 
contains more voC than wood tar, which is confirmed by 
total weight losses of these fractions. Pyrolysis condensate 
has total weight loss 96.4 %, pyro-oil 92.8 % and wood tar 
77.8. So the residue of wood tar is highest at 600 °C. 

at all fractions it is possible to deduce from TGa curves 
that if temperature increases gradually, then distillation of 
volatile compounds and their exothermal decomposition oc-
cur.

Distillation and decomposition process proceed in diffe-
rent temperature intervals and weight losses at these intervals 
are different for individual fractions, which means that each 
fraction contains different substances with different ratio.

Based on TGa results it can be concluded that the least 
thermal stability has fraction of pyrolysis condensate, fol-
lowed by pyro-oil and, finally, the most stable was wood tar.

We thank Slovak Grant Agency (Project VEGA 
1/3567/06) for its financial support.
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Fig. 3.	 TG	analysis	of	wood	tar
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Table I
Decomposition stages of bio-oil fractions and weight loss
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Introduction
Strawberry is one of the most delicious fruits of the 

world, which is a rich source of vitamins and minerals1.the 
strawberry harvest in Huelva was included in the main group 
of agricultural activities in which Spain have an important 
position in the framework of the European Union. Huelva 
offers adequate climatic characteristics and soil composition 
as well as water disponibility for irrigation that is exceptional 
in the national territory. Contemporany history of cultivating 
strawberry de Huelva started in 60’s in moguer city.

In recent years, several day-neutral varieties have been 
introduced and different agro-techniques were standardized 
at various research stations2. In addition, strawberry has 
become the most favourite fruit crop among the growers, 
especially near towns and cities, which has resulted a phe-
nomenal increase in its area and production. in huelva, 
many varieties of strawberry and raspberry are grown, but 
(Fragaria vesca var. Camarosa and Rubus idaeus var. Glen 
Lyon) has become the most popular dessert variety due to its 
high production potential and because it is an attractive red 
medium-sized fruit of better quality.

The safeguard of quality characteristics from harvest up 
to consumption is an essential requirement for the fruit sector. 
Quality control and authentication of fruits and derivatives 
is a key aspect for consumers and producers. Food authen-
tication is the process by which a food is verified as com-
plying with its label description. Labeling and compositional 
regulations, which may differ from country to country, have 
a fundamental place in determining which scientific tests are 
appropriate for a particular issue3 Thus the availability of 
sound analytical methods which can ensure the authenticity 
of foods plays a fundamental role in the operation of modern 
society. In this sense, several analytical parameters have to be 
taken into account. 

In this work, we have analysed several samples of 
strawberries and raspberries (Fragaria vesca var. Camarosa 
and Rubus idaeus var. Glen Lyon) in relation with phisico-
chemical parameters (elements such as Ca, mg, K, na, B, 
Cu, Fe, Ni and Zn; anions: phosphates, nitrates, sulphates, 
carbonates; solids in suspension, pH, redox potential). The 
experiment was carried out during six months in which seve-
ral agrochemical experiments have been developed such as 
the use of new plastics for the harvest and the pollination 
with bumblebees.

Experimental
S a m p l e s

Samples of soils and leaves were analysed in this study. 
The samples of leaves were taken during the months of major 
production of both plants and the samples of soil at the begin-
ning and at the end of the harvest. 

P r e p a r a t i o n  o f  t h e  S a m p l e
(i) Samples of leaves: The samples were dried in an oven 

at 100 °C. after that they were extracted by using a micro-
wave oven: 0.2 g of sample was weighted and 4 ml of HNo3 
(65%) were added. The program was from room temperature 
to 170 °C at 20 °C min–1.

(ii) Samples of soil: the same parameters that for the 
leaves were analyzed, but different extractant solutions were 
used4,5:

Phosphorus: Extraction with sodium bicarbonate at pH 
8.5
manganese and iron: Extraction with ammonium acetate 
pH 4.8
Sodium, potassium, calcium and magnesium: Extraction 
with ammonium acetate at pH 7
organic matter: was determined by a redox process using 
potassium dichromate and sulphuric acid, to measure the 
excess of dichromate with a salt-ferrous

m e a s u r e d  E l e m e n t s  a n d  m e t h o d s  o f 
a n a l y s i s :

63Cu and 66Zn: measured with an Inductively Coupled 
Plasma mass Spectrometry (ICP-mS) model 4500 
(agilent Technologies, Tokyo, Japan) 
orthophosphates: measured with the molybdenum blue 
method4. 
mn, Fe, Ca, mg: they were measured with atomic 
absorption Spectroscopy (aaS). 
K and Na: atomic Emission Spectroscopy (aES). 
Determination of the soil texture: it was measured by 
using the mastersizer 2000, a laser diffraction instru-
ment.

I C P - m S  P a r a m e t e r s :
rF power: 1,370 W
Plasma gas flow-rate: 15 dm3 min–1

auxiliary gas flow-rate: 1.00 dm3 min–1

Nebulizer gas flow-rate: 1.15 dm3 min–1

Sampling depth: 6.5
Sampler and skimmer cones: Ni 
Time per isotope: 0.3 s per isotope
Isotopes monitorized: 63Cu and 66 Zn

Results
The results of analyses of soil throughout the study are 

collected in the Table I. 
at the beginning of the study (February).
at the end of the harvest, in June.

•

•

•

•

•

•

•

•
•

•
•
•
•
•
•
•
•

•
•
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The results of the analyses of leaves throughout the study 
are represented in the Figs. 1., 2. and 3.

once we have obtained the results of the measured con-
centrations of elements in leaves and soil, it is required to 
get conclusions of the analysis comparing the obtained values 
with the common known concentrations for each specie6,7.  
It is important that the levels of the elements in the plants are 
the required ones in each stage of the growing.

as it is shown in Fig. 1., the levels of copper and zinc are 
between required levels in both species. In this sense, we can 
observe that the level of zinc is major at the beginning of the 
harvest. Similar conclusions can be drawn for the concentra-
tion of lements in Figs. 2. and 3. 

as it is shown in Fig. 2., in the leaves from strawberries 
the levels an 

as it is shown in Table I, the levels of organic matter are 
low that is a characteristic of sand soils. In addition, the levels 
go down through the harvest. although levels are low, the 
results of production has been good in both cases.

Table I
results of analyses of soil throughout the study

 Strawberry raspberry 
  February June February June
 Carbon [%] 0.24 0.14 0.26 0.20
 oxidable organic 0.42 0.24 0.44 0.34
 matter [%]
 organic matter 0.54 0.31 0.57 0.45
 total [%]
 n [%] < D.L < 0.3 < D.L < 0.4
 h [%] < D.L. < 0.7 < D.L. < 0.8
 p [mg kg–1] 158.94 89.73 144.63 185.2
 Extraction 
 nh4-ac pH 7    
 K [mg kg–1] 62.55 35.64 86.24 95.37
 na [mg kg–1] 14.5 N.D. 19.19 N.D.
 Ca [mg kg–1] 167.61 520 188.6 640
 mg [mg kg–1] 30.91 33.1 39.67 62.09
 Extraction
 nh4-ac pH 4.8    
 mn [mg kg–1] 8.47 8.50 7.09 8
 Fe [mg kg–1] 14.78 6.91 10.54 8.41
 principio del 
 formulario
 Soil texture4 Loamy sand Loamy sand
 Final del 
 formulario 
 Clay 5 % 15 %
   Final del formulario
 Silt 17 % 37 %
 Sand 73 % 37 %
 graves
 Final del  5 % 11 %
 formulario
D.L. – Detection Limit; N.D. – Not determined

Fig. 1.	 Evolution	of	copper	and	zinc	in	leaves	of	strawberries	
and	raspberries

Fig. 2.	 Evolution	of	magnesium,	calcium,	potassium	and	phos-
phorus	in	leaves	of	strawberries

Fig. 3.	 Evolution	of	magnesium,	calcium,	potassium	and	phos-
phorus	in	leaves	of	raspberries
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The samples were taken monthly, and they covered 
all stages of development of the crop: vegetative growth, 
flowering and fruiting. 

These measured parameters were used to know the evo-
lution of these two varieties and to observe the requirements 
of the plants. Future works will be focused in a discussion of a 
parelell study carried out to observe the evolution of the fruit, 
ºBrix, potential deformations, and other parameters such as 
pollination using bumble bees as well as the experimentation 
with new biodegradable plastic.

Conclusions
an analytic methodology for the determination of a great 
number of analytical parameters of agronomic interest 
has been developed in this study.
The obtained analytic data are of great utility to evaluate 
the experiences of the use of biodegradable padding 
plastics in the cultivation of raspberry.
The use of pollination by bumblebees increases the pro-
duction and improves the quality of the fruit.

•

•

•
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Introduction
Chemometrical processing of the results of instrumental 

analytical measurements takes advantage of modern statisti-
cal methods and advanced software and creates new possi-
bilities for solution of problems in various practical fields of 
application, e.g. in assessing quality of raw and processed 
food1,2, or in advancement of diagnosis in laboratory medi-
cine, which we have studied in recent years3,4.

Wine belongs to the commodities, which are very 
frequent objects of falsification1. Therefore it is necessary to 
develop procedures which make possible wine classification 
and authentication5,6, i.e. verification of the selected sample 
with regard to the wine variety, producer/locality as well as 
the year of production.

Pumpkin seed oils enjoy special and increasing popula-
rity mainly due to their characteristic taste. the oil is contai-
ned in the seeds, consists of approx. 70 % unsaturated fatty 
acids and contain a number of important compounds like tri-
terpenoides, carotenoides, tocopheroles and phytosteroles2. 
The oil quality also depends on the geographical origin, sea-
sonal variations and climatic influences.

This study was focused on the classification of white 
varietal wines based on the results of chemical analyses. 
another goal was spectral characterization of different sorts 
of pumpkin seed oils accompanied by the sensory evaluation, 
which after chemometrical data processing facilitated de-
tecting the properties most informative about the oil quality.

Experimental
W i n e  S a m p l e s

altogether 46 samples of Slovak varietal wines, Welsch 
riesling, Grüner veltliner and Chardonnay, were analyzed 
during two years using 18 traditionally analysed variables 
like So2, total acids, citric acid, malic acid, tartaric acid, lac-
tic acid, sugars by Shoorle, glucose, fructose, polyphenols, 
density, etc. The wines were produced by two producers in 
Bratislava and Hlohovec. Sensorial analysis of all examined 
wine samples was also provided.

P u m p k i n  o i l  S a m p l e s
36 commercially available pumpkin oil samples of 

Steyrian origin were studied. The samples were examined by 

sensorial analysis and spectroscopically using 38 variables 
representing the maximum fluorescence signal.

S e n s o r i a l  a n a l y s i s
Sensorial analysis of wines was made by a group of 

experts who assessed in a twenty-point scale colour, bouquet, 
taste, and the total points. Two or three wine categories 
were made by sensorial quality according to the median or 
the lower and upper terciles of total points. Smell, taste and 
visual character of oils were concerned when rating the sen-
sory quality of oils. The collected oil were categorized into 
two basic classes: fully satisfactory (“good”) vs. not fully 
satisfactory (“bad”).

S t a t i s t i c a l  a n a l y s i s
Statistical treatment of the obtained data was performed 

using program packages SPSS (SPSS Inc., Chicago, U.S.a.) 
and STaTGraPHICS Plus 5.0 (manugistics, Inc., rockville, 
U.S.a.).

Results
W i n e

Principal	Component	Analysis	(PCA)
Fig. 1. depicts the PCa representation of the samples 

of three wine varieties and two vintages where some natural 
grouping of the studied wines is visible. It is worth to note 
that the observed natural wine clusters are not created by the 
wine varieties but correspond mainly to the vintage catego-
ries: the 1999 samples are below –1.0 on the PC1 axis, the 
2,000 samples are above +  1.0.

Discriminant	Analysis	(LDA)
LDa is a supervised learning method, in which the clas-

sification model is constructed using the the training data set. 
Then the developed model is used to classify the test samples 
data set. Three ways of classification were used: by variety, 
year of vintage, total sensorial quality. In addition, partial 
sensorial characteristics were used: colour, taste and bouquet 
of wine. The LDa results using different criteria are summa-
rized in the last two columns of Table I. Success of classifica-
tion for the set of 46 wine samples was close to 100 %. Fig. 2. 
exemplifies the successful classification by variety.

Fig. 1.	 PCA	scatterplot	of	the	studied	wine	samples
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The stepwise discriminate analysis was applied to the 
complete set of variables in order to select the variables most 
important regarding the classification criterion. The classifi-
cation performance was evaluated for the best group of vari-
ables, the number of which is given in brackets.

When the leave-one-out validation technique was 
applied for classification of wine by sensorial quality (“good” 
or “bad”) a 78 % and 87 % success were obtained for all and 
five best variables, resp.

P u m p k i n  o i l s
Principal	Component	Analysis
The data set of pumpkin oils characterized by 38 varia-

bles (maximal intensity of fluorescence using exitation wave-
lengths 280–650 nm) was used for this study. The inspection 
of the PCa scatterplot (not shown) has revealed that two oil 
samples as outliers. The remaining oils are located in two 
natural clusters at negative values of PC1 and positive values 
of PC2, resp. In the loadings plot (Fig. 3.), all excitation wa-
velengths are divided into three groups. a reasonable assign-
ment of these groups is a task of our current study.

Discriminant	Analysis
Fig. 4. represents the LDa graphical output, which 

shows that very good quality oils samples are located in a 
cluster at positive values of the first discriminant function 
(DF1) whilst the lower quality oils form a cluster at negative 
DF1 values. The separation of two sorts of oils differing by 
the sensorial quality is remarkable. The classification perfor-
mance was 100 % for cross-validation using the leave-one-
out procedure.

Conclusions
White varietal wines were succesfully classified accor-

ding to several classification criteria: by variety, vintage, 
producer as well as partial sensorial descriptors. a very good 
quantitative separation of the wine samples according to all 
chosen criteria was obtained by discriminant analysis.

Stepwise variable selection enabled to find an optimal 
reduced set of variables. The established and validated discri-
minant models are fully applicable for the category predic-
tion of the unclassified wine samples. 

Fluorescence analysis can be successfully applied for 
classification of commercial pumpkin oils according to their 
sensorial quality. The investigation of the species causing the 
most important fluorescent signals reflecting the oil quality is 
the object of our further study.

Fig. 2.	 LDA	plot	of	three	wine	varieties

Table I
Criteria for wine classification and success in classification 
when all or best variables were used

 Criterion Number Classification success in %
  of classes all* Best*

 variety 3 100.00 95.65 (3)
 vintage 2 100.00 100.00 (2)
 Quality 2 93.48 93.48 (5)
 Quality 3 86.96 78.26 (9)
 Colour 2 91.30 89.13 (7)
 Colour 3 76.09 78.26 (6)
 Bouquet 2 97.83 93.48 (8)
 Bouquet 3 93.48 84.78 (10)
 taste 2 91.30 91.30 (10)
 taste 3 86.96 91.30 (7)
 Producer 2 100.00 100.00 (4)
* “all” refers to 18 originally used variables; “Best” refers to 
the optimally selected variables with their number in brac-
kets

Fig. 3.	 PCA	loadings	plot	showing	the	interposition	of	the	used	
wavelengths	for	fluorescence	measurements.

Fig. 4.	 LDA	plot	of	the	oil	sample	number	vs.	the	sole	discrimi-
nant	function	DF1
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Introduction
the melampyrum genus is not studied in romania that 

is why there had been chosen the study of Melampyrum cri-
statum L. species with the help of HPLC couplet with mS. 
a modification to this method achieved by a group of young 
researchers from Cluj was brought change of the mobile phase, 
from a mobile was brought phase with elements that are not 
volatile, there are arrived at a volatile one, the element from 
the chromatography column can be inserted in mass spectro-
metry being obtained supplementary information about the 
elements because the spectrum is registering the molecular 
mass and mass spectrum from the elements found.1–4

Experimental	part
m e t h o d  o f  a n a l y s i s

In a Sox let device the plant powder is treated, lea-
ves respectively flowers from Melampyrum cristatum L.,  
to remove the chlorophyll. There were taken work 10 g 
leaves, flowers, cut up sieve Iv with 460 ml clorophorm,  
the extraction was carried out for 48 hours at 60 °C, until  
the solvent becomes completely colorless. The powder  
is subjected to another extraction with 140 ml methanol;  
the solution resulted being the basic one from which the qua-
litative determinations will be made. 

For the analysis of the polyphenol compounds from 
vegetable extracts the high performance liquid chromatogra-
phy coupled with mass spectrometry (LC/mS) was used.

D e v i c e s
HPLC coupled with mass spectrometer; binary pump;	

autosampler; thermostat HP 1100 Series;	 detector uv hp 
1100 Series; mass spectrometer agilent Ion Trap 1100 vL.

mS working conditions: source of ions- ESI (electro-
spray); ionization manner-negative ; nebulizer-nitrogen , 
pressure 60 PSI ; drying gas-nitrogen , flow rate 12 dm3 min–1,  
temperature 300 °C , capillary potential: +3000 v; method 
of analysis-monitoring specific ions ( poly phenol carboxylic 
acids) or aUTo mS (flavonoides and their aglycons)

HPLC working conditions: analytical column Zorbax 
SB-C18 100 mm × 3.0 mm i.d., 3.5 µm (Waters); Preco-
lumn Zorbax SB-C18; the mobile phase: mixture met-
hanol: acetic acid solution 0.1% (v/v) elution in gradient  
(start 5% methanol, up to 35 min 42% methanol, up to 45 min  
5% methanol – re-equilibration); flow rate: 1 ml min–1, tem- 
 

perature: 48 °C; detection: Uv 330 nm up tu 17 minutes, 
370 nm up to 38 minutes; volums of injection: 5 µl.

P o l y p h e n o l  a n a l y s i s  b y  U v 
D e t e c t i o n

Every category of elements were detected at the wave-
length corresponding to maximum of absorbtion of Uv 
spectrum. So, the polyphenolcarboxilic acids were detected 
at the wave-length from 330 nm, but the flavonoides and their 
aglycons at 370 nm.

P r o c e s s i n g  o f  S a m p l e s  t o  b e 
a n a l y s e d

There were analyzed in parallel two samples of each 
vegetable extract, one as such, but another one hydrolyzed. 
The reason for which hydrolysis achieved is the fact that, 
in general, some floavonoide aglycons or some polyphe-
nolicarboxilic acids are not free, but on bound (glycosides,  
esters, etc).

So, carrying out on acid hydrolysis will lead to freeing 
there compounds from the bound form and it would bring 
more information about the chemical composition of the stu-
died product.

The samples that are analyzed as such are diluted 1 : 10 
before the injection. The hydrolysis was performed fol-
lowing the procedure: one part of the extract is diluted with 
one part of HCl solution and it is maintained on water bath 
at 80 °C for 40 min. It is brought at 10 ml (measuring flask) 
and it is injected in the chromatographic system.

T h i n  l a y e r  C h r o m a t o g r a p h y  w a s 
P e r f o r m e d  i n  t h e  F o l l o w i n g 
C o n d i t i o n s

Solution to analyzed: extract from Melampyrum crista-
tum flowers and leaves 25 μl applied.

Standard solution: methanol solution from rutozid 
1.22 mg ml–1 (roth), hiperozid 1.1 mg ml–1 (merck), clo-
rogenic acid 1 mg ml–1 (Fluka) and cafeic acid 1 mg ml–1 
(roth) – 10 μl applied; stationary phase: Kieselgel 60F254 
(merck); mobil phase: ethylacetate (merck) – ethylmethylke-
tone (merck) – formic acid (merck) – water (50 : 30 : 10 : 10, 
vol.); migration distance 10 cm: 12 cm; migration time: 60 
minute.

The application of solution in layers was carried out 
in bands of 1 cm at 1.5 cm distance from the lower border  
of the plate.

reveal of plate it has realized with iron clorure 10 %  
in ethanol.

The chromatogram analysis is realized in Uv la 254 nm, 
after the revelation in visible light spectrum.

T L C  C o u p l e d  w i t h  P h o t o 
D e n s i t o m e t r y

The chromatographic plate was scanned with a Shi-
madzu CS9000 photo densitometer after pulverization with 
iron clorure. The photo densitometer parameters are: way  
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of functioning in reflexion, wolfram lamp, scanning method: 
zig zag, λ = 550 nm. 

Results	and	Discussions
Workings in the described condition there are presented 

the flavonoid concentrations in leaves, respectively in flowers 
from Melampyrum cristatum L.

after the photodensitometric evaluation for the Melam-
pyrum cristatum leaves, the sample which is more con-
centrated in flavonoides, the densitogram from Fig. 4 was 
obtained. The height of the drops in densitogram, the low 
flavonoide concentration.

Table I
Concentration of  methanolic unhydrolyzed extract from Melampyrum cristatum L. leaves

 Compound nr. Identification Confirmation Concentration The quantity
   Uv mS in extract [μg ml–1] in vegetable drug [mg g–1]
 Isoquercitrin 9 yes yes 60.838 0.30419
 rutozid 10 yes yes 3.715 0.01858
 Luteolina 16 yes yes 153.390 0.76695
 apigenina 18 yes yes 15.195 0.07598

Table II
Concentration of methanolic hydrolysed extract from Melampyrum cristatum L. leaves

 Compound nr. Identification Confirmation Concentration The quantity
   Uv mS in extract [μg ml–1] in vegetable drug [mg g–1]
 Quercetol 14 yes yes 3.380 0.01690
 Luteolina 16 yes yes 131.092 0.65546
 Kaempferol 17 yes yes 1.439 0.00720
 apigenina 18 yes yes 11.235 0.05618

Table III
Concentration of  methanolic unhydrolysed extract from Melampyrum cristatum L. flowers

 Compound nr. Identification Confirmation Concentration The quantity
   Uv mS in extract [μg ml–1] in vegetable drug [mg g–1]
 Isoquercitrin 9 yes yes 46.930 0.23465
 rutozid 10 yes yes 2.876 0.01438
 Luteolina 16 yes yes 140.680 0.70340
 apigenina 18 yes yes 18.190 0.09095

Fig. 1.	 Mass	 spectrum	 of	 	 methanolic	 unhydrolysed	 extract	
from	Melampyrum cristatum L.	leaves

Fig. 2.	 Mass	spectrum	of		methanolic	hydrolysed	extract	from		
Melampyrum cristatum L.	leaves

Fig. 3.	 Mass	 spectrum	 of	 methanolic	 unhydrolysed	 extract	
from	Melampyrum cristatum L.	flowers
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The quantitative analyses are made after the method 
from Cynarae folium monography and Crategus folium cum 
flore monography by Fr IX and Fr X.
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Table Iv
Concentration of  methanolic hydrolysed extract from Melampyrum cristatum L. flowers

 Compound nr. Identification Confirmation Concentration The quantity
   Uv mS in extract [μg ml–1] in vegetable drug [mg g–1]
 Quercetol 14 yes yes 2.659 0.01330
 Luteolina 16 yes yes 11.122 0.05561
 Kaempferol 17 yes yes 1.642 0.00821
 apigenina 18 yes yes 13.479 0.06740

Fig. 4.	 Mass	spectrum	of	methanolic	hydrolysed	extract	from		
Melampyrum cristatum L.	flowers

Table. v
The apigenin and luteolin concentration obtained by TLC

 test apigenina Luteolina
  area c [mg ml–1] area c [mg ml–1]
 M.cristatum 21,474.6 0.82 102,253.9 0.74
 flowers
 M.cristatum 18,528.3 0.71 107,944.8 0.78
 leaves

Table vI
The concentration found in rutozid and hiperozid by Melam-
pyrum cristatum L.flowers and leaves

 melampyrum cristatum
  leaves flowers
 rutozid % 1.850 % 1.750 %
 Hiperozid % 0.43125 % 0.71875 %

Fig. 5.	 Densitogram	by	Melampyrum cristatum	flowers

Fig. 6.	 Densitogram	by	Melampyrum cristatum	leaves
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Introduction
Winemaking can be summarized as the biotransforma-

tion of must into wine, which performed principally by Sac-
charomyces cerevisiae strains during the primary alcoholic 
fermentation. a secondary fermentation, the so-called malo-
latic fermentation is biodeacidifacation that is often encou-
raged, since it improves wine stability and quality. malolatic 
fermentation (mLF) usually occurs either spontaneously or 
after inoculation with selected bacteria after fermentation. 
mLF, the enzymatic decarboxylation of L-malic acid to L-
lactic acid, is an important secondary fermentation process 
carried out by lactic acid bacteria (LaB) during the vinifica-
tion of red must, and certain white and sparkling wine styles. 
In addition to deacidification, mLF can increase microbiolo-
gical stability and enhance the flavour and aroma of wine. The 
study was focused on the composition of microflora during 
the extraction of flavour components from grape solids and 
during fermentation as well. In this way the two technology 
processes for the production of red wine from velké Pavlo-
vice region were monitored.

Experimental
Three different media were applied for the cultivation 

of microorganisms; first for monitoring of total volume of 
microorganisms, second for yeasts and third for lactic acid 
bacteria. The indirect method was used for the determination 
of the amount of viable cells. This method consists of the 
enumeration of visible macroscopic colonies grown up on 
agar plates. When the cells grew up, the forms of colonies 
were analyzed visually and the morphology of microorga-
nisms was microscopically detected.

Cultivation media:
Plate Count Agar. Suitable for the determination of total 
number of microorganisms in foodstuffs.
Malt Agar with the addition of antibiotics. into the cul-
tivation medium streptomycine 80 µg/l and propionic 
acid 0, 25 ml/l was added. Suitable for the isolation and 
identification of yeasts and fungi.
Tomato Juice Medium Base (for Lactobacillus from 
wine).Suitable for the isolation and identification of lac-
tic acid bacteria occurring in wine.

Results
Two technological procedures in wine manufacturing, 

which differ in technological steps shown in the Table I, were 
compared.

Since the start of wine manufacturing, till the last addi-
tion of So2, the total number of yeasts in wine factory No. 1 

•

•

•

was monitored. Number of cells in dependence on time is 
shown in Fig. 1. It is known1, that the yeasts Saccharomyces 
cerevisiae do not start the fermentation. The yeasts starting 
the fermentation are Hanseniaspora (Kloeckera), Candida 
Metschnikowia. From Fig. 1. follows that the number of 
starting yeasts and yeast microorganisms reached the value 
1.2 × 106  ±  1.3 × 105 cells in 1 ml. other yeasts than Sac-
charomyces growing at the start of the fermentation, utilize 
aminoacids and vitamins for their growth and reduce the 
growth of Saccharomyces cerevisiae. these play an impor-
tant role in the second half of the fermentation time1. From 
the Fig. 1. it is evident that even though the commercial cul-
ture of Saccharomyces cerevisiae was inoculated into the 
mash during the day of crushing, the increase of total number 
of yeasts occurred 4 days after the inoculation. The whole 
period of preliminary fermentation lasted 8 days and the hi-
ghest value of total number of yeasts was achieved in a day 
of pressing. after that the decrease was observed. This effect 
can be attributed to the autolysis of yeasts after the alcoholic 
fermentation1. The decrease is also caused by the inhibition 
of starting population of bacteria Oenococcus oeni and malo-
lactic fermentation, as shown in Fig. 2. after the alcoholic 
fermentation the autolysis of yeasts occurs, followed by the 
liberation of nutrients important for the growth of bacteria 
and the growth of present yeasts, as well. The decrease is 
also caused by the inhibition of starting population of bacte-
ria Oenococcus oeni and malolactic fermentation, as shown  

Table I

 technological preliminary alcoholic
 procedure fermentation fermentation
 application So2 Ce Cy CB mode of So2      heating
 Wine factory – × × – regulated ×
 no. 1
 Wine factory × × × × non ×
 no. 2     regulated
CE – Commercial Enzymes
Cy – Commercial yeasts
CB – Commercial Bacteria

Fig. 1.	 Number	of	yeasts	–	Wine	factory	No.	1
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in Fig. 2. after the alcoholic fermentation the autolysis of 
yeasts occurs, followed by the liberation of nutrients impor-
tant for the growth of bacteria and the growth of present 
yeasts, as well.

From the comparison of the number of yeasts in both 
wine factories (Fig. 3.) follows that after the pressing the 
total number of yeasts in wine factory No. 2 was lower. This 
difference is probably a result of the application of small 
amount of So2 in factory No. 2 by the start of the preliminary 
fermentation of the juice. The application of So2 was carried 
out to eliminate the development of undesirable microflora. 
The difference can also result from the difference in heating 
of the must in tank.

after the alcoholic fermentation the start of malolactic 
fermentation is supposed. In wine factory No. 1 the amount 
of bacteria of malolactic fermentation was studied (Fig. 4.). 
In the case of wine factory No. 2 the commercial culture of 
bacteria Oenococcus oeni was applied. The heating of the 
must was realized using the heating rod. This procedure 
implies that the local overheating can occur, which destroys 
the microflora. In wine factory No. 2 by the application of 
malolactic bacteria no bacteria of lactic fermentation were 
detected.

During the study of the fermentation process the atten-
tion was also focused on the fungi in red wine manufacturing. 
From the results based on the visual evaluation of the incre-
ase on Petri dishes can be supposed that the fungi Penicillium 
and Aspergillus dominate. These can produce the different 
micotoxins. Fig. 5. presents the mixed culture of microorga-
nisms, which grew from the grape juice in the day of crushing. 
The important result is the presence of the fungi Botrytis.

Fig. 6. is an example of the growing blue-green colony 
of yeasts with the white edge, which appeared on plates with 
the grown population of the yeasts. This figure is also an 
example of the fungi, which during its development coloni-
zed the population of the yeasts

In Fig. 7. the blue-green fungi with the white edge can 
be seen again. In difference to Fig. 6. this fungi during its 
development did not colonize the site, where the population 
of yeasts was grown. These effect is in accordance with the 
observation1 that the yeasts Metschnikowia pulcherrima, 
Pichia, Candida, Cryptococcus and some Saccharomyces 
and Zygosaccharomyces have strong antifungal aktivity

Fig. 2.	 The	comparison	of	the	number	of	yeasts	and	lactic	bac-
teria	wine	factory	No.	1

Fig. 3.	 The	comparison	of	the	number	of	yeasts	in	wine	facto-
ries	No.	1	and	No.	2

Fig. 4.	 Number	of	lactic	bacteria	–	wine	factory	No.	1

Fig. 5.	 The	mixed	culture	of	microorganisms,	which	grew	from	
the	grape	juice	in	the	day	of	crushing
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In the framework of the study it was confirmed that the 
wine is the product of many diverse interactions between 
yeasts, fungi and bacteria. This microflora can be positively 
and negatively influenced by the different technological 
interventions

This work was financially supported by the Minis-
try of Education, Youth and Sports under project MSM 
021630501.
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Fig. 6.	 The	fungi,	which	during	its	development	colonized	the	
population	of	the	yeasts

Fig. 7.	 The	blue-green	fungi	with	the	white	edge
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Introduction
In many countries, wheat straw is an abundant ligno-

cellulosic by-product from farming, consisting of cellulose 
(35–40 % wt.) and hemicellulose (25–30 % wt.) in close as-
sociation with lignin (10–15 % wt.)1.

Lignin is a natural, complex, heterogenous, phenyl-
propanoid polymer comprising 25–30 % of plant biomass. 
Primarily three enzymes, i.e., lignin peroxidase (LiP), man-
ganese peroxidase (mnP) and laccase2,3,4 have been held 
responsible for lignin degradation.

Laccase (benzenediol: oxygen oxidoreductase, EC 
1.10.3.2) belongs to a group of polyphenol oxidases conta-
ining copper atoms in the catalytic centre and usually called 
multicopper oxidases.

Laccases catalyze the reduction of oxygen to water 
accompanied by the oxidation of a substrate, typically a p-
dihydroxy phenol or another phenolic compound. It is diff-
icult to define laccase by its reducing substrate due to its very 
broad substrate range. 

although laccase was also called diphenol oxidase, 
monophenols like 2,6-dimethoxyphenol or guaiacol are of-
ten better substrates than diphenols, e.g. catechol or hydro-
quinone. Syringaldazine[N,N0-bis(3,5-dimethoxy-4-hydro-
xybenzylidene hydrazine)] and aBTS are often considered to 
be a unique laccase substrates5.

Laccase activity has been demonstrated in many fungal 
species, but laccase production has never been demonstrated 
in lower fungi. There are many records of laccase production 
by ascomycetes. Yeasts are a physiologically specific group 
of both ascomycetes and basidiomycetes. This basidiomycete 
yeast produces a true laccase capable of oxidation of phe-
nols and aminophenols and unable to oxidize tyrosine6. the 
production of laccase was not demonstrated in ascomycetous 
yeasts.

In this study, the method suitable for production laccase 
as lignin-degrading enzymes by aureobasidium pullulans 
was optimalized. Wheat straw was the only carbon source 
and only the most essential nutrients were added.

Experimental	Microorganism
The fungal strain Aureobasidium pullulans F 8189 used 

in the present study was obtained from the culture collection 
of the Culture Collection of Yeasts (CCY), Sav, Institute of 
Chemistry. The tested culture was maintained at 26 °C on 
malt slant agar for 10 days.

C e l l u l o l y t i c  S u b s t r a t e
Wheat straw from local sources (0.3–0.5 mm particle 

size) was used as natural substrate. This substrates was steri-
lized in autoclave at 120 °C for 20 minutes.

o p t i m a l i z a t i o n  o f  C u l t u r e 
C o n d i t i o n s

Growth of A. pullulans was studied in three cultivation 
media – glucose medium (Gm), glucose medium with wheat 
straw (GSm) and basal medium with wheat straw (BSm) 
during solid-state (SSF) and submerged (SF) fermentation.

The glucose medium contained in grams per 1,000 g: 
Kno3, 2; K2hpo4, 1; mgSo4, 0.5; glucose, 50. The basal 
medium has the same composition as glucose medium but 
without glucose. The pH of the both media was adjusted to 5.6. 
These media were then autoclaved for 30 min at 121 °C and 
poured into Petri dishes with diameter of 9 cm and in 100 ml 
Erlenmayer flasks. Cultivation media with wheat straw also 
contained sterilized wheat straw (1 g wheat straw 100 ml–1 of 
medium).

 Petri dishes and Erlenmayer flasks were inoculated 
by three ways – with fungal spores obtained from 4 days 
grown cultures on malt agar, with three mycelial discs (each 
1 × 1 cm) obtained from 4 days fungal culture grown on glu-
cose agar and inoculation by loops. Growth of A.pullulans 
was observed at 26 and 32 °C.

E n z y m e  a s s a y
Laccase (EC 1.10.3.2) activity was determined by the 

oxidation of 2,2‘-azino-bis(3-ethylthiazoline-6-sulfonate) 
(aBTS) according to Buswell et.al.7 The reaction mixture for 
the standard assays contained 100 µl aBTS solution (1mm), 
300 µl sodium acetate buffer pH 5.0 (0.1m) and 600 µl 
enzyme extract. oxidation was followed via the increase in 
absorbance at 420 nm (ε420  =  36,000 m–1 cm–1). all enzyme 
assays were performed in triplicate.

Protein concentration was determined by Lowry et al. 
method8 with bovine serum albumin as standard.

Results
a comparison of growth pattern of A.pullulans in vari-

ous cultivation conditions as medium composition, tempera-
ture or method of inoculation was made and the results are 
presented in Table I. as Table I demonstrates, A. pullulans 
were grown in different type of solid media. In the course 
of liquid cultivations less growth was observed regardless of 
temperature. The best growth rate was obtained in GSm or 
BSm medium in comparison to Gm during solid-state fer-
mentation. 

The effect of method of inoculation varied from inocula-
tion with fungal spores (maximum growth) to inoculation by 
loops (minimum growth).

For testing of production of hydroxylase were cho-
sen microorganism aureobasidium pullulans by methods 
of azure-B agar and aBTS agar9. in an attemp to compare 
the production laccase during solid-state and submerged  
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fermentation, A. pullulans was studied in various solid and 
liguid media. No laccase activity could be detected in any 
solid media. In contrast to solid-state fermentation, this strain 
proceeded the maximum activity in liquid Gm, but low level 
of laccase was detected in BSm. Laccase production reached 
its maxima on 8 and 15 day for Gm and 7 day for GSm and 
BSm. (Fig. 1.).

Conclusions
our results indicated, that the conditions optimal for 

A. pullulans growth were determined for glucose medium 
with wheat straw, temperature 26 °C, inoculation by fungal 
spores and solid state fermentation. The results reported here 
also showed that optimal growth of A. pullulans and produ-
ction of laccase were not be detected for the same cultivation 
conditions.

During the optimalization of the culture medium hydro-
xylase activity reached higher level in the presence of yeast 
Aureobasidium pulllulans in the glucose medium without 
wheat straw during submerged cultivation. relatively higher 
laccase production on Gm showed twin peaks during their 
incubation. 

reapperance of enzyme activity during later stage of 
wheat straw degradation might be attributed to fungal autoly-
sis resulting in the release of cell membrane bound on intra-
cellular enzymes in the medium10. 

This work has been supported by Ministry of Education, 
Youth and Sports under project MSM 021630501.
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Table I
Growth rate of A. pullulans on different cultivations media 
– glucose medium (Gm), glucose medium with wheat straw 
(GSm) and basal medium with wheat straw (BSm)

 Incubation Type of  Solid state fermentation
 time inoculation Gm GSm BSm
 [days]  26/32 ̊ C 26/32 ̊ C 26/32 ̊ C
 

3
 Loop 0/+ 0/0 0/+

  Fungal spores +/+ +/+ 0/+
  mycelial discs 0/0 0/0 0/0
 

5
 Loop 0/+ 0/0 0/+

  Fungal spores +/+ +/+ +/+
  mycelial discs +/0 +/0 +/0
 

10
 Loop 0/+ ++/0 ++/+

  Fungal spores ++/+ ++/0 ++/+
  mycelial discs +/+ +/0 ++/+
 

14
 Loop 0/+ ++/+ +/+

  Fungal spores ++/+ ++/+ ++/+
  mycelial discs +/+ +/+ ++/++
0  =  no growth, +  =  growth, ++  =  extremelly growth

Fig. 1.	 Comparison	 of	 the	 production	 of	 laccase	 by	a. pullu-
lans	grown	on	three	different	culture	media	during	submerged	
cultivation
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Introduction
Pullulan is an extracellular water-soluble polysacharid 

produced by yeast-like strain Aureobasidium pullulans. it is 
a linear homopolysaccharide usually described as an a-(1–6) 
lincagen polymer, consisting mainly of maltotriose units1. 
The regular alternation of alpha-1,4 and alpha-1,6 bonds 
results in two distinctive properties, such as structure flexi-
bility, enhanced water-solubility and excellent film- and fiber 
forming properties2. Thanks these characteristic pullulan 
can be used in low-calorie food aidtives, cosmetic emulsi-
ons, oxygen-impermeable film for packaging, adhesives, and 
thickening and extending agents. recently, pullulan has been 
getting renewed attention as an excellent material for phar-
maceutical and biomedical application3.

Fermentation can be affected by different types of car-
bon and nitrogen source resulted in varying pullulan yields 
during the culture growth process, since the philamentous 
forms or chlamydospores are less productive than the yeast 
or pigment-free blastospores4.

In this work, several media with different type of carbon 
and/or nitrogen source were used for A. pullulans cultiva-
tion. PUr foams modified by 10 % of carboxymethyl cellu-
lose, 2-hydroxyethyl cellulose, acetylated starch and acetyl 
celulose, respectively were used as immobilization agents. 
a. pullulans cells were cultivated in Erlenmeyer flasks at 
28° C for 120 to 480 hours. First, all materials were tested 
as potential carbon/nitrogen source. Further, microorganisms 

were cultivated for 4–6 weeks in presence of PUr under per-
manent shaking. Samples were taken in 24-hour intervals, 
quantitative changes of biomass and pullulan content were 
determined gravimetrically and/or spectrophotometrically. 
additionally, surface microscopy of all degraded polyuretha-
nes was tested.

Material	and	methods
m i c r o o r g a n i s m  a n d  C u l t u r e 
C o n d i t i o n s

Strain of A. pullulans, CCm F-148 was purchased from 
Czech Collection of microorganisms. The culture was stored 
on medium with malt extract and yeast malt agar, respecti-
vely, at 4° C. For biodegradation experiments 100 ml of 
inoculum was prepared in 500 ml Erlenmayer flask. Culti-
vation was performed at 28 °C and 150 rpm for 24 hours. 
Inoculum as well as production medium contained (g dm–3): 
yeast extract 7, potassium phosphate 5, ammonium sulphate 
5, magnesium sulphate 0.34, glucose 40 was used as carbon 
source, distilled water. Initial pH was 6.5 before autoclaving. 
all flasks were incubated in an incubator shaker operating at 
28–30 °C and 150 rpm for 120 hours.

m a t e r i a l s
General chemicals: polyether polyol, tolylene diisocy-

anate 80/20 (TDI), tin and amine based catalysts, surfactant 
and water. Biodegradable fillers: acetylated starch (aS), 
acetylcellulose (aC) mn  =  30,000 Da and 2-hydroxyethyl-
cellulose (HEC) mn  =  90,000 Da. The foams were prepared 
by a three-step reaction process. The chemical composition 
of the pulverized BIo-PU foams was proved by an infrared 
spectroscopy on the Nicolet Impact 400D Fourier Transform 
Infrared (FTIr) spectrometer using the KBr technique.

m e a s u r e m e n d  o f  D r y  C e l l  W e i g h t 
a n d  p u l l u l a n  p r o d u c t i o n

Samples for analyses (10 ml) were taken from each flask 
in regular 24-hour intervals. Total biomass (summ of myce-
lial and yeast cells) was determined after centrifugation of the 
culture sample at 12,000 × g for 20 min and washing the sedi-
ment with distilted water gravimetrically (drying at 105 °C 
for 2 hours).

To analysis of pullulan production, supernatant was 
mixed with 2 volumes of absolute ethanol for 20 min. Pre-
cipited polysaccharide was separated by centrifugation or 
filtration and dried at 80 °C. Pullulan precipitate was purified 
twice by hot water and by ethanol. Crude pullulan yield was 
measured gravimetrically.

Pure polysaccharide content was determined by analysis 
of products of its enzymatic hydrolysis (effect of pullulanase 
resulted in maltotriose). The content of maltotriose was deter-
mined by Somogyi-Nelson method5, calibration with maltot-
riose was performed.

Fig. 1.	 Chemical	structure	of	polysaccharide	pullulan
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Results
Fig. 2. shows biomass and pullulan production in pre-

sence of modified PUr foams. It seems that the highest pul-
lulan production was observed in control medium (without 
PUr), so, PUr presence exhibited negative effect on pullan 
production.

Conclusions
Yeast strain aureobasidium pullulans can grow in pre-

sence of modified polyurethane foams. Degradation degree 
of BIo-PUr corresponded with growth of yeast culture. The 
highest degree of degradation was found in PUr modified by 

40 % carboxymethyl cellulose; degree of degradation decre-
ased with CmC concentration. 

according to our results of A. pullulans grown in PUr 
presence it seems that most of modified polyurethane foams 
exhibited slight negative effect on pullullan (4.3 g dm–3 con-
trol, 4.9 g dm–3 1% aCS-PUr, 3.2 g dm–3 rEF-PUr) as well 
as biomass production (11.5 g dm–3 control, 7.8 g dm–3 1% 
aCS-PUr, 8.9 g dm–3 rEF-PUr). acetyl cellulose was the 
only modification agent, which was able to enhance pullulan 
(6.5 g dm–3) as well as biomass (12.5 g dm–3) production.

This work was supported by project MSM 0021630501 
of the Czech Ministry of Education, Youth and Sports.
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Fig. 2.	 Biomass	and	pullulan	production	by	a. pullulans	grown	
in	presence	of	modified	PUR	foams
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Introduction
Plant oils are important renewable resources used as 

food; feed or as industrial feedstocks1. the Calendula seeds 
oil is currently considered a potential oilseed crop with indu-
strial or other functionalities. It is characterized by a high 
content of the unusual conjugated octadecatrienoic acid – 
calendic acid (18 : 3c 8t, 10t, 12c) and some other conjugated 
isomers, which give special chemical and physical proper-
ties2. There is an increasing interest for conjugated fatty acids 
since some of them were proved to have anticancer and lipid-
lowering effects3,4. Calendic acids have inhibitory effect on 
human colon cancer cells, decrease body fat content and have 
hepatoprotective effect5,6,7. Here we present the fatty acids 
distribution in the lipid fractions of Calendula seeds and the 
fatty acids variation during seeds maturation.

Experimental
E x t r a c t i o n  a n d  L i p i d  F r a c t i o n a t i o n 

Total lipids were extracted using Folch method8. neut-
ral lipids were separated by TLC with a solvent mixture 
of hexane: ethyl ether: acetic acid (95 : 15 : 1). Polar lipids 
were scratched, extracted and separated according to Heape 
method9.

Fatty	Acids	Analysis
The total lipid extract and the lipid fractions were tran-

sesterified with BF3/methanol. The methyl esters of fatty 
acids (FamE) were dissolved in hexane and injected for GC 
analysis. a Shimadzu GC 17a with FID detector and a Crom-
pack Silica 25 mXo capillary column (25 m × 0.25 mm i.d., 
film thickness 0.25 µm) was used. The temperature program 
was: 5 min at 70°C, 4 °C/min to 235 °C (hold 5 min). The 
injector temperature was 260 °C and the detector temperature 
– 260˚C. The carrier gas was helium.

S t e r o l s  a n a l y s i s
a part of total lipid extract was saponified by refluxing 

with 1m KoH ethanol/water (8 : 2, v/v) solution for 1 h. The 
unsaponifiables, containing total sterols, were then extracted 
first with petroleum ether and diethyl ether. The ether phases 
were combined, washed and evaporated to dryness.

The sterols were derivatized trimethyl silyl ether 
(TmS) derivatives and separated on fused silica capillary 
column coated with 5% phenyl/95% dimethylpolysiloxane 
(30 m × 0.25 mm i.d., film thickness 0.25 µm; rtx-5; res-
tek Corporation, Bellefonte, Pa, USa) and using the same 

GC system mentioned above. The temperature program was: 
5 min at 200 °C, 10 °C/min to 300 °C (hold 20 min). 

FamE and sterols peaks were identified by comparison 
of their retention times with those of commercially availa-
ble standards (Sigma). all extractions and GC-FID runs were 
performed in triplicate and mean values were calculated.

Results
Calendula seeds were analyzed in different stages 

during their maturation, seeds collected: immediately after 
flower drops (0), one week after (1) and two weeks after 
flower drops. (2). The fatty acids composition is presented 
in Fig. 1. The calendic acid represents – 8.62 % at first stage, 
it increased at 26.6 % one week after and reached the maxi-
mum content of 53 % in the mature seeds. The increasing of 
18 : 3c content occurs in the same time with the fast decrea-
sing of linoleic acid and a slow decrease of oleic acid, while 
stearic and linolenic acid remain almost to the same values 
during seeds maturation.

triacylglycerols (tag) contain the highest amount 
of conjugated fatty acids (33 %), while in diacylglycerols 
(Dag) and monoacylglycerols (mag) contain less than 
10 % (data not shown). The polar lipid (PL) fraction is highly 
unsaturated, with more than 65 % of linoleic acid. Conju-
gated acids are present in polar lipids fraction fact which can 
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Fig. 1.	 Fatty	acids	variation	during	seeds	maturation

Table I
Fatty acids distribution in lipid fractions

 Fatty acid TaG SE PL
 miristic 14 : 0 0.75 1.58 0.34
 Palmitic 16 : 0 6.41 21.25 12.88
 Stearic 18 : 0 2.47 2.65 2.84
 oleic 18 : 1 (9c) 7.33 10.02 7.21
 Linoleic 18 : 2 (9c, 12c) 47.2 47.8 65.56
 α-linolenic 18 : 3 1.17 3.15 3.13
 (9c, 12c, 15c)
 Conjugated acids 18 : 3c 33.33 11.5 6.56
 arachidic 20 : 0 0.65 2.25 0.31
 Gadoleic 20 : 1 (9c) 0.49 0.65 0.30
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be explained by the implication of phosphatidylcholine and 
some of his derivatives in the desaturation and transacyla-
tion processes. The esterified sterols (SE) contain the highest 
amount of palmitic acid, but also more than 11 % conjugated 
fatty acids (Table I). β-Sitosterol is the major phytosterol of 
seeds, representing 41 % of total sterols, followed by stig-
masterol with 18 %, ∆7 – sitosterol – 15 % and campesterol 
– 10 % (Table II)

Conclusions
The fatty acids composition of Calendula seeds is stron-

gly influenced by the degree of seeds maturation. Conjugated 

fatty acids reached maximum content in mature seeds. Con-
jugated fatty acids are concentrated in triacylglycerols and 
they are present in lower amount in other lipid fractions. 
Beside the industrial application, Calendula seeds oil can be 
considered as a nutraceutical due to his high content (over 
80 %) of biologically active polyunsaturated fatty acids and 
phytosterols.
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Table II
Sterols composition in Calendula seeds

 Component retention [mg 100 g–1]
  time [min] seeds
 5-α-cholestane-3-β-ol 40.23 –
 (internal standard)
 Cholesterol 39.63 4.23
 Campesterol 45.07 9.21
 Campestanol 45.60 0.42
 Stigmasterol 46.50 17.6
 Δ-7-Campesterol 48.57 1.42
 β-Sitosterol 49.78 38.9
 (Sitostanol + β-amyrin) 50.63 0.97
 Δ-5-avenasterol 51.05 3.72
 ∆-7-sitosterol 53.95 13.98
 ∆-7-avenasterol 55.13 2.91
 Citrostadienol 61.33 1.56
 Total sterol content  94.92
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Introduction
The chronic inflammation of human pancreas (chronic 

pancreatitis) is known to be associated with an increased 
generation of reactive oxygen species damaging pancreatic 
tissue1,2. one of the primary targets of these radicals are uns-
aturated fatty acids. The lipid peroxidation leads to formation 
of mutagenic compounds such as malondialdehyde (mDa) 
and 4-hydroxynonenal (4-HNE). Therefore, the main aim of 
the study was to determine mDa and 4-HNE plasma levels in 
patients with chronic pancreatitis using HPLC-DaD.

Experimental
m a t e r i a l s

EDTa tubes 7.5 ml (Sarstedt) were used for blood col-
lection. Water G CHromaSoLv® (for gradient elution), 
methanol G CHromaSoLv® (for gradient elution, aCS), 
acetonitrile CHromaSoLv® (for HPLC, gradient grade) 
and butylated hydroxytoluene (BHT) were purchased from 
Sigma-aldrich Ltd. Solid Phase Extraction (DSC-C18; Dis-
covery®, 1 ml Tube, 50 mg) tubes were obtained from Su-
pelco. EDTa disodium salt (EDTa-Na2) and trichloroacetic 
acid (TCa) were from Fluka – Biochemika. 2,4-dinitro-
phenylhydrazine (DNPH) and potassium dihydrogen-phos-
phate (Kh2po4) were purchased from Lachema and 35% hy-
drochloric acid (HCl) from Penta. all reagents and chemicals 
were analytical grade of highest purity. all organic solvents 
were HPLC grade.

p l a s m a  C o l l e c t i o n
a total of 105 patients (range 20 to 60 years; 69 males 

and 36 females) with chronic pancreatitis was included in the 
study. Blood samples were collected by venipuncture into 
EDTa tubes twice from each patient. The second blood col-
lection was performed six months after the first round. Whole 
blood was immediately centrifuged (3,500 rpm, 22 oC for 
10 min) and plasma was removed. aliquots of plasma in test 
tubes (1.5 ml, with 1.96 mm BHT) were snap frozen in liquid 
nitrogen and then stored at –80 °C. The same procedure for 
plasma collection was used for the healthy male and female 
volunteers (range 20 to 60 years, 10 males and 17 females).

 

p l a s m a  p r e p a r a t i o n
Hydrolysis of protein bound mDa and 4-HNE was 

achieved by incubating 500 µl plasma with 250 µl 0.25 n 
hydrochloric acid in 60 oC water bath for 40 min. Then, pro-
tein was precipitated with 250 µl 15% trichloracetic acid, and 
the mixture was centrifuged (16,000 G, 4 oC for 10 min). The 
supernatant was further used for HPLC analysis.

h p L C  a n a l y s i s
For derivatization, 100 µl or 200 µl of DNPH reagent 

(5 mm solution in 2 m HCl) was added to 600 µl of super-
natant for mDa-DNPH products or to 1,000 µl of superna-
tant for 4-HNE-DNPH products. This reaction mixture was 
incubated for 60 min at room temperature protected from 
light. 4-HNE-DNPH adducts were extracted with SPE tubes 
– DSC-C18 which were conditioned with 1 ml of methanol, 
then with 1 ml 25 mm KH2po4 for adjustment acidic pH 3 
of the sample matrix. Concentrated 4-HNE-DNPH adducts 
were eluated with 300 µl of acetonitrile. The adducts of 4-
HNE-DNPH and mDa-DNPH after reaction with DNPH 
were directly injected onto Cogent™ Bidentate C18 column 
(4.2 µm, 4.6 × 150 mm I.D.) with pre-column metaGuard Po-
laris-C18 (5 µm, 4.6 mm). Chromatography was performed 
using agilent 1100 series and DNPH derivates of aldehydes 
(mDa-DNPH and 4-HNE-DNPH) were detected with agi-
lent 1100 photo-diode detector at 310 nm (mDa) or 350 nm 
(4-HNE) at flow-rate 1 ml min–1 with an isocratic elution 
acetonitrile-water-acetic acid (40 : 60 : 0.2, v/v/v) for mDa-
DNPH detection and with linear gradient of acetonitrile-wa-
ter-acetic acid (50 : 50 : 0.2, v/v/v) to acetonitrile-water-acetic 
acid (80 : 20 : 0.2) in 20 min (for 4-HNE-DNPH determina-
tion). The amounts of mDa and 4-HNE were quantified 
by performing peak area analysis using external calibration 
curve. The plasma concentrations of mDa and 4-HNE were 
expressed as µmol dm–3.

S t a t i s t i c a l  a n a l y s i s
Data are reported as mean ± S.E.m. The data were sta-

tistically analyzed by Student´s t-test. a P value of less than 
0.05 was considered significant.

Results
Fig. 1.(a) and Fig. 1.(b) demonstrate the concentration 

of mDa and 4-HNE in plasma of patients with chronic pan-
creatitis in the 1st and 2nd blood collection compared with 
healthy volunteers (control). mDa concentrations (mean 
0.29  ±  S.E.m. 0.01 µmol dm–3) in plasma from the 1st blood 
collection were significantly higher in comparison with 
healthy controls. moreover, mDa levels (mean 0.41  ±  S.
E.m. 0.02 µmol dm–3) in the plasma from the 2nd blood col-
lection were significantly higher not only in comparison 
with healthy controls but also in comparison with mDa 
levels in plasma from the 1st blood collection. Similarly, 
the concentrations of 4-HNE were significantly increased 
in plasma from the 1st blood collection (mean 0.31  ±  S.
E.m. 0.05 µmol dm–3) in comparison with healthy controls.  
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However, the levels of 4-HNE in the 2nd blood collection 
(mean 0.19  ±  S.E.m. 0.01 µmol dm–3) were only slightly el-
evated in comparison with healthy controls. The concentra-
tion trend of 4-HNE is not correlated with mDa between the 
1st and 2nd blood collection.

Conclusions
In the present study, we demonstrated that the chronic 

inflammation in pancreas is accompanied with an increased 
concentration of secondary products of lipid peroxidation 
as mDa and 4-HNE in blood plasma. This observation is in 
agreement with published studies of other authors3,4.

In contrast with 4-HNE, the concentration of mDa in 
plasma increased gradually during the followed time period. 
It can be suggested that mDa rather then 4-HNE could be a 
good biomarker5,6,7 for monitoring of oxidative stress in pa-
tients with chronic pancreatitis and a progress of the disease.

To confirm this suggestion, these patients will be exam-
ined periodically in the consequent two years.

This study was conducted under the research plan 
AVOZ50040507 and supported by grant NR 9295-3 (Internal 
Grant Agency of Ministry of Health of The Czech Republic).
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Introduction
Benzimidazole and its derivatives have a long history 

as antimicrobial agents. Several thousands of benzimidazole 
analogs have been synthesized and screened for pharmaco-
logical activity. They are of wide interest because of their 
diverse biological activity and clinical applications. These 
heterocycle systems have different activities as they can act 
as bacteriostats or bactericides, as well as fungicides1–5 and 
they are present in numerous antiparasitic, antitumoral and 
antiviral drugs.6–7 also, some of them exhibit appreciable 
antiprotozoal activity8. It was confirmed to have a moderate 
in vitro anti-HIv activity9. The success with these group of 
molecules stimulated the search for new biologically active 
derivatives. Understanding the role of chemical structure on 
biological activity is very important. Predictions of biological 
and physicochemical properties of molecules based on their 
structure are the fundamental and most interesting objectives 
of chemistry.

The conception that there exists a close relationship 
between bulk properties of compounds and the molecular 
structure of those compounds is quite rooted in chemistry. 
This idea allows one to provide a clear connection between 
the macroscopic and the microscopic properties of matter, 
and thus has been firmly established as one of the central 
foundations of chemistry. Therefore, it is the basic tenet of 
chemistry to attempt to identify these assumed relationships 
between molecular structure and physico-chemical properties 
and then to quantify them.

a large number of research studies are nedded to ana-
lyze the pharmacophore present in these compounds using 
the Three Dimensional QSar (quantitative structure-activity 
relationship) methods.10–12 the physicochemical properties 
predicted from structure are helpful in the search for new 
molecules of similar or increased biological activity. QSar 
studies enable the investigators to establish reliable quan-
titative structure-activity relationships, to derive a QSar 
model and predict the activity of novel molecules prior to 
their synthesis.13–16. These studies reduce the trial- and error 
element in the design of compounds by establishing mathe-
matical relationships between physical, chemical, biological, 
or environmental activities of interest and measurable or 
computable parameters such as physicochemical, electronic, 
topological, or stereochemistry. 3D-QSar methodology has 
been succesfully used to generate models for various chemo-
therapeutic agents.

Progress in the use of QSar methods has shown the 
importance of the hydrophobic or lipophilic nature of bio-
logically active molecules. The lipophilicity modifies the 
penetration of bioactive molecules through the apolar cell 
membranes. This property is usually characterized by parti-
tion coefficient (logP), which is essentially determined from 
distribution studies of the compound between an immiscible 
polar and non-polar solvent pair. To measure logP by the 
conventional “shake-flask” technique17 is difficult and time 
resuming. it is complicated to determine logP for substan-
ces that are not very soluble in water or can not be detected 
by conventional techniques. Instead of measuring the logP 
values by equilibrium methods, partition chromatographic 
data can be determined. 

one of the most frequently used methods for lipophili-
city measuring is reversed-phase thin-layer chromatography 
(rp tLC)18–22. Lipophilicity can be expressed in terms of 
many different descriptors (logP, π, f, logkw, Rm, Rm

0) obtai-
ned experimentally or calculated. most frequently used expe-
rimental parameters are retention constants, Rm

0 (rp tLC) 
and logkw (rP HPLC), whilst the calculated factor is logP. 
Samples of pure compounds are not always available, so it is 
important to develop QSar methods that can efficiently pre-
dict biological activity by using theoretical descriptors com-
puted from the chemical structure. logP is also used in many 
environmental studies to determine the environmental fate of 
chemicals. By knowing exact values for this parameter, it is 
possible to predict the inhibitory activity of a drug.

In this context, the aim of the present study was to 
investigate the activity of different substituted 2-amino and 
2-methylbenzimidazoles against yeast Saccharomyces cere-
visiae and study the quantitative effect of lipophilicity on 
antifungal activity. The main objective was to establish a 
quantitative lipophilicity-inhibitory activity relationships and 
derive a high-quality model which would link the lipophili-
city of these compounds with their inhibitory activity.

Experimental
The structures of the benzimidazoles tested in this study 

are presented in Table I. all the compounds, except (1) and 
(8) were synthesized by a general procedure described by 
vlaović23. 2-aminobenzimidazole (1) and 2-methylbenzi-
midazole (8) were of analytical reagent grade, commercially 
available.

a n t i f u n g a l  a c t i v i t y
all the benzimidazole derivatives were tested for their in 

vitro growth inhibition activity against yeast Saccharomyces 
cerevisiae (aTCC 24860). For the evaluation of the antifun-
gal activities of the samples, agar disc diffusion method was 
used as described by NCCLS24. 

The strains were grown on Sabouraud Dextrose slants 
for 24 hours at 25 °C and checked for purity. after incubation 
the cells were washed from the surface of agar and suspen-
ded in a sterile phisyological solution. The number of cells in 
1 ml of suspension for inoculation, measured by mc Farland  
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nefelometer, was 1 × 107 CFu cm–3. The 1 ml of this suspensi-
ons was homogenized with 9 ml of melted (45 °C) Sabouraud 
Dextrose agar and poured into Petri dishes. on the surface of 
the agar the 6 mm diameter sterile paper discs (hi media, 
mumbai, India) were put and impregnated with 10–3 ml of 
samples. The plates were incubated for 24–47 hours at 25 °C, 
and the diameter of the resulting inhibition zone (including 
the disc) was measured (in mm). The evaluation of antifungal 
activities of samples was carried out in three repetitions.

minimum inhibitory concentration (mIC) was deter-
mined by the agar dilution method according to guidelines 
established by the NCCLS standard m7-a525. The mIC of 
tested benzimidazoles is defined as the lowest concentration of 
the compound at which no growth of the strain is observed in 
time and under specified experimental conditions. Stock soluti-
ons of the compounds were prepared in dimethylformamide 
(DmF). Further dilutions were performed with distilled 
water. The inoculated plates were then incubated at 35 °C 
for 16–20 h. a control (using DmF without any test com-
pound) was included for each organism. It was determined 
that the solvent had no activity against any of the test micro-
organisms. The negative logarithms of molar mICs (log1/cmiC) 
were determined and used for further calculations.

m o l e c u l a r  m o d e l i n g  a n d  l o g  P 
C a l c u l a t i o n s 

molecular modeling studies were performed by using 
CS Chem-office Software version 7.0 (Cambridge soft-
ware) running on a P-III processor26. all molecules were 
constructed by using Chem Draw Ultra 7.0 and saved as 
the template structure. For every compound, the template 
structure was suitably changed considering its structural 

features, copied to Chem 3D 7.0 to create a 3-D model and, 
finally, the model was clened up and subjected to energy 
minimization using molecular mechanics (mm2). The mini-
mization was executed until the root mean square (rmS) 
gradient value reached a value smaller than 0.1 kcal mol–1⋅a. 
The austin model-1 (am-1) method was used for re-opti-
mization until the rmS gradient attained a value smaller 
than 0.0001 kcal mol–1⋅a using moPaC. The lowest energy 
structure was used for each molecule to calculate lipophili-
city parameters (Table II).

S t a t i s t i c a l  m e t h o d s
The complete regression analysis was carried out by 

PaSS 2005, GESS 2006, NCSS Statistical Softwares27.

Results
The results of antifungal studies of benzimidazoles 

tested against Saccharomyces cerevisiae are summarized in 
Table III. as indicated, all the compounds show antifungal 
activities against the tested yeast. Consequently, compounds 
with high log1/cmiC are the best antifungals. The mICs were 
compared with Ketoconazole and amphotericin which were 
screened under similar conditions as reference drugs. 

In order to identify the effect of lipophilicity on the 
inhibitory activity, QSar studies of title compounds were per-
formed.

a set of benzimidazoles consisting of 14 molecules was 
used for multilinear regression model generation. The refe-
rence drugs were not included in model generation as they 
belong to a different structural series. an attempt has been 
made to find structural requirement for inhibition of Saccha-
romyces cerevisiae using QSar Hansch approach on benzi-
midazole derivatives. To obtain the quantitative effects of the 
lipophilicity parameter of benzimidazole derivatives on their 
antifungal activity, QSar analysis with log P was operated. 

Table I
The structures of the compounds studied

 Compound r1 r2
 1 nh2 h
 2 nh2 C6h5–Ch2
 3 nh2 4–CH3–C6h4–Ch2
 4 NH2 4–Cl–C6h4–Ch2
 5 nh2 C6h5–Co
 6 nh2 4–CH3–C6h4–Co
 7 nh2 4–Cl–C6h4–Co
 8 Ch3 h
 9 Ch3 C6h5–Ch2
 10 Ch3 4–CH3–C6h4–Ch2
 11 Ch3 4–Cl–C6h4–Ch2
 12 Ch3 C6h5–Co
 13 Ch3 4–CH3–C6h4–Co
 14 CH3 4–Cl–C6h4–Co

Table II
Data of the lipophilicity parameters

 Compound log P
 1 0.99
 2 2.96
 3 3.44
 4 3.52
 5 2.84
 6 3.32
 7 3.39
 8 1.48
 9 3.45
 10 3.94
 11 4.01
 12 3.33
 13 3.81
 14 3.89
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usually, lipophilicity parameters are linearly related to 
pharmacological activity (mICs), but in the more general 
case this relationship is not linear28. Therefore, it was made 
a complete regression analysis resorting to linear, quadratic 
and cubic relationships. The statistical quality of the resulting 
models is determined by correlation coefficient (r), standard 
error of estimation (s), and probability factor related to F-
ratio (F). Good quality of mathematical models was obtai-
ned in cases of quadratic and cubic relationships, as depicted 
in Eqs.(1) and (2). It is noteworthy that both equations were 
derived using entire data set of compounds (n  =  14) and no 
outliers were identified. The F-value obtained in Eqs.(1) 
and (2) is found statistically significant at 99 % level since 
all the calculated F values are higher as compared to tabu-
lated values. It is apparent from the data that fitting equations 
improve when resorting to second order polynomial. 

For the estimation of the quality with regard to predic-
tive ability of the best model (2), the cross-validation statisti-
cal technique has been applied. The simplest and most gene-
ral cross-validation procedure is the leave-one-out technique 
(Loo technique). This method uses cross-validated fewer 
parameters: PrESS (predicted residual sum of squares), SSY 
(total sum of squares deviation), r2

Cv and r2
adj (Table Iv). 

PrESS is an important cross-validation parameter as it is a 
good approximation of the real predictive error of the models. 
Its value being less than SSY points out that the model pre-

dicts better than chance and can be considered statistically 
significant. The present models have PrESS << SSY. From 
the PrESS and SSY, r2

Cv can be easily calculated:

r2
Cv = 1 – PrESS/SSY (3)

But, the only way to estimate the true predictive power 
of a model is to test their ability to predict accurately the bio-
logical activities of compounds. In order to verificate the pre-
dictive power of the developed model, predicted log1 /cmiC 
values of benzimidazoles investigated were calculated by 
using Eq.(2) and compared with the experimental values.

Based on the magnitude of residue, there is a close agree-
ment between the observed and calculated inhibitory activity 
(Table III). Further the plot of linear regression predicted 
log 1/cmiC values against the observed log 1/cmiC values also 
favor the model expressed by Eq.(2) (Fig. 1.).

In order to investigate the existence of a systemic error 
in developing the QSar models, the residuals of predicted 
log 1/cmiC were plotted against the observed log 1/cmiC values 
(Fig. 2.). The propagation of the residuals on both sides of 
zero indicates that no systemic error exists in the develop-
ment of regression models as suggested by Jalali-Heravi and 
Kyani29.

From the derived model, it can be concluded that strong 
influence of the partition coefficient, log P, is important for 
the antifungal activity and this parameter is usually related to 

Table III
antifungal screening summary

 Compound log 1/cmiC log 1/cmiC residuals  exp. predict.
 1 3.726 3.772 –0.046
 2 4.854 4.946 –0.092
 3 4.579 4.498 0.081
 4 4.615 4.632 –0.017
 5 4.880 4.986 –0.106
 6 4.604 4.657 –0.053
 7 4.638 4.568 0.07
 8 4.325 4.231 0.094
 9 4.551 4.483 0.068
 10 3.277 3.435 –0.158
 11 3.313 3.229 0.084
 12 4.577 4.645 –0.068
 13 3.602 3.778 –0.176
 14 3.637 3.573 0.064
 Ketoconazole 4.628 – –
 amphotericin 4.869 – –

log 1/cmiC  =  –0.748 log P2 + 3.654  log P + 0.712 (1)
r  =  0.962; s  =  0.171; F  =  69.32

log1/cmiC  =  –0.201  log P3 + 0.863  log P2  –
0.263 log P  +  3.382 

(2)

r  =  0.979; s  =  0.134; F  =  77.56

Table Iv
Cross-validation parameters

 Eq.(2)
 PrESS 1.317
 SSY 4.370
 PrESS/SSY 0.301
 r2

Cv 0.699
 r2

adj 0.946

Fig. 1.	 Plots	of	predicted	versus	experimentally	observed	inhi-
bitory	activity	against	Saccharomyces cerevisiae
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pharmacological activity. This evidence was clearly described 
in lipid theory advanced by meyer and overton. according 
to this theory, log P is a measure of hydrophobicity which is 
important for the penetration and distribution of the drug, but 
also for the interaction of drug with receptors. Therefore, it 
can be suggested that lipophilic properties have to be checked 
for designing of potent antifungal agents as they are deciding 
factors for its activity.

Conclusions
QSar analysis was performed to estimate the quanti-

tative effects of the lipophilicity parameter, logP, of the dif-
ferent substituted 2-amino and 2-methylbenzimidazole deri-
vatives on their antifungal activity against Saccharomyces 
cerevisiae. log P values were calculated for each molecule, 
and high-quality mathematical model relating the inhibitory 
activity, log 1/cmiC, and log P was defined.. For the estimation 
of the predictive ability of this model, the cross-validation 
statistical technique was applied. Comparison of the linear, 
quadratic and cubic relationships showed that the cubic equa-
tion was the most appropriate for prediction of antifungal 
activity of the investigated class of molecules. It is conclu-
ded that strong influence of the partition coefficient, log P, is 
important for the inhibitory activity and this parameter is usu-
ally related to pharmacological activity. The obtained mathe-
matical model was used to predict antifungal activity of the 
benzimidazoles investigated and close agreement between 
experimental and predicted values was obtained. It indicates 
that this model can be successfully applied to predict the anti-
fungal activity of these class of molecules. 

This work has been supported by Ministry of Science 
and Environment Protection of the Republic of Serbia as are 
the part of the project No. 142028
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Introduction
Quantitative structure-activity relationships (QSar) 

represent an attempt to correlate structural or property 
descriptors of compounds with activities. These physico-
chemical descriptors, which include parameters to account 
for hydrophobicity, topology, electronic properties, and ste-
ric effects, are determined empirically or, more recently, by 
computational methods. activities used in QSar include 
chemical measurements and biological assays. For example, 
biological activity can be expressed quantitatively as in the 
concentration of a substance required to give a certain bio-
logical response. additionally, when physiochemical proper-
ties or structures are expressed by numbers, one can form a 
mathematical relationship, or quantitative structure-activity 
relationship, between the two. The mathematical expres-
sion can then be used to predict the biological response of 
other chemical structures. QSar currently are being applied 
in many disciplines, with many pertaining to drug design 
and environmental risk assessment. Using QSar, it can be 
obtained an estimate of the activity of a chemical from its 
molecular structure only.1–7 QSar offers the possibility for 
screening a large number of chemicals in a short time and 
with low cost.

The benzimidazole nucleus, which is a useful structure 
for further research and for development of new pharmaceu-
tical molecules, has received much attention in last decade. 
Because of their antimicrobial activities, new benzimidazoles 
have been synthesized and investigated for medical applica-
tions. Position and type of the substituents on the benzimida-
zole ring are responsible for the variety of biological activity. 
many derivatives of benzimidazole are well known as anti-
bacterial agents, as well as this class of compounds have been 
found to show antimicrobial activities against Gram-positive 
and Gram-negative bacteria, primarly because of the poten-
tial bio-activity of benzimidazole-based ligands.8–15 So, the 
incorporation of the imidazole and benzimidazole nuclei is an 
important synthetic strategy in drug discovery. 

Synthesis of benzimidazoles fused to another hetero-
cyclic ring has attracted wide spread attention due to their 
diverse application as antioxidant16,17, antifungal18, antitu-
bercular19, anticancer20,21 and antiallergic drugs22. various 
benzimidazoles are also effective inhibitors of the growth of 
HIv-virus23,24.

In view of above and in continuation of our studies on 
inhibitory activities of benzimidazole derivatives4–7,11–14, 
as well as on correlation of molecular properties with acti-

vity, the objective of this investigations was to study the use-
fulness of QSar in the prediction of the antibacterial activity 
of benzimidazole derivatives against Gram-negative bacte-
ria Pseudomonas aeruginosa. the multiple linear regression 
(mLr) models have been developed as a mathematical equa-
tions which relate chemical structure to the inhibitory acti-
vity.

Experimental
The investigated compounds (Table I) were synthesized 

by procedure described earlier25.

a n t i b a c t e r i a l  I n v e s t i g a t i o n s
all the benzimidazole derivatives were evaluated for 

their in vitro growth inhibitory activity against bacteria Pseu-
domonas aeruginosa (АТCC 27853). antibacterial activities 
of the compounds were tested by the disc-diffusion method 
under standard conditions using mueller-Hinton agar medium 
as described by NCCLS26.

The investigated isolate of bacteria was seeded in the 
tubes with nutrient broth (NB). It was taken 1 ml of seeded 
NB and homogenized in tubes with 9 ml of melted (45 oC) 
nutrient agar (Na). The homogenous suspension was poured 
out in Petri dishes. The discs of filter paper (diameter 5 mm) 
were ranged on cool medium. after cooling on formed solid 
medium, 2 × 10–5 dm3 of the investigated compounds were 
placed by micropipette. after incubation of 24 hours in ther-
mostat at 25–27 °C, inhibition (sterile) zone diameters (inclu-
ding disc) were measured (in mm). Inhibition zone diameter 
over 8 mm indicates the tested compound is active against 
microorganism. Every test was done in three replications.

minimum inhibitory concentration (mIC) was per-
formed by the agar dilution method according to guidelines 
established by the NCCLS standard m7-a527.

Table I
Structural formulae of the compounds

 Cmpd r1 r2 r3 r4

 1 Ch3 h Ch3 Ch3
 2 Cl h Ch3 Ch3
 3 F h Ch3 Ch3
 4 oCH3 h Ch3 Ch3
 5 Ch3 nh2 h h
 6 Cl nh2 h h
 7 F nh2 h h
 8 oCh3 nh2 h h
 9 Ch3 nh2 Ch3 Ch3
 10 Cl nh2 Ch3 Ch3
 11 F nh2 Ch3 Ch3
 12 oCh3 nh2 Ch3 Ch3
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The mIC of tested benzimidazoles is defined as the lowest 
concentration of the compound at which no growth of the strain 
as observed in a period of time and under specified experimen-
tal conditions. Stock solutions of the compounds were pre-
pared in dimethylformamide (DmF). Further dilutions were 
performed with distilled water. The concentration range of 
the compounds tested was between 6.25–125 µg ml–1. the 
inoculated plates were than incubated at 35 °C for 16–20 h. a 
control using DmF without any test compound was included 
for each organisms. There was no inhibitory activity in the 
wells containing only DmF. The mIC values of the benzimi-
dazoles tested were obtained as µg ml–1. In order to classify the 
antibacterial activity, we established comparisons with anti-
bacterial agents currently employed in therapeutic treatment. 
The mICs were compared with ampicillin and Gentamicin 
which were screened under similar conditions as reference 
drugs.

m o l e c u l a r  m o d e l i n g 
all molecular modeling studies were performed by 

using HyperChem 7.5 software (HyperCube Inc, version 7.5) 
running on P-III processor28. hyperChem includes a model 
builder that turns a rough 2Dsketch of a molecule into 3D. 
The created 3-D models were cleaned up and subjected to 
energy minimization using molecular mechanics (mm2). the 
minimization is executed until the root mean square (rmS) 
gradient value reaches a value smaller than 0.1 kcal mol–1.a. 
The austin model-1 (am-1) method was used for re-opti-
mization until the rmS gradient attains a value smaller 
than 0.0001 kcal mol–1.a using moPaC. The lowest energy 
structure was used for each molecule to calculate molecular 
descriptors.

D e s c r i p t o r s  g e n e r a t i o n
The numerical descriptors are responsible for encoding 

important features of the structure of the molecules and can 
be categorized as electronic, geometric, hydrophobic, and 
topological characters. Descriptors were calculated for each 
compound in the data set, using the software HyperChem28, 
Dragon29, and CS Chem office Software version 7.0(ref.30). 
Since there was a large number of desriptors for each com-
pound, Pearson’s correlation matrix was used as a qualitative 
model, in order to select the suitable descriptors for mLr 
analysis. The eight descriptors which were showing maxi-
mum correlation with inhibitory activity were chosen for fur-
ther evaluation. The values of descriptors selected for mLr 
model are presented in Table II (molar refractivity (MR), 
polarizability (P), molar volume (MV), hydration energy 
(HE), total energy (TE), surface area grid (SAG), and parti-
tion coefficient (log P)).

S t a t i s t i c a l  m e t h o d s
The complete regression analysis were carried out by 

PaSS 2005, GESS 2006, NCSS Statistical Softwares31. the 
Elimination Selection Stepwise regression (ES-SWr) algo-
rithm was used to select the most appropriate descriptors. ES-

SWr is a popular stepwise technique that combines Forward 
Selection (FS-SWr) and Backward Elimination (BE-SWr). 
It is basically a forward selection approach, but at each step 
it considers the possibility of deleting a variable as in the 
backward elimination approach, provided that the number of 
model variables is greater than 2.

Results
The substituted benzimidazoles were first evaluated for 

in vitro antibacterial activity against Gram-negative bacteria 
Pseudomonas aeruginosa. The values of mIC are summari-
zed in Table III. The screening results reveal that all the com-
pounds exhibited in vitro activity against the tested strain. 

In an effort to determine the role of structural features, 
QSar study was undertaken. a set of benzimidazoles con-
sisting of 12 molecules was used for multilinear regression 
model generation.

The reference drugs were not included in model genera-
tion as they belong to a different structural series. Different 
physicochemical, steric, electronic, and structural molecular 
descriptors were used as independent variables and were cor-
related with antibacterial activity.

Developing a general model requires a diverse set of 
data, and, thereby a large number of descriptors have to be 
considered. Desriptors are numerical values that encode diff-

Table II
values of molecular descriptors used in the regression ana-
lysis

 Cmpd mr p mv he
 1 87.25 30.78 811.60 –1.00
 2 87.69 30.87 804.81 –1.86
 3 83.10 28.85 777.39 –2.23
 4 89.34 31.42 841.79 –3.68
 5 81.56 28.46 744.54 –6.39
 6 81.99 28.55 736.31 –7.16
 7 77.40 26.53 704.51 –7.31
 8 83.65 29.1 771.05 –8.95
 9 90.12 32.13 844.29 –4.26
 10 89.24 32.22 833.57 –5.38
 11 85.97 30.2 802.16 –5.21
 12 92.27 32.77 871.99 –6.83
  TE Dm SaG log P
 1 27.17 3.98 490.32 4.24
 2 26.87 3.974 429.54 4.31
 3 27.02 3.976 477.14 3.91
 4 28.92 3.978 507.17 3.63
 5 26.35 4.464 458.41 3.44
 6 26.03 4.427 450.08 3.52
 7 26.07 4.428 433.17 3.12
 8 27.94 4.429 470.97 2.83
 9 27.67 4.428 503.71 4.42
 10 27.18 4.409 498.16 4.49
 11 27.46 4.410 480.77 4.09
 12 29.38 4.406 517.74 3.80
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erent structural features of the molecules. Selection of a set of 
appropriate descriptors from a large number of them requires 
a method, which is able to discriminate between the parame-
ters. Pearson’s correlation matrix has been performed on all 
descriptors by using NCSS Statistical Software. The analysis 
of the matrix revealed 8 descriptors for the development of 
mLr model (Table II).

mathematical models were formed by a stepwise addi-
tion of terms. a delition process was then employed where 
each variable in the model was held out in turn and using the 
remaining parameters models were generated. Each descrip-
tor was chosen as input for the software package of NCSS 
and then the stepwise addition method implemented in the 
software was used for choosing the descriptors contributing 
to the antibacterial activity of benzimidazole derivatives.

The partition coefficient (log P) tends to correlate with 
antibacterial activity exclusively and the best monoparamet-
ric model was found to be the following:

addition of HE as an additional parameter to log P, 
increased the correlation coefficient from 0.932 to 0.951 
(Eq.(2)).

It should be noted that the addition of other parameters 
to log P and HE does not significantly improved the correla-
tion coefficients. However, if quadratic values of descriptors 
were included in the stepwise multiple regression procedure, 
the best correlation was found as depicted in Eq.(3).

For the testing the validity of the predictive power 
of selected mLr model (3) the leave-one-out technique 

(Loo technique) was used. The developed model was vali-
dated by the calculation of following statistical parameters: 
predicted residual sum of squares (PrESS), total sum of squa-
res deviation (SSY), cross-validated correlation coefficient 
(r2

Cv), and adjusted correlation coefficient (r2
adj) (Table Iv).

PrESS is an important cross-validation parameter as it 
is a good approximation of the real predictive error of the 
models. Its value being less than SSY points out that the 
model predicts better than chance and can be considered sta-
tistically significant. Thus, in view of this, model 3 is statis-
tically significant. Further, to be a reasonable QSar model, 
PrESS/SSY ratio should be lesser than 0.4. The data pre-
sented in Table Iv indicate that for the developed model this 
ratio is 0.160. The high value of r2

Cv and r2
adj are the essential 

criteria for qualifying the QSar model 3 as the best one.
To confirm the predictive power of a model the inhibitory 

activitiy of 12 molecules included in the study was calculated 
by the model 3. The data presented in Table III show that the 
observed and the estimated activities are very close to each 
other. It indicates the good predictability of the established 
model 3. Fig. 1. shows the plots of linear regression predicted 
versus experimental values of the antibacterial activity of 
benzimidazoles investigated. To investigate the existence of a 
systemic error in developing the QSar models, the residuals 

Table III
antibacterial screening summary

 Compound log 1/cmiC log 1/cmiC residuals  exp. predict.
 1 4.602 4.636 –0.034
 2 4.637 4.636 0.001
 3 4.609 4.518 0.091
 4 4.328 4.373 –0.045
 5 4.278 4.213 0.065
 6 4.314 4.235 0.079
 7 3.981 3.993 –0.012
 8 3.704 3.732 –0.028
 9 4.627 4.607 0.020
 10 4.659 4.591 0.068
 11 4.333 4.433 –0.100
 12 4.352 4.372 –0.020
 ampicillin 4.446 – –
 gentamicin 5.787 – –

log 1/cmiC  =  0.518 log P + 2.391 (1)
n  =  12; r  =  0.932; s  =  0.085; F  =  66.43

log 1/cmiC  =  0.415 log P + 0.031 HE + 2.940 (2)
n  =  12; r  =  0.951; s  =  0.010; F  =  42.21

log 1/cmiC  =  –0.201 log P2 + 1.930 logP–
0.001 he2+ 0.014 HE + 0.082 

(2)

n  =  12; r  =  0.967; s  =  0.008; F  =  25.41

Table Iv
Cross-validation parameters

 Eq.(2)
 PrESS 0.151
 SSY 0.942
 PrESS/SSY 0.160
 r2

Cv 0.840
 r2

adj 0.900

Fig. 1.	 Plots	of	predicted	versus	experimentally	observed	inhi-
bitory	activity	against	Pseudomonas aeruginosa
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of predicted values of inhibitory activity were plotted against 
the experimental values in Fig. 2. The propagation of the resi-
duals on both sides of zero indicates that no systemic error 
exists in the development of regression models as suggested 
by Jalali-Heravi and Kyani32. it indicates that these models 
can be successfully applied to predict the antibacterial acti-
vity of these class of molecules. 

Conclusions
From the results and discussion made above, we 

conclude that the 1-benzylbenzimidazole derivatives are ef-
fective in vitro against the Gram-negative bacteria Pseudo-
monas aeruginosa. molecular modeling and QSar analysis 
were performed to find the quantitative effects of the molecu-
lar structure of the compounds on their antibacterial activity. 
The problem of selecting the appropriate descriptor as input 
for theoretical model was overcome by Pearson correlation 
matrix, which can be used as a tool for identifying the appro-
priate descriptors when a large number of them with diffe-
rent features are available. an accurate mathematical model 
was developed for predicting the inhibitory activity of some 
benzimidazole derivatives. The validity of the model has 
been established by the determination of suitable statistical 
parameters. The established model was used to predict inhi-
bitory activity of the benzimidazoles investigated and close 
agreement between experimental and predicted values was 
obtained. The low residual activity and high cross-validated 
r2 values (r2

Cv) observed indicated the predictive ability of 
the developed QSar model. It indicates that the antibacterial 
activity of series of 1-benyzlbenzimidazole derivatives can 
be successfully modeled using different molecular descrip-
tors.

This work has been supported by Ministry of Science 
and Environment Protection of the Republic of Serbia as are 
the part of the project No. 142028.
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Introduction
Physiological activity and commercial applications of 

many benzimidazole derivatives have received much atten-
tion. Benzimidazole and its derivatives have different acti-
vities as they can act as bacteriostats or bactericides and 
fungicides.1–10 Extensive biochemical and pharmacological 
activities have confirmed that these molecules are effective 
against rNa viruses and inhibit the formation of virus 
induced rNa polymerase, thereby preventing or retarding 
rNa synthesis various strains of microorganisms.11–14 anti-
microbial activity of these class of compounds against Heli-
cobacter pylori15 and oral Streptococci16 was also reported. 
Synthesis of benzimidazoles fused to another heterocyclic 
ring has attracted wide spread attention due to their diverse 
application as antioxidant17,18, antifungal19, antitubercular20, 
anticancer21,22, and antiallergic drugs23. also, some of these 
compounds exhibited anti-HIv activity24,25.

The complexes of transition metals with benzimidazole 
and related ligands have been extensively studied as models 
of some important biological molecules26. It was found that 
the complexes showed larger antimicrobial activitiy than the 
ligands applied alone.

Following our studies of the reactivity of benzimidazole 
derivatives with metallic halides5–8, we evaluated the anti-
bacterial activity of this type of complexes in this study. We 
report in vitro inhibitory activities of 1-benzylbenzimidazo-
les and their nickel (II) complexes against three gram-posi-
tive bacterial strains: Bacillus cereus, Staphylococcus aureus 
and Sarcina lutea, one gram-negative isolate: Pseudomonas 
aeruginosa.

Experimental
In the present paper we evaluated the antibacterial 

activity of nickel (II) complexes with the following star-
ting ligands: 1-(3-chlorobenzyl)-2-aminobenzimidazole (L1), 
1-(3-fluoro-benzyl)-2-aminobenzimidazole (L2), 1-(3-chlo-
robenzyl)-2-amino-5,6-dimethylbenzimidazole (L3), 1-(3-
fluorobenzyl)-2-amino-5,6-dimethylbenzimidazole (L4) and 
1-(3-methylbenzyl)-2-amino-5,6-dimethylbenzimidazole (L5).

all the ligands were synthesized by vlaović et al. accor-
ding to a procedure described earlier.27 Nickel (II) complexes 
were prepared following the same procedure described in our 
previous paper7.

a n t i b a c t e r i a l  a c t i v i t y
all the nickel (II) complexes were tested for their in 

vitro growth inhibitory activity against Bacillus cereus aTCC 
10876, Staphylococcus aureus aTCC 25923, Sarcina lutea 
aTCC 9341 and Pseudomonas aeruginosa aTCC 27853.

antibacterial activities of the complexes were tested by 
the disc-diffusion method under standard conditions using 
mueller-Hinton agar medium as described by NCCLS28. each 
of the investigated isolates of bacteria was seeded in the tubes 
with nutrient broth (NB). 1 ml of seeded NB was homogeni-
zed in tubes with 9 ml of melted (45 °C) nutrient agar (Na). 
The homogenous suspension was poured out in Petri dishes. 
The discs of filter paper (diameter 5 mm) were ranged on cool 
medium. after cooling on formed solid medium, 0.02 ml of 
the investigated compounds (γ  =  1000 µg ml-1) were placed 
by micropipette. after incubation of 24 hours in thermostat at 
25–27 °C, inhibition (sterile) zone diameters (including disc) 
were measured (in mm). Inhibition zone diameter over 8 mm 
indicates the tested compound is active against microorga-
nisms. Every test was done in three replications. antimicro-
bial activities of the free ligands against the same bacteria 
were tested in our previous studies8.

minimum inhibitory concentration (mIC) was performed 
by the agar dilution method according to guidelines establis-
hed by the NCCLS standard m7-a529. mIC was described 
as the lowest concentration of the compound that visibly 
inhibited colony’s growth. Stock solutions of the compounds 
were prepared in dimethylformamide (DmF). Further diluti-
ons were performed with distilled water. The concentration 
range of the compounds tested was between 60–750 µg ml–1 
in two-fold dilution steps. The inoculated plates were than 
incubated at 35 °C for 16–20 h. a control using DmF without 
any test complex was included for each organisms. It was 
determined that the solvent had no activity against any of the 
test microorganisms.

Results
The results of antibacterial studies of the nickel (II) com-

plexes with two series of 1-benzylbenzimidazole derivatives 
tested by the agar disc-diffusion method are summarized in 
Table I.

as can be seen from the data, all the investigated com-
pounds displayed in vitro inhibitory activity against very 
persistent bacteria. The complexes investigated were found 

Table I
In vitro antibacterial activity of complexes at a concentration 
of 1,000 μg ml–1

 Complex Inhibition zone diameter [mm]
  P.aeruginosa B. cereus S. aureus S. lutea
 ni(L1)2Cl2 22 26 26 29
 ni(L2)2Cl2 17 24 24 25
 ni(L3)2Cl2 9 17 17 18
 ni(L4)2Cl2 8 16 17 17
 ni(L5)2Cl2 5 16 17 16
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to be more active against Gram-positive than Gram-negative 
bacteria (Pseudomonas aeruginosa).

In the case of Gram-negative isolate only complexes of 
2-aminobenzimidazole derivatives exhibited significant inhi-
bitory activity. Nickel (II) complexes of L3, L4 and L5 were 
slightly active against the Pseudomonas aeruginosa. in the 
case of Bacillus cereus and Staphylococcus aureus nickel 
(II) complexes of ligands L1 and L2 also express higher acti-
vity than another complexes. Gram-positive bacteria Sarcina 
lutea was persistent in all investigated cases, too. Nickel (II) 
complexes containing L1 and L2 were very highly or highly 
active, respectively. on the other hand, complexes of L3, L4 
and L5 were moderately active against the same bacteria.

In the next phase, mIC of the tested compounds was 
performed by the agar dilution method. From the results pre-
sented in Table II, it is seen that nickel(II) complex contai-
ning L1 was active against Pseudomonas aeruginosa with a 
mIC value of 250 µg ml-1, whilst Ni(L2)2Cl2 was less toxic. 
However, Ni(L3)2Cl2 and ni(L4)2Cl2 were same active, but 
complex of L5 has the low activity against the same bacteria.

In the case of Bacillus cereus and Staphylococcus aureus 
complexes containing 2-aminobenzimidazole derivatives as 
ligands were more active (mIC  =  125 µg ml–1) than com-
plexes of 2-amino-5,6-dimethylbenzimidazole derivatives. 
ni(L3)2Cl2 was equally active as Ni(L4)2Cl2 with higher mIC 
value of 250 µg ml–1 against the same bacteria, whilst com-
plex containing L5 expressed mIC of 500 µg ml–1.

on the other hand, all the complexes were more active 
against Sarcina lutea. The complex of L3 with a mIC value 
of 125 µg ml–1 has the same activity as ni(L4)2Cl2, but com-
plexes of 2-aminobenzimidazole derivatives were the most 
active. ni(L5)2Cl2 has the lowest activity against these two 
Gram-positive bacteria.

Comparing the activities of the tested complexes it was 
found that 1-substituted-2-aminobenzimidazole derivatives 
(L1, L2) formed the nickel (II) complexes which were more 
active than complexes of 1-substituted-2-amino-5,6-dimethyl-
benzimidazoles (L3, L4, L5). Consequently, it is suggested that 
methyl groups at the 5 or 6 position decreases the general 
inhibitory activity of the tested complexes. also, antibacterial 
results shows that if the benzimidazole nucleus was substi-
tuted with a 3-chlorobenzyl group at the N1 atom, the anti-
bacterial activity was increased.

The differences found in the activities of the nickel (II) 
complexes and the non-complexed ligands obtained in our 
previous investigations8, suggest that the coordinated ni(ii) 
may play a significant role in the antibacterial potency. a 
possible explanation may be offers by the chelation theory 
stating a relationship between decreasing polarizability of 
the metal and increasing lipophilicity of the complexes. This 
property is now seen as an important parameters related to 
membrane permeation in biological system. many of the pro-
cesses of drug disposition depend on the ability or inability to 
cross membranes and hence there is a high correlation with 
measures of lipophilicity. moreover, many of the proteins 
involved in drug disposition have hydrophobic binding sites 

further adding to the importance of lipophilicity. The latter 
might promote inhibitory activity.

moreover, the results of this study revealing that the com-
pounds tested displayed higher activity against the Gram-posi-
tive than the Gram-negative one bacteria, likely point to the 
relevance of the structure of the bacterial cell wall in the anti-
microbial potency of the substances. It is prospective because 
the cell wall is essential to the survival of many bacteria and 
some antibiotics are able to kill bacteria by inhibiting a step in 
the synthesis of peptydoglycan. Gram-positive bacteria possess 
a thick cell wall containing many layers of peptidoglycan and 
teichoic acids, but in contrast, Gram-negative bacteria have 
a relatively thin cell wall consisting of a few layers of pepti-
doglycan surrounded by a second lipid membrane containing 
lipopolysaccharides and lipoproteins. These differences in cell 
wall structure can produce differences in antibacterial suscepti-
bility and some antibiotics can kill only Gram-positive bacteria 
and is ineffective against Gram-negative pathogens.

Conclusions
The antibacterial activity of the nickel (II) complexes 

with two series of 1-benzylbenzimidazole derivatives was 
tested against very persistent microorganisms: Pseudomonas 
aeruginosa, Bacillus cereus, Staphylococcus aureus and Sar-
cina lutea. all the complexes displayed in vitro inhibitory 
activity, but 1-substituted-2-aminobenzimidazole derivatives 
formed the nickel (II) complexes which were more active 
than complexes of 1-substituted-2-amino-5,6-dimethyl-ben-
zimidazoles. The basic antibacterial activity of the benzimi-
dazoles was produced by the presence of an amino group at 
the position 2 of the benzimidazole ring. methyl groups at 
the 5 or 6 position decreases the general inhibitory activity of 
the relevant benzimidazoles. also, the results indicated that 
tested complexes were more active against Gram-positive 
than Gram-negative bacteria. It may be concluded that the 
antibacterial activity of the compounds is related to cell wall 
structure of the bacteria. It is possible because the cell wall is 
essential to the survival of many bacteria and some antibiotics 
are able to kill bacteria by inhibiting a step in the synthesis of 
peptidoglycan.

This work has been supported by Ministry of Science 
and Environment Protection of the Republic of Serbia as are 
the part of the project No. 142028.

Table II
mIC tested of complexes

Complex mIC [μg ml–1]
  P.aeruginosa B. cereus S. aureus S. lutea
 ni(L1)2Cl2 250 125 125 62.5
 ni(L2)2Cl2 500 125 125 62.5
 ni(L3)2Cl2 750 250 250 125
 ni(L4)2Cl2 750 250 250 125
 ni(L5)2Cl2 1000 500 500 250
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Introduction
To guarantee cheeses’ authenticity, responsible food con-

trol authorities need to dispose of reliable analytical traceabi-
lity techniques that enable to check whether the products are 
correctly described and labelled, or not. 

In the recent years, extensive literature data on the 
methods of analysis applicable to the detection of mixtures of 
milk from different species either in raw or even in processed 
milk products are available. a large number of methods are 
applicable to detect the presence of different milk species in 
cheeses, as well.1–4

multivariate analysis represents valuable tool, making 
possible the categorization of different food samples via the 
consideration of many variables that can be measured, often 
in a single analytical level. in addition, multivariate analysis 
of chromatographic, electrophoretic or elemental data is con-
sidered to be the powerful method for the discrimination of 
cheeses based on the different geographical origin, varieties 
and quality or for the consideration and monitoring of cheese 
maturation.

as follows from previously published data, the con-
centration ranges of some elements in milk and cheese are 
strongly dependent on animal species and feeding, season of 
sample collection, environmental conditions and manufactu-
ring processes, as well.5–11 Coni et al. revealed, that the con-
centration of selected trace elements (e. g., of al, Ba, Cd, Co, 
Cr, Cu, Fe, mg, mn, Ni, Pb, Pt, Sr and Zn) differ significantly 
for sheep and goat milks and for their related products5. the 
mineral composition of ewes’, cows’, and goats’ milk and 
of samples of different pure-milk cheeses made from them 
was analysed by martin-Hernandéz using the stepwise discri-
minant analysis, reaching the 76 % correct classification of 
cheeses according to milk species6. another statistical study 
dealt with the comparison of metal composition of different 
types of milks based on the presence of Se, Fe, Cu, Zn, Na, 
K, Ca, mg, brought 98% correct classification of the sam-
ples for each type of milk7. Discriminant analyses of some 
elemental data were successfully used by Koreňovská et al. 
for the identification of cheeses’ region of origin.8–10 using 
the same approach, 94.1 % of mahon cheese samples were 
correctly classified into traditional and industrial groups, and 
89.7 % of samples into fresh, half-ripened, ripened and old-
ripened groups. 11 

as follows from the above-presented data, the authen-
tification of cheeses using the elemental markers requires 

reliable data, obtained by analytical methods of high specifi-
city and sensitivity, e. g. by atomic absorption spectrometry 
(aaS).

In this paper, the identification and discrimination of 
cows’, sheeps’ and goats’ cheeses from different Slovak regi-
ons using the selective elemental data and pattern recognition 
analysis is presented.

Experimental
S a m p l e s  C h a r a c t e r i s a t i o n

Commercially available samples of 54 cow hard chee-
ses of Emmental and Edam type, 116 sheep (40 hard and 
76 bryndza type) and 20 goat cheeses, all of the Slovak origin 
were analyzed to the content of selected elemental markers 
(Ba, Cr, Cu, Hg, mg, mn, Ni and v) by aaS. These markers 
were chosen on the base of geochemical characterization of 
Slovak regions12. 

r e a g e n t s
all chemicals were of analytical grade. Nitric acid of 

suprapure quality and stock solutions of respective metal 
(Ba, Cr, Cu, Hg, mg, mn, Ni, and v at the concentration of 
1.00 g dm–3, each) were purchased from merck (Darmstadt, 
Germany). Lanthanum chloride (5%) used as ionic suppres-
sor was delivered from SmÚ (Bratislava, Slovakia).

a a S  C o n d i t i o n s
respective cheese sample (0.5 g) was digested in a mix-

ture of 4 ml of 65 % HNo3 and 0.5 ml h2o2, using the miles-
tone mLS 1200 mEGa (Sorisole, Italy) microwave digestion 
system.

Perkin Elmer 4100 atomic absorption spectrometer 
(Norwalk, CT, USa) equipped with a deuterium lamp bac-
kground-correction system and HGa 700 graphite tube ato-
mizer with pyrolytically coated graphite tubes and flame was 
used. The presence and concentration of mg and mn metals 
were determined from atomic spectrometry measurements, 
using an air/acetylene flame. metal elements of Ba, Cr, Cu, 
Ni, and v were detected on graphite tube atomizer, as previ-
ously described by Koreňovská and Suhaj.8–10

The accuracy of results was verified by standard addi-
tion method. The accuracy of method used for metal elements 
determination was estimated by means of two reference 
materials (NCS ZC 73008, rice and NCS ZC 73013, spinage) 
to be 98–125 %. recovery of the method was assessed by 
the analysis of fortified cheese samples; mean recoveries of 
elements reached 96–109 %. Finally, the combined standard 
uncertainty was 5.3–14 %.

D e t e r m i n a t i o n  o f  H g
For the determination of mercury in cheeses, single –

purpose mercury analyser ama 254 (altech, Prague, Czech 
republic) was used. The BCr-150 skim milk powder (Brus-
sels, Belgium) served as reference material.8–10
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S t a t i s t i c s
multivariate statistical methods, e.g., cluster analysis, 

factor analysis, and canonical discriminant analysis, were 
performed using the Unistat® software.

Results
Fig. 1. shows the preliminary predisposition of cows’, 

sheeps’ and goats’ cheese samples under the study to natural 
grouping, obtained by hierarchical cluster analysis of deter-
mined elemental markers. Clusters were constructed using 
Ni, Cu and mg variables, as they were found to have the most 
discriminating impact on cheeses distinction. as follows from 
data presented, samples are grouped into two major clusters: 
the first one correspond mostly to sheeps’ cheeses and the 
second to cow and goat cheese samples, respectively. 

although there is a clear differentiation tendency, both 
groups of clusters contain some incorrectly classified sam-
ples. In order to achieve the better differentiation of exami-
ned cheese species, factor analysis using the principal com-
ponent factoring with the varimax-rotation was performed to 
describe the main variations between the Ba, Cr, Cu, Hg, mg, 
mn, ni and v content.

Using this approach, mathematical model explaining 
the mutual correlation between a large set of variables was 

constructed. as we found, first factor, related mainly to the 
content of Hg, mg and Ni, explain 26 % of the total mar-
kers’ variation; the second one (18.5 %) is strongly influen-
ced by Cu and mn variability, and the last factor (15.4 %) by 
the variability of Ba and v. These three factors sufficiently 
explain more than 60 % of overall elemental data variations. 
visualisation of data obtained (Fig. 2.) suggest, that the most 
effective differentiation of cows’, sheeps’ and goats’ cheeses 
can be achieved following the first factor axis.

results of canonical discriminant analysis (Fig. 3.) 
demonstrated very high potential to distinguish the differen-
ces among the cows’, sheeps’ and goats’ cheeses.

Discriminant functions correctly classified 92.6 % of all 
samples according to the species’ origin. First discriminant 
function reveals the highest canonical correlation (89.5 %) 
and explains up to 83.6 % of the total variance. as follows 
from the values of standardized coefficients, mg, mn and Ni 
markers most significantly influence the discrimination at 
first function, whereas for the second discriminant function, 
the presence of Cu and Hg is essential.

in addition, Kth-neighbour discriminant analysis provi-
ded 100 % correctness of samples classification at k  =  1; and 
91.1 % at k  =  2. Stepwise discriminant analysis, which sorts 
the used markers according to their descending influence on 
the discrimination, gives the following order: mg, Cu, Ni, 
mn, hg, v, Ba and Cr.

Some of the markers used in this work, e.g. Cu, mg, 
and mn, were previously successfully used for cheeses’ ori-
gin authentification also by other authors.5–7,13,14 Significant 
discrimination of cheeses’ species presented in this work can 
be effectively explained by the geochemical differences in 
sheeps’, cows’ and goats’ pasture soils. Sheeps’ pastures are 
located in the mid-mountain regions whereas cows’ and goats’ 
ones are to be found predominantly in lowland agricultural 
areas. Thus, the content of minerals and other trace elements 
in feeding diet vary significantly, subsequently influencing 
their content in cattle milk and milk products.

Fig, 1.	 Cluster	graph	of	sheeps’	 (S),	cows’	 (C)	and	goats’	 (G)	
cheeses,	constructed	using	the	Ni,	Cu	and	Mg	content	as	varia-
bles.	Distance	measure:	Block;	Method:	Median

Fig. 2.	 Principal	component	factoring	of	sheeps’	(S),	cows’	(C)	
and	goats’	 (G)	cheeses;	Rotation:	varimax;	variables	selected:	
Ba,	Cr,	Cu,	Hg,	Mg,	Mn,	Ni	and	v

Fig. 3.	 Canonical	 discriminant	 analysis	 of	 sheeps’	 (S),	 cows’	
(C)	and	goats’	(G)	cheeses;	Plot	of	discriminant	score;	variables	
selected:	Ba,	Cr,	Cu,	Hg,	Mg,	Mn,	Ni	and	v



Chem. Listy, 102, s265–s1311 (2008) Food Chemistry & Biotechnology

s767

Conclusions
multivariate statistical methods of elemental markers 

analyses involving both the principal factor analysis and 
canonical discriminant analysis represent effective tools to 
discriminate Slovak commercial cows’, sheeps’ and goats’ 
cheeses and to identify their origin. results obtained enable 
the development of simple and rapid protocols for cheeses’ 
classification and quality ensurance.

This work was supported by Research project of Minis-
try of Agriculture of the Slovak republic “Development of 
progressive methods and practices for continuous quality 
improvement in the process of food production and monito-
ring” No. 08W0301.
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Introduction
The attachment of certain microorganisms to specific 

surfaces in the human oral cavity and the resulting formation 
of dental plaque on teeth and dental materials are primary 
causes for oral diseases such as denture stomatitis, gingival 
inflammation, and secondary caries, which may consequently 
lead to unhealthy complications1. Secondary caries is the 
most frequent reason for the replacement of restorative ma-
terials including resin composites. That is reason, why anti-
microbial agents are incorporated and bacterial adhesion has 
to be measured.

In the literature, several methods for quantification of 
deposited oral microorganisms were described, but a lot of 
them could be characterized as time, materials, instruments 
and financially – consuming.

The amount of sorbed bacteria could be expressed using 
radio-labelled microorganisms. Cells were radio-labelled us-
ing [3h] – thymidine2–7, [3H] – uridine or [35S] – methionine. 
The amount of adsorbed bacteria was measured in a scintil-
lation counter and was determined as radioactive counts per 
minute (CPm) of the labelled bacteria after washing them 
with buffer (KCl) to remove unbound bacteria.

other tests for microorganisms quantification were car-
ried on examine dental materials. Discs from this dental ma-
terials were inserted in petri dishes or tubes that contained 
cell suspension and than they were incubated for 24 hours. 
after incubation discs were removed and rinsed with distilled 
water or PBS. adherent bacteria were fixed with methanol or 
glutaraldehyd and stained with acridine orange, crystal violet 
or modified Gram stain. Quantitative analysis was performed 
using a fluorescence microscope. The number of adherent 
cells in several random fields was counted on each sample 
and bacterial adhesion was expressed as percentage area cov-
erage8.

These methods were used the most often, but except 
them, other minor methods were tested. Capopreso at.al.9 an-
alysed bacterial adhesion to dental alloys spectrophotometri-
cally in a microplate reader at 570 nm. The bacterial adhesion 
of each specimen was quantified as the ratio between the op-
tical density at 570 nm and the surface area of the specimen. 
Blunden9, Duskova10,11 expressed the amount of deposited 
microorganisms as percentage weight gain. Wu-Yuan12 and 
Wilbershausen13 examined the attachment of oral bacteria 
by SEm. For SEm, the samples were fixed in formaldehyd 
or glutaraldehyd and dehydrated through a graded series of 
aceton or ethanol. Boeckh14 placed bacterial suspensions 

in conical cavities within the material and after incubation, 
the suspensions were removed form the restoratives and the 
numbers of viable bacteria were counted.

F. ozer at al. used for testing antibacterial activity Tooth 
cavity model. they prepared three cylindrical cavities in the 
flat surface of human extracted tooth. Cell suspension and 
brain heart infusion (BHI) broth were put in cavities and in-
cubated for 24 h at 37 ºC. The number of S. mutans recovered 
was determined by the classical bacterial counting method 
using 5% sheep blood agar8.

Experimental
The spectrophotometric Biuret method was used to 

quantified amount of bacteria S. mutans adhering to the poly-
mer surface. In order to optimise Biuret method the composi-
tion of liquid culture medium, the amount of bacteria suspen-
sion used for the samples inoculation, the samples incubation 
time and methods for the bacteria releasing from the samples 
were tested.

B i u r e t  m e t h o d
Under alkaline conditions substances containing two or 

more peptide bonds form a purple complex with copper salts 
in the reagent. Upon complexation, a violet color is observed. 
The absorbance of the Cu2+ protein complex is measured at 
540 nm and compared to a standard curve. Bovine serum al-
bumin is used as a standard. This method was employed for 
the quantification of the S. mutans in both culture medium 
and on the discs.

Biuret agent was prepared by dissolving 1.5 g  
CuSo4

. 5h2o + 6 g C4h4o6Kna . 4H2o in 500 ml h2o. 
300 ml 10% NaoH was added to the solution and distilled 
water to make 1,000 ml. 

When studying the amount of bacteria in the suspension 
following procedure was used: 1 ml of the tested suspension 
was mixed with 4 ml of Biuret agent and 1 ml distilled water. 
Upon 10 seconds shaking period and 30 minute incubation, 
absorbance was measured against a blank at 540 nm.

To evaluate the amount of bacteria adhered to the disc, 
the bacteria had to be released from the disc. The samples 
were placed into 2 ml distilled water and ultrasonic bath were 
used. The time of ultrasonic bath was varied up to 8 minutes 
(2, 4, 6 and 8 minutes) in order to find out conditions when 
both the highest amount of bacteria is released and still no 
damage of the disc occurs. Further the procedure is same as 
in case of quantification of bacteria in suspension.

D e n t a l  m a t e r i a l s  a n d  P r e p a r e  o f 
S a m p l e s

The discs were prepared from the commercially avail-
able microhybrid composites (adoro, Ivoclar vivadent), 
D3ma resin-based materials (advanced Dental materials) 
and ceramic materials (Ivoclar vivadent) as reference mate-
rial.

The material was placed in a metal mold between a layer 
of transparent foil and metal. It was cured in the vectris cur-
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ing machine for 20 minutes at 60 °C, 460 nm. after curing, 
the discs were removed from the mold and sterilized in au-
toclave.

m i c r o b i a l  W o r k
an oral cavity isolant Streptococcus mutans p2093 has 

been chosen as a tested microorganism. S. mutans is oral 
bacteria, that is assumed to be the main infander of the den-
tal caries. The bacterial strain S. mutans used in this study 
was clinical isolates from child mouth (obtained from prof. 
mUDr. martina Kukletová, CSc., Brno masaryk Univer-
sity). The microorganism was stored in commercially avai-
lable Petri dish with Blood agar Ima vLaC and Ima vLGP 
(Laboratory of medical microbiology, Třinec).

The microorganisms were cultivated in liquid culture 
medium BHIB. In order to improve the bacteria growth a 
certain amount of further source of sugar was added into the 
medium. 0.1; 1; 5 and 10 wt% of sacharose and glucose were 
tested.

The samples were prepared by placing the sterilized disc 
in 5 ml BHIB medium in test tube and inoculating with bac-
teria suspension. The appropriate volume of bacteria suspen-
sion and incubation time had to be tested. First one was tested 
by inoculation of 0.2; 0.4; 0.6; 0.8 a 1.0 ml of bacteria sus-
pension into 5 ml BHIB and evaluation of bacterial growth. 
The incubation time was varied up to 28 hours and appropri-
ated incubation time was evaluated from the growing curve.

Results
First of all the appropriate composition of the culture 

medium was investigated. 0,1; 1; 5 and 10 wt% of sacharose 
and glucose were added to BHIB and the influence of ad-
ditives on bacteria growth were evaluated see Fig. 2. Best 
growing results were obtained for the medium with 1 wt% 
of glucose.

When testing the influence of inoculated volume on bac-
teria growth, the volume was varied up to 1.0 ml. The results 
are presented in Table I. The highest absorbance was mea-

sured when using 0.2 ml of bacteira suspension. This volume 
was used for further testing.

Growing curve (Fig. 3.) presents influence of incubation 
time on the bacterial growth respectively on absorbance. It 
could be seen that the amount of bacteria increases with incre-
asing of the incubation time until it reached maximal value. 
In our experiment the maximal absorbance resp. amount of 
bacteria was obtained for the samples incubated for 18 hours. 
When incubating the bacteria in medium for longer time the 
nutriens in medium are exhausted. This results in dying out 
of bacteria and thus decreasing of absorbance.

Fig. 1.	 s.mutans	growing	on	composite	polymer	disc
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Table I
Influence of suspension volume on S. mutans growth

 Inoculated volume [ml] absorbance [540 nm]
 0.2 0.290
 0.4 0.288
 0.6 0.285
 0.8 0.286
 1.0 0.270
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Finally appropriated method for releasing the bacterial 
cells from disc had to be worked out. The ultrasonic bath was 
used and the working time was varied up to 8 minutes. The 
amount of released bacteria and effect of ultrasonic waves 
on the tested material was evaluated see Fig. 4. The best re-
sults were obtained for the working time of 6 minutes. Lon-
ger working time causes irreversible material damage while 
shorter treatment time did not released all bacteria.

The main goal of this work was to find out appropri-
ate method for the studying of the microbial adhesion to new 
dental materials. The spectrofotometric techniques based on 
Biuret reagent were employed. The method was optimised in 
order to fulfill requirements for further material testing.

according to our measurement the BHIB medium with 
1 wt% of glucose gives the best growing results. Samples 
placed in BHIB-glucose medium was further inoculated 
with 0,2 ml of S. mutans suspension. This volume fulfil 
both requirement – low volume and good growing results. 
Further the appropriate incubation time was investigated. The 
highest absorbance was obtained for the samples incubated 
for 18 hours.

Finally time neccessary for releasing bacteria from the 
disc samples in ultrasonic bath was evaluated. The best results 
were obtained after 6 minutes. The highest amount of bactery 
was released while the disc still remained undamaged.

This optimised method will be employed for testing new 
dental materials. our further studies will be focused on test-
ing various antimicrobial additives that will improve micro-
bial resistance of dental restorative materials.

This work has been supported by Ministry of Education, 
Youth and Sports under project MSM 021630501.
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Introduction
Brominated flame retardants (BFrs) are chemicals that 

are extensively used in various polymers and especially in 
electronic equipment, plastics, electronic, textiles and other 
furniture1. Due to their persistence and bioavailability in 
combination with their large consumption and disposal, they 
are becoming emerging environmental contaminants. Now 
they have become ubiquitous in the environment and mag-
nify in the biological tissue as seen in classical organochlo-
rine compounds (oCs). 

The Czech population body burden of halogenated per-
sistent organic pollutants (PoPs) is of a great concern due to 
incautious handling of hazardous chemicals in the past time. 
a monitoring of human matrices, including polybrominated 
diphenyl ethers (PBDEs) and hexabromocyclododecane 
(HBCD) has been employed for this purpose in the recent 
decade. 

The main aim of the presented study was to investigate 
levels and profiles of (i) BFrs represented by PBDEs and 
hBCD and (ii) “classical” organochlorine contaminants oc-
curring in the adipose tissue of people living in the Czech 
republic and in human breast milk from Czech mothers. To 
our knowledge, this is the very first study reporting PBDEs 
levels in adipose tissue samples of Czech citizens together 
with similar studies conducted elsewhere in the world.

Experimental
B r e a s t  m i l k

Samples of breast milk were obtained from 56 Czech 
women living in olomouc region (located in the north-east 
part of the Czech republic) during the autumn 2007 in the co-
operation with the Gynaecological-maternity Clinic, Faculty 
Hospital in olomouc. The age of mothers participating in this 
study ranged from 21 to 45 years (mean and median 29 year). 
The breast milk was expressed manually into the glass bot-
tles and stored at –18 °C until analysis according to WHo 
methodology.2 The analytical procedure used for analysis of 
human breast milk samples was described in detail in our ear-
lier study.3,4

h u m a n  a d i p o s e  t i s s u e 
adipose fat tissue samples for determination of selected 

PoPs were collected from patients (n  =  98) who underwent a 
tumescent liposuction for aesthetic reasons. The mean age of 

the group was 35.5 years with a range of 17–60 years. The an-
alytical procedure used for analysis of adipose tissue samples 
has been described in detail in our earlier study5; therefore, 
there is only a brief summary of procedure steps. approxi-
mately 5 g of adipose fat tissue sample was homogenized 
with anhydrous sodium sulphate (20 g) and and extracted in 
a Soxhlet apparatus for 8 h using a hexane : dichlormethane 
mixture (1 : 1, v/v, 150 ml). The extract was rotary evaporated 
at 40 °C and residues were weighted for a lipid determination. 
an aliquot of isolated fat (cca 750 mg) was dissolved in 10 
ml of an internal standard (PCB 112) solution (cyclohexane:
ethylacetate, 1 : 1, v/v). Sample extracts were then purified 
on a Bio Beads S-X3 column using cyclohexane : ethylacetate 
(1 : 1, v/v) as a mobile phase. a fraction corresponding to a 
elution volume of 14–30 ml was collected.

Results
The first data on the occurrence of BFrs in Czech hu-

mans employing breast milk as a bioindicator matrix were 
reported by Kazda et al. in 20044, however, the information 
on the other major PoPs, such as PCBs and DDTs was not 
provided.

an overview of the most abundant PBDE and PCB con-
geners together with oCP levels in both types of examined 
matrices collected in the Czech republic within presented 
study is shown in Table I. The results clearly document ubiq-
uitous occurrence of PBDEs emission sources in the environ-
ment of general Czech population.

BDE congeners 47 (tetrabromo-), 153 (hexabromo-) 
and 183 (heprabromo-) were predominant and accounted up 
to 80 % of the total PBDEs. other relatively abundant rep-
resentatives of this group were congeners BDE 99 and 100 
(both pentabromo-). BDEs 28, 49, 66, 85 and 154 were de-
tected only in several samples, mostly close to the limit of 
quantification.

Interestingly, PBDE profile in human adipose tissue 
found in our present study was not identical to that one ob-
served in breast milk samples. While in the latter matrix BDE 
47 was the most abundant congener followed by BDE 153, 
opposite ratio of these major PBDEs was found in adipose 
tissue samples (see Fig. 1.). Biotransformation and accumu-
lation kinetic properties of individual PBDE congeners af-
ter human exposure may contribute to these differences. as 
shown in Fig. 1., a similar trend was observed in a recent 
japanese study6, while this was not reported in a study con-
ducted in Sweden, which documented, in both human milk 
and adipose tissue, the levels of BDE 47 to be approximately 
4-times higher than BDE 153. The use of Penta-BDE techni-
cal mixture with a majority of BDE 47 was probably domi-
nating in this country7. In this Scandinavian country this dif-
ference could be attributed to different uses of these products 
or a different in the diet of individuals. on the other hand, 
no significant differences were found by a comparison PCB 
profiles in both examined matrices.
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Generally, based on available studies, PBDE levels in 
breast milk and adipose tissue samples collected within this 
study were comparable to those reported in other European 
countries but considerably lower (by almost one order of 
magnitude) than results from the United States, probably 
due to a less extensive use of this group of BFrs in common 
goods and products6-11.

as compared to PBDEs, the levels of oCs (PCBs and 
oCPs) were up to 2–3 orders of magnitude higher, obviously, 
due to a relatively longer history of their intensive use in a 
wide range of areas. although PCBs, DDT and several other 

persistent oCs were banned many decades ago, and, in spite 
of their decline witnessed in the Czech republic alike world-
wide, these PoPs are still persisting in very high quantities 
in the environmental compartments. not surprisingly, their 
transfer into the food chain still continues, what was docu-
mented also in this study. The oCs pattern found in Czech 
breast milk was: PCBs > DDTs > HCB > HCHs. The follow-
ing PCBs profile was found: CB 153 > CB 138 > CB 180 > 
CB 118 > CB 101  ~  CB 52  ~  CB 28. The dominating PCB 
congeners No. 153, 138 and 180 contributed together to the 
total PCBs content by almost 80 %.

regarding to other chlorinated PoPs, p,p´-DDE was 
their major representative in all analyzed samples. The con-
tamination input in the food chain obviously occurred many 
years ago since the parent compound, p,p´-DDT, was signifi-
cantly lower. other oCPs like HCB (hexachlorobenezene) 
and β-HCH (hexachlorocyclohexane), were apparently in all 
samples at levels above LoQs (see Table I). 

The levels of PCBs were similar to those found in other 
European countries. While no age dependency was found for 
PBDEs, an increase of PCB and oCP levels with age was ob-
served. Different exposure routes of donors were documented 
by the absence of the relationship between PCBs and oCPs.

Conclusions
This study reports the residue levels of PBDEs and 

HBCD together with “classical” oCs in human adipose tissue 
and breast milk samples obtained in the Czech republic. 

The results clearly show the ubiquitous occurrence of 
BFrs in the general Czech population, BDE 153 and BDE 47 
being the most abundant congeners in examined biotic sam-
ples. Despite its broad use, BDE 209 was detected in only a 
few adipose tissue samples.

The mean values of PBDEs in human fat from Czech 
donors did not largely differ from those recorded from other 
european countries 

also PCB and oCP levels were comparable to those 
reported in similar studies conducted outside of the Czech 
republic. It should be noted that the production and use of 
PCBs has been banned for three decades, whereas the use 
and production of PBDEs still continues. In spite of the fact, 
that penta- and octa-BDE technical mixtures were banned in 
the EU four years ago, humans are still exposed in their daily 
lives from food and emissions from various products into 
their environment.

This research was supported by grants from the Ministry 
of Education, Youth and Sports of the Czech Republic – BIO-
BROM (2B06151) and MSM 6046137305.
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Table I
Levels of PBDEs, PCBs and oCPs determined in breast milk 
and adipose tissue collected in the Czech republic during the 
year 2007 (ng g–1 lipid)
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Introduction
Iodine is an essential trace element. Biological role of 

this trace element is related to the hormonal system of thy-
roid gland where iodine is a constituent of thyroid hormones. 
Therefore iodine is very important element also for human 
population. Natural sources of iodine are e.g. seaweed, sea-
food and also plants grown on iodine-rich soil1.

Iodine deficit is typical problem for areas where there 
is low content of iodine in the diet especially in areas where 
seafood consumption is low2. It is well known that Europe 
and therefore also the Czech republic belong between coun-
tries with known iodine deficiency. Usual public health pro-
tection measure is fortification of salt with iodine.

many studies have been published about problem of 
dietary intake of iodine for the Czech population. Summary 
study about situation in the Czech republic published Scien-
tific Committee on Food in 20073.

The National Institute of Public Health in Prague, Centre 
of Hygiene of Food Chains in Brno is involved in “The Pro-
ject on Dietary Exposure to Selected Chemical Substances”4. 
The objective of the project is to describe the dietary exposure 
of the population of the Czech republic. In the framework of 
this project iodine has been monitored since 1998.

Since year 2000 to 2003 has been observed increasing 
trend of iodine intake. This effect causes mainly usage of for-
tified salt in kitchen and during industrial food processing. 
Doses observed in the 2003 reached 3.59 μg kg–1 b.w./day 
(230 μg/person/day)5. This value matches 153 % of recom-
mended daily intake by Czech law (regulation 446/2004).

as a biomarker of short term (24 hours) intake of iodine 
the urinary level is mostly used. the national institute 
of Public Health in Prague and some other institutes monitor 
urinary level of iodine for many years. It was recognized that 
average iodine concentration in adult’s urine increased from 
85 μg dm–3 to 251 μg dm–3(ref.6) during years 1995–2005.

This increase can be attributed to some specific foods in 
our diet. High concentrations of iodine were measured in fish, 
meat products, instant soups, milk and milks products. It was 
recognized that significant exposure sources are mainly milk 
and milks products, bread, meat products and eggs (descen-
ding order to total exposure dose).

Probabilistic modelling was used to estimate usual daily 
intake of iodine from various kinds of foodstuffs for age 
groups in the Czech population3,7. It was observed that milk 
is the most important source of iodine for various age groups 
in the Czech republic. results of that modelling (it did not 
take added salt after cooking into account) also support an 
idea that high intake of iodine can be a certain risk for young 

children (< 10 years) where milk and dairy produces repre-
sent very important parts of their diet7.

That was the reason why our laboratory focused its 
research on iodine concentration in marketed consumer 
milk.

Experimental
Twice a year, in may and November, 24 samples of milk 

(12 semi-skimed and 12 skimed milks) were purchased from 
markets in twelve towns in the Czech republic. These sam-
ples were analyzed as one composite sample. milk samples 
have been also analysed as individual samples since 2007 to 
get better imagination about distribution of iodine concent-
rations.

For determination of iodine was used Sandell-Kolthoff 
method. The principle of this method is in catalytic function 
of iodide in oxidation-reduction reaction Ce(Iv) and as(III).

Samples are transferred to refractory glass tube. Solu-
tions of potassium hydroxide and zinc sulphate are added. 
These mixtures are stirred and tubes are placed in an oven at 
105 °C to dry the samples and then in a cold muffle furnace 
where are left until temperature gradually rises to 600 °C. 
The tubes are taken out. at this stage the food samples are 
not completely digested. The samples are soaked with 0.5 ml 
of water and then placed in a cold muffle furnace and diges-
tion process is repeated. Now the samples are completely 
digested. Into each tube containing the digest, 6 ml of water 
is added and stirred to dissolution of the water-soluble part 
of the digest. The suspension is transferred into a centrifuge 
tube and centrifuged for 10 min at 2500 rev min–1.

aliquot of the supernatant liquid is transferred to the glass 
tube and refilled with water to 2 ml. Then 2 ml of arsenic(III) 
solution is added and the tube is placed in the cooling bath 
(10 min). Then 2 ml of cerium(Iv) solution is added and the 
tube is placed in the water bath at 40 °C (20 min) and then in 
the cooling bath (10 min). Then 0.5 ml of brucine is added 
and the tube is placed in an oven at 105 °C (15 min). after 
adding of every solution thorough stirring is important.

Finally, a light absorption is measured by spectrometer 
at 430 nm. Limit of quantification is 15 μg kg–1. this method 
is accredited according to CSN EN ISo/EC 17025:2005 by 
the Czech accreditation Institute.

Results
average concentration of iodine in milk analysed since 

1998 to 2007 is 268 μg kg–1. The results are shown in Fig. 1. 
average concentration of iodine in milk composite samples 
has been higher since 2003.

In 2007, after publishing of results clarifying a key 
role of milk in iodine intake, we analyzed all of 24 samples 
from the Czech market individually. results for semi-skimed 
milks are shown in Fig. 2. and for skimed milk in Fig. 3. 
Semi-skimed milk from town No. 7 (may, 07) has not been 
determined.

average content of iodine in semi-skimed milk was 
344 μg kg–1 in may and 277 μg kg–1 in November. average 
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content of iodine in skimed milk was 343 μg kg–1 in may and 
299 μg kg–1 in November. These data can signalize decrea-
sing trend of iodine content in milk available at the Czech 
market in 2007 in comparison to previous years. Semi-skimed 
milk contain slightly higher average amount of iodine than 
skimed milk. Fig. 2. and Fig. 3. show relatively high concen-
tration variability between individual milk samples. maxi-
mal concentration of iodine in milk was 509 μg kg–1 (skimed 
milk, XI/07, town No. 2) and minimal concentration was  
135 μg kg–1 (semi-skimed milk, v/07, town No. 6) in year 
2007.

Conclusions
The dietary intake of iodine has monitored since 1998. 

The monitoring of the dietary exposure requires information 
about iodine content in individual foodstuffs and extends of 
their consumption7. at the present information is available 
and therefore we can calculate both a point and a probabilis-
tic estimate of intake for different age categories of the Czech 
population. 

It was found that milk is the most important source of 
iodine which can present certain health risk for high consu-
mers mainly for children. according to the EC regulation 
No. 1459/2005 allowed amount of iodine in complete feed 
for dairy cows and layers decreased from 10 mg kg–1 to  
5 mg kg–1. results of feed control are not known at the 
moment in the Czech republic. Then samples of milks have 
been analysed individually since 2007 to clarify possible 
exposure doses dominy from milk.

average content of iodine in milk (period 1998–2007) 
was 268 μg kg–1. over the last years was this value about 
300 μg kg–1. average content of iodine in milk in may and 
November 2007 was 343 μg kg–1 and 288 μg kg–1 respecti-
vely. We found large variability of concentrations between 
individual milk samples. High concentration variability can 
be problem for food operators and also for consumers due to 
not standard iodine content (e.g. production of infant and baby 
milk formulas). optimal content of iodine in milk in context 
of overall dietary exposure is about 200 μg kg–1. It would be 
advantage for all to keep variability of iodine content in indi-
vidual milk samples as much as close to this value.

optimal iodine intake is important for good health of 
Czech population. The most endangered group is children. 
These are reasons why monitoring of iodine content in indi-
vidual samples of milk from the Czech market will continue.
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Introduction
mercury belongs to group of heavy metals. In nature 

mercury can be found in various forms (organic and inorga-
nic compounds, elementary hg0) with different toxicity. For 
human organism all mercury forms can be toxic. The most 
important and the most danger forms are alkyl-mercury com-
pounds like methylmercury (meHg) and inorganic compound 
like Hg2+. The hazard is connected also with cumulative pro-
perties of mercury. The highest concentrations are measured 
in kidneys, liver and spleen.

Less frequent acute intoxication causes vomit, diarrhea 
and abdominal ache. more important is a risk of chronic into-
xication. Exposure can lead to cerebral paralysis, cephalo-
nia, deafness, blindness and high blood pressure (minamata 
disease)1. meHg as the most danger mercury form comes th-
rough blood-brain barrier and via placenta can be transported 
into fetal brain.

main exposure routes for mercury are inhalation and 
digestion... Disputative question is long-term influence of 
amalgam fillings. mercury is very well absorbed after oral 
exposure (95 % meHg is absorbed). Due to potential health 
risks it is necessary to monitor the mercury content in food-
stuffs of vegetable and as well as animal origin. Plants and 
animal contamination can be caused by growing in contami-
nated environment (industry wastes and exhalation). Impor-
tant source of mercury exposure especially in seaside coun-
tries are fish.

many studies have been published about the determi-
nation of mercury in foods. Centre for the Hygiene of Food 
Chains in Brno has been involved in the monitoring of the 
content of total mercury in foods (see “The Project on Dietary 
Exposure of the Czech Population to Selected Chemical Sub-
stances” 2,3). This project has been started in 1994 and the 
third period runs in this time. The aim of this monitoring 
programme is an assessment of dietary exposure, comparison 
with toxicological reference points, and characterization of 
health risks. To achieve these goals it is necessary to perform 
a systematic monitoring of the mercury content in the food 
basket of the Czech population as well as to know consump-
tion of individual foods. 

This work summarizes the mercury content found in 
individual foods in our laboratory during past 14 years. also 
their contribution to the total dietary exposure and validation 
by using of biomarkers are included. 

Methodology
The analyzed foods were selected according to the 

knowledge of their consumption by the average person in 
the Czech population4,5. In total 143 kinds of foodstuffs were 
selected and studied in specific time periods. Food samples 
were collected in 4 regions (12 sampling towns) and deli-
vered to Centre of Hygiene of Food Chains in Brno. This 
organization represents 572 food samples that have been pro-
cessed during two-year period. Some kind of foodstuffs (more 
frequently consumed) are sampled repeatedly and measured 
every year (e.g. milk or potatoes even 2 × per year and town), 
others (less frequently consumed) are sampled and measured 
only once in the whole two-years period. In total 880 indivi-
dual samples were measured in this period. after delivery of 
samples into the Centre of Hygiene of Food Chains in Brno, 
the samples undergo the culinary treatment in pre-analytical 
laboratory so that they are analyzed in the same state as they 
are consumed. The samples are then homogenized and deli-
vered into the central analytical laboratory for further treat-
ment and analyses.

In analytical laboratory mercury content (as a total 
mercury) is determined by aaS method using principle of 
selective system ama 254 with solid sample dosing without 
previous analytical preparation. optimized method provides 
adequate sensitivity for the determination of the mercury in 
foods. The limit of quantification is 0.1 μg kg–1 for a minimal 
sample weight 200 mg. The degree of recovery ranged from 
95 to 105 %. The rSD of repeatability does not exceed 10 %. 
This method is accredited according to čSN EN ISo/IEC 
17025:2005. To ensure accuracy of the results matrix refe-
rence materials as well as various internal test materials are 
used. In addition our laboratory participates in proficiency 
testing (FaPaS, ImEP etc.).

Results
The content of total mercury was monitored in 143 kinds 

of food representing so called food basket of the Czech 
population. Based on previous experience only fifteen kinds 
of food with the highest measured mercury content were 
selected and visualized in Fig. 1. This figure shows foods 
with their corresponding concentration values. The dietary 
exposure is influenced not only by the content of mercury in 
the given food, but also by the quantity of consumed foods 
To calculate the dietary exposure doses it is also necessary 
to take into account the changes caused by the culinary trea-
tment of the given food which are described by the so called 
culinary factor3. The influence of both the consumption and 
culinary factor on the final exposure dose is demonstrated by 
the following figure. The fifteen most significant exposure 
sources of total mercury are given in Fig. 2. In both figures 
(1.,2.) concentration data are used from the last monitoring 
period 2006–2007.

Foodstuffs listed in Fig. 1. and Fig. 2. are traditionally 
highlighted in first places during whole period of monitoring 
program (1994–2007). Fig. 3. shows the changes in measu-
red content of total mercury [μg kg–1] in five selected most 
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contaminated foods in time (years) and their contribution to 
the exposure doses is plotted in Fig. 4. 

The trend of exposure doses to total mercury is shown 
in Fig. 5. There are included exposure doses for different 
population groups in the Czech republic during monitoring 
period 1994–2007. The point estimate of health risk indica-
tes fluctuating trend with a slight tendency to increasing. The 
most exposed group are children due to higher usual intake of 
foods per kg of their body weight.

For assessment of human exposure and better health 
risk characterization are often used also biomarkers (human 
blood, urine or hair). This special approach is also used by the 
National Institute of Public Health in the monitoring project 
called “Biological monitoring”6,7. In Fig. 6. the behaviour of 
the total dietary exposure with time is shown for monitored 
period 1994–2007. also in this figure the levels of mercury 
in blood samples in selected years for adult Czech population 
in the same period are shown.

Discussion
The results from whole monitored period (1994–2007) 

support an idea that foods containing the highest amounts 
of total mercury are fish and fish products, delicate salads, 
mushrooms, spices and rice (Fig. 1.). With regard to the signi-
ficance of foods as dietary exposure sources the most impor-
tant foods are as well fish and fish products, delicates salads 

and rice. (Fig. 2.). It support an idea that the most hazardous 
foods from exposure point of view are fish meat and fish pro-
ducts. 80–90 % of total mercury in fish is expected as meHg 
in muscle8,9. then total mercury content is suitable indica-

Fig. 1.	 Total	 mercury	 concentration	 in	 selected	 foods	 in	 the	
Czech	Republic	in	2006/2007

Fig. 2.	 Dietary	exposure	sources	for	total	mercury	in	the	Czech	
Republic	in	2006/2007

Fig. 3.	 Content	of	total	mercury	in	selected	foods

Fig. 4.	 Contribution	of	 selected	 foods	 to	 the	overall	 exposure	
doses	for	total	mercury

Fig. 5.	 Exposure	doses:	total	mercury	[μg	kg–1	b.w.	day–1]	(con-
sumption	models	according	to	the	food	guide	pyramide)
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tor of possible exposure to meHg in this case. other groups 
of foods are not of so important for exposure of the Czech 
population.

The estimate of the dietary exposure from the most 
significant samples (sea fish) show tends to increase. This 
tendency to increase may be due to the trend of growing 
consumption this commodity given by development of busi-
ness and import from seaside countries. The monitoring also 
showed an increasing tendency for the dietary exposure to 
mercury which was in correspondence with the levels of mer-
cury in human blood in the same period. In the Fig. 5. are 
included data found for adult. The same trend can be seen for 
children too.

Conclusion
The content of total mercury in the samples of the food 

basket of the Czech republic has been monitored since 1994. 
Produced data enabled the calculation of both - the exposure 
dose coming from individual samples and the total dietary 
exposure dose. The average value of the total dietary expo-
sure in the period 1994–2007 is 0.0126 μg kg–1 b.w. day–1 it 
represents 0.0882 μg kg–1 b.w. week–1.

In 1978 the Fao/WHo JECFa evaluated total mer-
cury and set ptWi at 5 μg kg–1 b.w. week–1 from which 
meHg should not be higher than 3.3 μg kg–1 b.w. week–1. 
US EPa defined rfD 0.1 μg kg–1 b.w. day–1. PTWI set by 
Fao/WHo JECFa for meHg was revised into 1,6 μg kg–1  
b.w. week–1(ref.9,10,11) in june 2003. according to longitudi-
nal monitoring results it was proved that average value of 
overall dietary exposure to total mercury has not been brea-
king toxicological reference points set by Fao/WHo JECFa 
or US EPa in none of different population groups in the 
Czech republic. Potentially risky groups are children and 
pregnant women or nursing mothers due to highest sensiti-
vity of embryo/neonates in combination with dietary habit 
involving highly contaminated kinds of fish (mainly predator 
fish meat). Therefore it is important regularly evaluate dietary 
habit of the Czech population, analyse possible food sources 
of (at least) total mercury and do relevant advices to consu-
mers. We should not forget that hazard of mercury in fish is 

in unknown extent balanced by benefits of some important 
nutrients coming from that food sources.
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Introduction
Bacterial cell adhesion is the first step in the formation 

of multicellular structure called biofilm. Biofilm is a dynamic 
community of cells which display distinct properties from 
the planktonic cells. These can be utilized in bioremediation 
technologies1, however the stability of adhesion must be en-
sured. For this purpose, the principles of initial adhesion must 
be investigated and understood.

Experimental
microorganism. 
Gram-positive pollutant degrading bacteria Rhodococ-

cus erythropolis CCm 2595 was obtained from the Czech 
Collection of microorganisms (masaryk University Brno, 
Czech republic).

Cultivation and biomass determination. 
Cells were cultivated in 200 ml of medium in shaked Er-

lenmeyer flasks. The growth of suspended cells was monitored 
as optical density at 400 nm (o.D.). Either a complex medium 
nutrient broth (Himedia, India) or minimal medium was used 
(Kh2po4 0.17 g dm–3, K2hpo4 0.13 g dm–3, (nh4)2So4 
0.71 g dm–3, mgCl2 0.34 g dm–3, mnCl2 1 m g dm–3, CaCl2  
0.26 m g dm–3, FeSo4 0.6 m g dm–3, na2moo4 2 m g dm–3, 
pH 7). In minimal medium phenol or glucose was used as the 
only carbon and energy source.

Cell hydrophobicity. 
Hydrophobicity of cells was determined by the  

math test2.
Cell fatty acids.
For fatty acids determination the cells were harvested 

by centrifugation, washed and lyophilized. Fatty acids were 
esterified to methyl esters, extracted to hexan and analysed 
by GC-FID.

adhesion monitoring.
The Flow cell 81 (BioSurface Technologies, USa) was 

used for assessing the adhesion of cells. materials with different 
hydrophobicity and other properties were evaluated. Three types 
of glass were employed: microscope slide (labeled glass in fol-
lowing text), coated glass and hydrophobized glass. also poly-
meric materials silicone and teflon were evaluated. The glass and 
silicone materials were prepared at the Department of Polymers, 
Faculty of Chemical Technology, Institute of Chemical Technol-
ogy, prague.

material hydrophobicity.
The material hydrophobicity (except teflon) was deter-

•

•

•

•

•

•

mined by the Surface Energy Evaluation system (Department 
of Physical Electronics, Faculty of Science, masaryk Univer-
sity, Czech republic).

Results
T h e  E x t e r n a l  C o n d i t i o n s  I n f l u e n c e 
o n  C e l l  H y d r o p h o b i c i t y

Cell wall hydrophobicity reflects the cell physiological 
state and is one of the most important cell characterictics that 
determine the ability to adhere3. Cell hydrophobicity can be 
influenced by the type of the source of carbon and energy. 

In our study we investigated the effect of medium com-
position (complex and minimal media, optimal and stressful 
cultivation conditions). We found that the initial phenol con-
centration 0.3 g dm–3 can be considered as optimal and that 
phenol concentration 0.7 g dm–3 partially inhibits the growth 
and can be called stressful (data not shown). Concentration 
1.0 g dm–3 caused considerable inhibition of the growth. Nu-
trient broth was chosen as a complex medium. also glucose 
(as a C source) in minimal medium was tested. During the 
experiments, hydrophobicity of cells in different growth 
phases was determined to ascertain the influence of this fac-
tor, which according to literature, can be considerable4.

the Rhodococcus erythropolis cells were proven to be 
highly hydrophobic in all monitored media (see Fig. 1.). The 
medium composition influence on variation of cell hydropho-
bicity was significant. The changes in cell hydrophobicity 
during the growth (exponential, stationary phase) were not 
considerable and therefore the subsequent experiments were 
carried out with cells in stationary phase.

The fatty acid composition of cells cultivated in media 
with different phenol concentration is presented in the Table I. 
results indicate that there is dependency of fatty acid compo-
sition on initial phenol concentration.
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Figure 1. The dependence of media composition on R. 
erythropolis cells hydrophobicity in two growth phases. 

Fig. 1.	 The	dependence	of	R. erythropolis	cells	hydrophobicity	
on	media	composition



Chem. Listy, 102, s265–s1311 (2008) Food Chemistry & Biotechnology

s781

C e l l  a d h e s i o n
The determination of material hydrophobicity and other 

surface characteristics influence on cell adhesion was the aim 
of our work. Five materials were tested, both hydrophilic and 
hydrophobic. The hydrophilic materials were: glass without 
any modifications (strictly hydrophilic) and coated glass with 
slightly less hydrophilic surface. The hydrophobic materials 
were: hydrophobized glass and silicone with equal hydropho-
bicity, to ascertain the influence of surface moieties. The last 
material was teflon, known for its extreme hydrophobicity5 
and antiadhesion properties.

Experiments were carried out using cells precultivated 
in Erlenmeyer flasks. The hydrophobicity of these cells was 
approximately 85 % (Fig. 1.). Initial adhesion experiments 
(see Table II) were carried out in the presence of phenol 
(0.3 g dm–3). The adhesion was monitored after one hour and 
after 24 hours. The results confirmed that hydrophobic cells 
do not adhere to hydrophilic surface. The results also verified 
our assumption that beside hydrophobicity there are other  
important factors in the process of cell adhesion. The teflon 
was proven to be an unfavourable material for cell adhesion.

The colonized area was three times higher on silicone 
than on the hydrophobized glass with the same hydrophobic-
ity. The influence of the experiment duration was not signifi-
cant.

also the adhesion of cells with different inoculation ori-
gin was evaluated (see Table III). The cells were precultivated 
in inoculum medium (nutrient broth or mineral medium with 
phenol) and then transferred to experiment medium. This was 
proven to be substantial in cell attachment. The cells adhered 
the most to silicone, but only in medium with phenol concentra-
tion 0.3 g dm–3. When transferred from either nutrient broth or 
minimal medium to minimal medium with phenol concentration 
0.7 g dm–3, cells adhered considerably less.

Conclusions
In our study the influence of cultivation conditions on 

cell hydrophobicity and cell adhesion was confirmed. It was 
found that not only hydrophobicity of materials plays impor-
tant role in colonization, but also other surface characteristics 
are significant.

Table I
Cell envelope fatty acid composition. Cells were harvested by centrifugation and lyophilized fatty acids 
were esterified to methyl esters, extracted to hexan and analysed by GC-FID

 Fatty acid (methyl ester) tr [min] Carbon atoms phenol [g dm–3]
 0.3 0.7
  not identified 7.6 x  
 14 : 0 tetradecanoate 13.3 14  4.8
 i-15 : 0 13-methyltetradecanoate 14.9 15  
  not identified 17.8 x  
 16 : 1 cis-9-hexadecanoate 17.9 16 8.3 12.7
 16 : 0 hexadecanoate 18.3 16 41.8 51.7
  not identified 19.4 x 3.2 
 17 : 0Δ cis-9,10-methylenhexadecanoate 20.6 17 8.8 
 17 : 0 heptadecanoate 20.9 17  
 18 : 19 cis-9-oktadecanoate 22.7 18  
 18 : 0 oktadecanoate 23.4 18 2.1 8.0
  not identified 24.2 x 33.6 24.5
  not identified 26.8 x 2.1 

Table II
The adhesion of Rhodococcus erythropolis cells on different 
materials after one and twenty-four hours

 Experiment duration [h] 1 24
 material material  colonized area
 hydrophobicity [%]
 glass 26.4  ±  6.6 0 0.2
 coated glass 55.9  ±  8.2 4.9 3.2
 hydrophobized glass 97.0  ±  2.0 12.1 12.9
 silicone 97.0  ±  3.6 39.5 40.1
 teflon 108 5 7.6 4.9

Table III
The influence of inoculum cultivation conditions on rhodo-
coccus erythropolis cells adhesion on different materials

 Experiment set-up

 inoculum medium n.broth n.broth phenol
 0.7 g dm–3

 experiment medium phenol  phenol  phenol 
 0.3 g dm–3 0.7 g dm–3 0.7 g dm–3

 material material  colonized area [%]  hydrophobicity
 glass 26.4  ±  6.6 0 0.2 0.04
 silicone 97.0  ±  3.6 39.5 4.5 9.2
 teflon 108 7.6 5.5 6.0
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Introduction
The vegetable juices processed by the lactic acid fer-

mentation introduce change in the beverage assortment. 
During fermentation, a great amount of another substances 
useful for health is produced by lactic acid bacteria and by 
other microorganisms1. most probiotic microorganisms are 
lactic acid bacteria such as Lactobacillus plantarum, Lacto-
bacillus casei, Lactobacillus acidophilus, and Streptococcus 
lactis2.

the term probiotic refers to live microorganisms that 
survive passage through the gastrointestinal tract and have 
beneficial effects on the host3.

Prebiotics are an alternative for probiotics or their 
cofactors. They are defined as non-digestible or low-diges-
tible food ingredients that benefit the host organism by sele-
ctively stimulating the growth or activity of one or a limited 
number of probiotic bacteria in the colon4. inulin and oligo-
fructose are the most studied and well-established prebio-
tics5. Inulin is a polydisperse fructan and it is a mixture of 
oligomers and polymers of chain of fructosyl units with one 
glucosyl unit at the end of a chain. The non-digestibility of 
inulin is the reason for the reduced caloric value of this natu-
ral polysaccharide.

Inulin is frequently used as an additive in functional 
ood articles, especially as substitute for lipid compounds 
and upplement for sugar. It can also be used in products with 
increased dietary fibre content, e.g. bread or food product, 
with a bifidogenic effect6.

The conditions for lactic acid fermentation based on a 
cabbage juice and four probiotic lactic acid bacteria has been 
studied. all cultures showed good biochemical activity in 
the cabbage juices. addition of prebiotic preparation into the 
cabbage juices has been studied also.

Experimental
B a c t e r i a l  S t r a i n s  a n d  G r o w t h 
C o n d i t i o n s

Lactobacillus plantarum CCm 7039, Lactobacillus 
amylophillus CCm 7001, Lactobacillus amylovorus CCm 
4380 and Bifodobacterium longum CCm 4990 (obtained from 
Czech Collection of microorganisms, Faculty of Sciences, 
masaryk University, Brno, Czech republic) were cultivated 
at 30 °C 2 day in the three medium (medium a-mrS broth, 
medium B-mrS broth with addition 2 % prebiotic prepara-
tion and medium C-mrS broth, the glucose was substituted 

prebiotic preparation). For fermentation we used night cul-
ture with initial concentration 106 CFu per milliliter. the ph 
of mrS medium was adjusted to 5.8  ±  0.2, and the medium 
was autoclaved 120 °C for 20 min. 

a n a l y s i s  o f  G r o w t h
Cellular growth was followed by plate counting th-

roughout the fermentation. The number of CFU per milliliter 
were obtained through enumeration on mrS agar after anae-
robic incubation at 37 °C for 48 h.

a n a l y s i s  o f  m e t a b o l i t e  P r o d u c t i o n
The concentration of lactic acid, citric acid and acetic acid 

were determined through high-performance liquid chromato-
graphy with rI detector (K-2301. Knauer). an Polymer IEX 
H form (250 × 8 mm, Watrex) column was used with 9 mm of 
h2So4 as the mobile phase at a flow rate of 1 ml min–1. the 
column temperature was kept constant at 50 °C. Before inje-
ction the samples were filtred (pore size 0,20 μm). all sam-
ples were analyzed triplicate. The measurement of pH was 
performed using a LaBor-pH-meter CG-834 SCHoTT, 
germany7.

F e r m e n t a t i o n  o f  C a b b a g e  J u i c e s
The fresh raw material (cabbage – Brassica oleracea 

L. convar. capitata (L.) Alef. var. alba, variety HoLT was 
purchased in a local market in Slovakia. Fresh sample juices 
were obtained by extracting the juice from cabbage using a 
kitchen juicer. Subsequently, the juices were gauze-filtered, 
fortified by adding 2% D-glucose and 0.5% NaCl, and inocu-
lated with a culture of the lactic bacteria. Thus treated juices 
were poured into 250 ml graduated flasks, which were stop-
pered with sterile stoppers and left to ferment in a thermostat 
for 168 hours at 21 °C. During the fermentation, samples at 
specified intervals were taken for analytical determinations.

Results
In this study we applied Lactobacillus plantarum CCm 

7039, Lactobacillus. amylophillus CCm 7001, Lactoba-
cillus amylovorus CCm 4380 for preparation of lactic acid 
fermented cabbage juices. The suitability of Bifidobacterium 
longum CCm 4990 was also tested because study of Luka-
čová et. al., describes this bacterium as a potential probiotic 
culture8. 

In this work, we also tested influence lactic acid bacte-
ria on the prebiotic preparation Frutafit® IQ (90–95 % instant 
inulín). 

at the first, we tested the grow lactic acid bacteria in the 
tree mrS medium. We find out, that the lactic acid bacterie 
during the 48 h of cultivation has suitable condition for grow 
in the mrS medium with glucose and 2% inulin than in the 
mrS medium (without glucose) with 2% inulin. The Fig. 1. 
describe the grow Lactobacillus amylophilus CCm 7001 in 
the free various medium. The Fig. 2. describe decrease of pH 
during cultivation of Lactobacillus amylophilus CCm 7001. 
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From this result we conclude that the Lactobacillus 
plantarum CCm 7039, Lactobacillus. amylophillus CCm 
7001, Lactobacillus amylovorus CCm 4380 and Bifodoba-
cterium longum CCm 4990 were not capable utilised inulin 
from Frutafit® IQ during 48 h of cultivation.

During the fermentation, pH of the juices decreases 
usually from 6–6.5 to 3.8–4.5. a rapid decrease of pH at the 
beginning of fermentation has decisive importance for the 
quality of the final product9. at the beginning of fermentation 

process, the cabbage juices had pH 6.3–6.1. at the end of 
fermentation process (after 168 h) the samples had pH 4.2–
3.86. Formation of lactic acid is considered to be the key 
factor of the preserving effect in lactic acid fermentation10. 
after 168 h of fermentation, the cabbage juices containing 
5.5–11.7 g dm–3 of lactic acid.

Conclusions
From the results it could be concluded that cabbage 

could be an effective raw material for prepared lactic acid 
fermented juices inoculated with microorganisms Lactoba-
cillus plantarum CCm 7039, Lactobacillus. amylophillus 
CCm 7001, Lactobacillus amylovorus CCm 4380 and Bifi-
dobacterium longum CCm 4990. 

also the results show, that tested probiotic bacteria and 
addition of 2 % prebiotic preparation were suitable for pre-
paration lactic acid fermented cabbage juice with functional 
properties.

This work was supported by the Slovak Grant Agency for 
Sciences VEGA Grant No. 1/3546/06 and Slovak Research and 
Development Agency under the contract No. APVV-0310-06.
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Fig. 1.	 The	growth	of	Lactobacillus amylophilus	CCM	7001	in	
the	tree	various	medium

Fig. 2.	 The	pH	of	Lactobacillus amylophilus	CCM	7001	in	the	
tree	various	medium
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Introduction
one group of the most extensively used additives in the 

food industry are the hydrocolloids1. The most well know 
and applied in the industry polymers included in this kind 
of substances are alginates, carrageenans, agar, guar gum, 
arabic gum, methyl cellulose and carboxymethyl cellulose2. 
These compounds used in food products and processing can 
serve as processing aids, provide dietary fiber, impart speci-
fic functional properties or perform a combination of these 
roles. Guar and xanthan gums, for instance, have been used at 
7 % and 2 % levels, respectively, in bread to provide dietary 
fiber for therapeutic purposes. at a lower level of incorpora-
tion, gums have served as additives to improve the quality 
of bread3.

In the baking industry, hydrocolloids are of increasing 
importance as bread improvers as they can induce structural 
changes in the main components of wheat flour systems along 
the breadmaking steps and bread storage1. the hydrocolloids 
are added to bakery products for control water absorption 
and consequently dough rheology4, improving their shelf life 
by keeping the moisture content and retarding the staling5. it 
is well known the effect of hydrocolloids on starch pasting 
properties5,6. these starch properties, that include gelatini-
zation temperature, paste viscosity and retrogradation of the 
starch, affect baking and final quality and staling behaviour 
of baking products6. 

The present study was done to examine the effect of dif-
ferent hydrocolloids on retarding the staling process of baked 
goods.

Experimental
a wheat flour T650 (containing 11.20  ±  0.2 % of pro-

teins, 0.68  ±  0.001 % of ash in dry matter and 31.55  ±  0.4 % 
of wet gluten in dry matter) and wholemeal spelt flour (con-
taining 17.30  ±  0.3 % of proteins, 2.21  ±  0.002 % ash in dry 
matter and 40.99  ±  0.5 % of wet gluten in dry matter) and of 
local origin was used in the study. Blend flour was obtained 
mixing of wheat and wholemeal spelt flours in ratio 85:15. 

The hydrocolloids used were: guar gum, gum arabic, 
xanthan gum and methyl 2-hydroxyethyl celullose. The 
dough was prepared according to formulation, which was 
100 % blend flour, salt 2 %, sugar 1 %, yeast 4 %, sunflower 
oil 2.5 %, hydrocolloid 1 % on flour weight basis and water 
to farinographic consistency 400 BU (Brabender Units). 
all raw materials were procured from the local market in  
Slovakia. 

The ingredients were mixed during 6 minutes in farino-
graphic mixing bowl. after 20 min fermentation, the dough 
was divided into 100 g loaves, formed on dough former, pro-
ofed 45 min and baked in an electric oven during 12 min at 
230 °C. Baking trials were performed in triplicate.

D e t e r m i n a t i o n  o f  C r u m b  H a r d n e s s
Crumb hardness was measured on freshly baked loves 

(2 h after baking) and on loaves that were stored for 24, 48 
and 72 hours at ambient temperature using a manually opera-
ting penetrometer aP 4/1 when 1 penetrating unit represented 
0.1 mm.

Results
Bakery products have a very short shelf life and their 

quality is highly dependent on the period of time between 
baking and consumption7.

Firming of bread crumb during storage is a common 
phenomenon and leads to a crumbly texture, and lower con-
sumer acceptance. Staling of bakery products is generally 
defined as an increase in crumb firmness and a parallel loss in 
product freshness8. Firming is the preferred parameter used 
to evaluate staling development9. 

In this study, the anti-staling potential of various hydro-
colloids was investigated. We concluded that all from applied 
hydrocolloids expect methyl 2-hydroxyethyl cellulose redu-
ced firmness during 72 h storage period, given softer crumb 
than control samples (without hydrocolloids). The reason 
for the softer texture with gum treatments might be that the 
hydrophylic gums were holding more water, which led to 
higher moisture content in the final baked product and as a 
consequence, retrogradation of the starch and bread firming 
is retarded10. Guar gum had the greatest effect in decrea-
sing crumb hardness (see Fig. 1.). This hydrocolloid has a 
softening effect due to a possible inhibition of the amylo-
pectin retrogradation, since guar gum preferentially binds 
to starch11. Effect addition of different concentration of guar 
gum (from 0 to 2 %) on shelf life of baked products was also  
 

Fig. 1.	 Effect	 hydrocolloids	 on	 crumb	 penetration	 (S-control	
sample,	×	–	 xanthan	 gum,	A	 –	 gum	arabic,	G	 –	 guar	 gum,	M-	
methyl	2-hydroxyethyl	celullose
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studied. From results concluded that addition 0.75–2 % of 
this compound significantly delaed baked goods staling pro-
cess. Expect these positive effects, the incorporation of guar 
gum also improved palatability of final products.

Conclusions
Nowadays, the use of additives has become a common 

practice in the baking industry. Baked goods staling evaluated 
during 72 h storage period through bread firmness values 
showed, that loaves prepared with hydrocolloids extent pro-
ducts contained celullose derivate were soften when control 
sample. Guar gum was showed as good bakery improver 
owing to its good crumb softening effects. 

The incorporation of hydrocolloids into the loaves also 
influenced rheological parameters of dough and sensory 
acceptance of final products in different ways.

This work was supported by following grants: VEGA 
(Grant No. 1/0570/08), APVT (Grant No. 20-002904), AV 
(Grant No. 4/0013/07) and APVV (Grant No. 031006).
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Introduction
a large part of the world tomato crop is processed into 

tomato paste, which is subsequently used as an ingredient 
in many food products, mainly soups, sauces and ketchup1. 
Tomato ketchup is concentrated dispersion of insoluble mat-
ter in aqueous medium2. 

By definition, rheology is the study of the deformation 
and flow of matter. So, rheological properties are based on 
flow and deformation responses of foods when subjected to 
stress3. The flow properties of food products significantly 
influence not only technology processes during the produ-
ction, but the texture of final products, too4. Tomato ketchup 
viscosity is very important from both engineering and consu-
mer viewpoints5. 

The aim of this work was investigated the influence of 
pH on the rheological properties of 3 samples of the formu-
lated tomato ketchups at pH levels 3.5, 4.0 and 4.5. This pH 
range is most common for tomato ketchups. In recent years 
rheological properties of food products have become increa-
singly important in the formulation of food and the optimiza-
tion of food processing.

Experimental
Three samples of tomato ketchup were prepared in labo-

ratory conditions. The tomato paste with tomato soluble solids 
30 % and guar gum cames from the company Kolagrex Int., 
s.r.o., Kolárovo, Slovak republic. Some ingredients such as 

Isosweet and resistamyl 348 were from amylum Slovakia, 
s.r.o., Boleráz, Slovak republic and other were purchased 
from local market.

t o m a t o  K e t c h u p  p r e p a r a t i o n
The 100 g of tomato ketchup samples were prepa-

red following the recipe: 35 g of tomato paste (TSS 30 %) 
mixed with ingredients typically used in ketchup prepara-
tion (15 g of isosweet, 11.5 g of vinegar, 1.5 g of salt, 2 g 
of resistamyl 348, 0.1 g of guar gum and 34.9 g of water). 
The pH level of the mixture was modified at level 3.5 (a1), 
4.0 (a2) or 4.5 (a3) and followed by stirring for 5 min. The 
mixture was heated and stirred constantly until temperature 
between 80–85 °C reached. Ketchup samples were then sto-
red at ambient temperature (25 °C) for 24 h before analyses.

r h e o l o g i c a l  m e a s u r e m e n t
The rheological measurements of this study were carried 

out using the rotational viscometer (controlled rate mode) 
HaaKE viscotester vT 550 (Haake, Karlsruhe, Germany) 
with coaxial cylinder measuring sensor systems mv DIN 
53019. The viscotester vT 550 was computer-operated with 
the application software rheoWin Job manager and data 
evaluation software rheoWin Data manager (ThermoHaake, 
Karlsruhe, germany). 

Flow curves (the graphical correlation between shear 
stress τ and shear rate D) were measured at a continuously 
increasing shear rate ramp over 3 min from 0 to 1000 s–1. the 
apparent viscosity:

The thermal stability of the studied samples was measu-
red at the low shear rate of 10 s–1 after 3 min of shearing.

Results
From the shape of the flow curves, which are demon-

strated on the Fig. 1., it is possible to get the important infor-
mation about rheological character of each ketchup sample. 
all 3 samples behave as non-Newtonian fluids, of which 
shear stress and apparent viscosity was changed with rate of 
dynamic strain. rheograms confirmed their pseudoplastic 
characters too.

viscosity curves (Fig. 2.) were constructed by conver-
sion of values of flow curves. From their shape it is possible 
to set viscosity of the product at specific shear rates to which 
will be product exposed during dispersion, mixing, pum-
ping, and filling to container as well as during application 
with consumer. The highest apparent viscosity during shear 
rate range 10–1,000 s–1 was determined in ketchup sample 
a1 with pH 3.5. Decreasing in the apparent viscosity was 
followed by sample a2 with pH 4.0 and then by sample a3 
with pH 4.5.The requirement putting on some food products 
exposed to the specified temperature range is that its viscosity 
changed minimally. The effect of temperature on viscosity of 
ketchup samples is showed in Fig. 3. Ketchups should have 

 ηa  =  τ/D (1)

Fig. 1.	 Flow	 curves	 of	 the	 studied	 ketchup	 samples	 at	 shear	
rate	0–1,000	s–1	and	temperature	25	±	1	°C
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small viscosity sensitivity between refrigerator and room 
temperature6. the smallest change in the apparent viscosity 
about 11.4 % was found in sample a1 with pH 3.5.

Conclusions
rheological properties are next to colour and flavour the 

important criterion of sensory evaluation of the food product 
and its acceptation by consumer. The necessity to set the flow 
behaviour of product so that their characteristics, standard 
and quality would be maintained during transportation, sto-
rage and application is important from aesthetical and prac-
tical point too. 

Three samples of the formulated ketchup with different 
pH level were investigated. The pH level of analysed tomato 
ketchups varied from 3.5 to 4.5, the most common pH range 
in ketchups.

The results indicated that studied samples of tomato 
ketchup behave as non-Newtonian fluids with pseudoplastic 
characteristics. The apparent viscosity was decreased with 
increasing pH level of tomato ketchups samples at all tem-

perature range from 5 °C to 90 °C and at all shear rate range 
from 10 s–1 to 1,000 s–1.

This work has been supported by APVT No. 20-002904.
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Fig. 2.	 viscosity	curves	of	the	studied	ketchup	samples	at	shear	
rate	10–1,000	s–1	and	temperature	25	±	1	°C

Fig. 3.	 Effect	 of	 temperature	 on	 viscosity	 of	 the	 studied	 ket-
chup	 samples	 at	 shear	 rate	 D		=		10	s–1	 and	 temperature	 range	
from	5		±		1	°C	to	90		±		1	°C
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Introduction
Diazinon (o,o-diethyl o-2-isopropyl-6-methylpyrimi-

din-4-yl phosphorothioate) belongs to the group of organo-
phosphate insecticides used to control cockroaches, fleas and 
ants. It is also used to control a wide variety of sucking and 
leaf eating insects and it has also veterinary use1.

Diazinon has toxic effect on nervous system. This ef-
fect is achieved through the inhibition of acetylcholineste-
rase2. This enzyme has a key role in process for controlling of 
nervous signal transfer. Lack of acetylcholinesterase causes 
accumulation of acetylcholine. accumulation of this neurot-
ransmitter on the connections between nerves and muscles 
causes uncontrolled muscular contraction and algospasmus, 
between nerves and glands causes continual secretion of 
these glands, while acetylcholine cumulation between certain 
nerve cells in a brain causes sensory behavior disorders3.

Diazinon is also able to cause oxidative stress of the 
organism through the forming of free radicals that are formed 
during the increased overextension of the organism by pest-
icides4,5.

LD 50 (letal dose for 50 % of tested animals) for dia-
zinon is very different depending up to the species of used 
laboratory animal. For rats, this value was established to be 
1250 mg kg–1 after peroral administration and for laboratory 
mice 80–135 mg kg–1 of diazinon after peroral administra-
tion. aDI value (acceptable daily intake) was established on 
0.002 mg kg–1 of diazinon per day3,6. Typical symptoms of 
poisoning are weakness, headaches, tightness in the chest, 
blurred vision, nonreactive pinpoint pupils, salivation, swea-
ting, nausea, vomiting, diarrhea, abdominal cramps, and slur-
red speech. Some researches pointed out that diazinon has 
also mutagenic effect, however current evidence is inconclu-
sive3,7. When it comes for a carcinogenic effect, diazinon is 
not considered to be a carcinogenic compound7.

metabolism and excretion rates for diazinon are rapid. 
The half-life of diazinon in animals is about 12 hours. The 
product is passed out of the body through urine and in the 
feces. The metabolites account for about 70 % of the total 
amount excreted. Diazinon does not belong to the group of 
chemicals that is characteristic with the long-lasting cumu-
lation in human or animal tissues. However, in some cases 
could be diazinon detected in the samples of fat tisse, because 
this tissue has certain ability to cumulate organophosphate 
insecticides for relatively short period of time.Cattle exposed 

to diazinon may store the compound in their fat over the short 
term8.

In this assay, we studied the effect of diazinon intrape-
ritoneal administration on rat serum cholinesterase catalytic 
activity and the distribution of diazinon in various tissues of 
organs of experimental animals.

Experimental
Laboratory rats in the age of 135 days were randomly 

divided into 2 groups. Each group consisted of 10 males. 
animals in the first group were administrated with diazinon 
(Sigma, USa) 20 mg kg–1 b.w. intraperitoneally in physiolo-
gical solution. the second group served as a control group 
and was administrated only with the physiological solution. 
24 hours after the administration of tested substance, animals 
were sacrificed, blood samples were taken from hearts and 
samples of livers, kidneys, muscles and fat tissue were taken 
during the autopsy.

Catalytic activity of cholinesterase was determined with 
using of Bio-La-Test®. The amount of diazinon in tissues 
was determined with using of gas chromatography with mass 
spectrometry.

Basic statistical characteristics – arithmetic mean, stan-
dard deviation and variation coefficient were calculated for 
cholinesterase catalytic activity and for amount of diazinon 
in each group. obtained data were then processed in order 
to determinate statistical significance of the results. The 
Student’s t-test was finally used for establishment of statis-
tical significance.

Results
No deaths were observed in any of groups of experimen-

tal animals. However, animals from diazinon treted group 
approximately 12 hours after the administration of diazinon 
showed symptoms connected with depression of cholineste-
rase activity and did not react on external stimuli. results of 
the determination of cholinesterase activity are presented in 
Table I.

Changes of cholinesterase catalytic activity were obser-
ved in diazinon treated animals. We observed significant decre-
ase of cholinesterase catalytic activity from 3.69 µkat dm–3 in 
control group to 1.81 µkat dm–3 in experimental group. mus-
cular weakness, confuse and lethargy were typical symptoms 
that were observed on experimental animals in our assay.

Table I
Cholinesterase activity (μkat dm–3) in different groups

  Cholinesterase activity variation
Group of animals activity coefficient
  (X  ±  SD) [%]
 Dizinon group 1.81  ±  0.79* 44
 Control group 3.69  ±  0.51 14
X – arithmetic mean, SD – standard deviation, 
*p-value < 0.05
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results of the determination of diazino amount in vari-
ous tissues of control animals in comparison with experimen-
tal group of animals are presented in Table II.

after analyzing samples of livers, kidneys, muscles and 
fat tissue for amount of diazinon we observed significant 
increasing of dizinon amount in samples of fat tissue. Incon-
siderable incease of diazinon amount was detected in samples 
of kidneys and musled. on the other hand we did not detect 
any amount of diazinon in liver samples of experimental ani-
mals.

Conclusions
Itraperitoneal administration of diazinon in amount of 20 

mg.kg-1 caused significant depression of cholinesterase cata-

lytic activity. Significantly increased amount of diazinon was 
detected only in samples of fat tissue. on the other hadn, we 
did not detect any amount of diazinon in samples of liver.

This research is supported by a grant from Scientific 
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lic and Slovak Academy of Sciences, no. of project: VEGA 
1/3475/06.
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Fig. 1.	 Cholinesterase	activity	in	different	groups

Table II
amount of diazinon in various tissues [mg kg–1]

  amount of diazinon [mg kg–1])
 tissue 

Control
 Experimental variation

   (X  ±  SD) coefficient
    [%]
 Liver 0 0 0
 Kidney 0 0.072  ±  0.036 49
 muscle 0 0.067  ±  0.041 62
 Fat 0 3.717  ±  3.749* 100
X – arithmetic mean, SD – standard deviation,
*p-value<0.05

Fig. 2.	 Amount	of	diazinon	in	various	tisuues
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Introduction
Lactococci are the most prominent group of lactic acid 

bacteria applied in dairy fermentations. Strains of L. lactis 
ssp. lactis have been used in the manufacture of different 
types of cheese. moreover, some lactococcal strains produce 
bacteriocins which show activity against food pathogens. 
Differentiation of these strains on the basis of phenotypic 
tests is time-consuming and can lead to misclassification. 
Due to the wide use in dairy industry and different techno-
logical properties, fast and reliable PCr-based methods were 
developed which enable identification of L. lactis1 and distin-
ction between the two subspecies lactis and cremoris2. False-
negative results can occur due to the presence of extracellular 
PCr inhibitors in real tested samples of dairy products.3–5 
The problem of pure DNa preparation can be resolved by 
means of various isolation and purification methods. Solid 
phase systems based on non-selectively adsorbing DNa have 
been developed. It was shown that PCr-ready DNa can be 
isolated using magnetic microspheres P(HEma-co-EDma) 
containing carboxyl groups4,5 in the presence of high concen-
trations of PEG 6000 and NaCl.

The aim of this work was to develop a method for 
PCr-ready DNa isolation from different hard cheese sam-
ples. Carboxyl-functionalised magnetic poly(2-hydroxye-
thyl methacrylate-co-ethylene dimethacrylate) microspheres 
(P(HEma-co-EDma)) were used for DNa isolation. The 
quality of extracted DNa was checked by PCr amplifica-
tion.

Material	and	Methods
C h e m i c a l s  a n d  E q u i p m e n t

Primers for PCr were synthesised by Generi-Biotech 
(Hradec Králové, Czech republic); Taqi Dna polymerase 
was from Bio-Tech (Prague, Czech republic), DNa ladder 
100 bp from malamité (moravské Prusy). The PCr reaction 
mixture was amplified on an mJ research Programme Cycler 
PTC-100 (Watertown, USa).

magnetic nonporous poly(2-hydroxyethyl methacrylate-
co-glycidyl methacrylate) P(HEma-co-Gma) microspheres 
containing carboxyl groups were prepared according to the 
previously described procedure6 in the Institute of macromo-
lecular Chemistry (academy of Sciences of the Czech repub-
lic) in Prague. magnetic particles were separated on a Dynal 
mPC-m magnetic particle concentrator (oslo, Norway).

m e t h o d s
the type strain Lactococcus lactis subsp. lactis CCm 

1877t from the Czech Collection of microorganisms was 
used as a control strain. It was cultivated on mrS agar 
with 0.5 % of glucose at 30 ºC for 48 h. The cells from 
1.5 ml culture were centrifuged (14,000 g 5 min–1), washed 
in water, and resuspended in 500 µl of lysis buffer (10mm 
Tris, pH 7.8, 5mm EDTa pH 8.0, lysozyme 3 mg ml–1). 
after 1 hour, 12.5 µl of 20% SDS and 5 µl of proteinase K  
(10 μg ml–1) was added and incubated at 55 °C overnight. 
DNa was extracted using phenol methods7, precipitated with 
ethanol, and dissolved in TE buffer (10 mm Tris-HCl, 1mm 
eDta, ph 7.8). 

The DNa from hard cheese samples was isolated from 
crude cell lysates from cheese filtrates by the phenol extrac-
tion procedure7 (control) and by magnetic microspheres (see 
later). magnetic microspheres P(HEma-co-EDma) contai-
ning carboxyl groups (100 µl, 2 mg ml–1) were added to the 
crude cell lysates (100 µl) together with 5m NaCl (400 µl), 
40% PEG 6000 (200 µl) and water to a volume of 1,000 µl 
(200 µl). after 15 minutes of incubation at laboratory tem-
perature, the microspheres with bound DNa were separated 
using magnet, washed in 70% ethanol, and DNa was eluted 
into 100 µl of TE buffer. 

Species-specific PCr primers PaLa4 and PaLa14 (tar-
geted on acm A gene encoding N-acetylmuramidase specific 
to Lactococcus lactis, 1131 bp long PCr products)1 were 
used for the identification of Lactococcus lactis species. 
The PCr mixture contained 1 µl of each 10mm dNTP, 1 µl 
(10 pmol µl–1) of each primer, 1 µl of Taq 1.1 polymerase 
(1 U µl–1), 2.5 µl of buffer (1.5mm), 1–3 µl of DNa mat-
rix, and PCr water was added up to a 25 µl volume. The 
amplification reactions were carried out using the following 
cycle parameters: 5 min of the initial denaturation period at 
94 °C (hot start), 60 s of denaturation at 94 °C, 60 s of pri-
mer annealing at 45 °C, and 60 s of extension at 72 °C. The 
final polymerisation step was prolonged to 10 min. PCr 
was performed in 30 cycles. The PCr products were sepa-
rated and identified using electrophoresis in 1.5% agarose 
gel. The DNa on the gel was stained with ethidium bromide 
(0.5 μg ml–1), observed on a Uv transilluminator (305 nm), 
and documented.

Results	and	Discussion
Pre-PCr processing procedures have been developed 

to remove or reduce the effects of PCr inhibitors from hard 
cheese samples. Ten different cheese samples were used. The 
method of DNa isolation using magnetic microspheres was 
evaluated. Different amounts of cheese and different proce-
dures of their homogenisation were tested at first. The best 
results were achieved with cheese samples (1 g of cheese 
1.5 ml–1 of sterile water) homogenised in a grinding mortar. 
The hard pieces of cheese samples were removed using filtra-
tion through sterile gauze. The fat layer was removed from 
the filtrates by pipetting. The cells in the filtrates (1.5 or 3 ml) 
were centrifuged (10,000 g 5 min–1), washed with 1 ml of ste-
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rile water, and resuspended in 1 ml of lysis buffer with lyso-
zyme and treated with laboratory temperature (see above). 
Then, the procedure of DNa isolation using magnetic micro-
spheres was used (see above). In PCr 1 and 3 µl of DNa 
matrix were used. The results with 3 µl of DNa matrix are 
shown in Fig. 1. In all samples prepared from 3 ml of filtrate, 
PCr products specific to Lactococcus lactis were amplified. 

Conclusion
The evaluated procedure of hard cheese sample prepa-

ration for DNa isolation using magnetic microspheres was 
verified on 10 different cheese samples with success. The qu-
ick and more simple method of DNa isolation with magnetic 
microspheres gave results comparable to those with DNa 
isolated using phenol extraction.
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Fig. 1.	 Agarose	gel	electrophoresis	of	PCR	products	obtained	
after	amplification	of	Lactococcus lactis	DNA	(3	µl)	isolated	from	
hard	 cheese	 samples	 by	 magnetic	 microspheres.	 Lanes	 1-10:	
hard	cheese	samples,	 lane	11:	DNA	standards	 (100	bp	 ladder),	
lane	12:	negative	control	without	DNA,	lane	13:	positive	control	
with	purified	Lactococcus lactis	subsp.	lactis	CCM	1877T	DNA	
(cDNA		=		10	ng	μl–1)
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Introduction
most molecular diagnostic studies of lactic acid bacteria 

have been focused on the strains of Lactobacillus and Bifi-
dobacterium1–4 genera due to their probiotic potential and 
commercial exploitation in food industry. Undeservedly less 
attention has been devoted to the identification of Streptococ-
cus thermophilus in the literature. Streptococcus thermophi-
lus is namely one of the most widely used lactic acid bacteria 
in the dairy industry as a starter culture component in the 
manufacture of fermented dairy products, such as yoghurt 
and cheese, and in probiotic preparations. Identification of 
Streptococcus thermophilus is therefore important. Classical 
methods based on biochemical characterisation are in many 
cases insufficient. For this reason, specific PCr primers 
for identification of Streptococcus thermophilus cells were 
described in the literature5,6.

The aim of this work was to isolate PCr-ready DNa 
from yoghurt and milk drink samples containing PCr inhi-
bitors. Carboxyl-functionalised magnetic poly(2-hydroxye-
thyl methacrylate-co-ethylene dimethacrylate) microspheres 
(P(HEma-co-EDma)) were used for DNa isolation. The 
quality of extracted DNa was checked by PCr specific to 
Streptococcus thermophilus.

Material	and	Methods
C h e m i c a l s  a n d  E q u i p m e n t

Primers for PCr were synthesised by Generi-Biotech 
(Hradec Králové, Czech republic); Taqi Dna polymerase 
was from Bio-Tech (Prague, Czech republic), DNa ladder 
100 bp from malamité (moravské Prusy). The PCr reaction 
mixture was amplified on an mJ research Programme Cycler 
PTC-100 (Watertown, USa).

magnetic nonporous poly(2-hydroxyethyl methacrylate-
co-glycidyl methacrylate) P(HEma-co-Gma) microspheres 
containing carboxyl groups were prepared according to the 
previously described procedure7 in the Institute of macrom-
olecular Chemistry (academy of Sciences of the Czech 
republic) in Prague. magnetic microspheres were separated 
on a Dynal mPC-m magnetic particle concentrator (oslo, 
Norway).

m e t h o d s
the strain Streptococcus thermophilus CCm 4757 from 

the Czech Collection of microorganisms was used as a con-
trol strain. It was cultivated on mrS agar with 0.5 % of glu-

cose at 30 ºC for 48 h. The cells from 1.5 ml culture were 
centrifuged (14,000 g 5 min–1), washed in water, and resus-
pended in 500 µl of lysis buffer (10mm Tris, pH 7.8, 5mm 
EDTa pH 8.0, lysozyme 3 mg ml–1). after 1 hour, 12.5 µl of 
20% SDS and 5 µl of proteinase K (10 μg ml–1) were added 
and incubated at 55 °C overnight. DNa from these crude 
cell lysates was extracted using phenol method8, precipitated 
with ethanol and dissolved in TE buffer (10mm Tris-HCl, 
1mm eDta, ph 7.8). 

altogether 2 g of yoghurt (milk drink) samples resus-
pended in 2 ml water was centrifuged (12,000 g 5 min-1) to 
sediment the bacteria cells. The cells in the sediments were 
washed with 1 ml of sterile water and lysed. DNa from 
yoghurt samples was isolated from crude cell lysates by the 
phenol extraction procedure (control) (see above) and by 
magnetic microspheres (see later). magnetic microspheres 
P(HEma-co-EDma) (100 µl, 2 mg ml–1) containing carbo-
xyl groups were added to the crude cell lysates (100 µl) toge-
ther with 5m NaCl (400 µl), 40% PEG 6000 (200 µl) and 
water to a volume of 1,000 µl (200 µl). after 15 minutes of 
incubation at laboratory temperature, the microspheres with 
bound DNa were separated using magnet, washed in 70% 
ethanol, and DNa was eluted into 100 µl of TE buffer. 

Species-specific PCr primers were used for the identifi-
cation of Streptococcus thermophilus species9. The PCr mix-
ture contained 1 µl of each 10 mm dNTP, 1 µl (10 pmol µl–1) 
of each primer, 1 µl of Taq 1.1 polymerase (1 U µl–1), 2.5 µl 
of buffer (containing 1.5 mm mg2+ ions), 1–5 µl of DNa 
matrix, and PCr water was added up to a 25 µl volume. The 
amplification reactions were carried out using the following 
cycle parameters: 5 min of the initial denaturation period at 
95 °C (hot start), 60 s of denaturation at 95 °C, 60 s of pri-
mer annealing at 58 °C, and 60 s of extension at 72 °C. The 
final polymerisation step was prolonged to 10 min. PCr 
was performed in 30 cycles. The PCr products were sepa-
rated and identified using electrophoresis in 1.5% agarose 
gel. The DNa on the gel was stained with ethidium bromide 
(0.5 μg ml–1), observed on a Uv transilluminator (305 nm), 
and documented on a TT667 film using a CD34 camera.

Results	and	Discussion
Fermented diary products (8 white and fruit yoghurts 

and 2 milk drinks) from the market were used for the analy-
sis. Pre-PCr processing procedures have been developed to 
remove or reduce the effects of PCr inhibitors from tested 
samples. The quality of DNa in crude cell lysates of bacteria 
from yoghurt (milk drink) samples was proved (see mate-
rial and methods) using agarose gel electrophoresis. Dna 
in amounts from approximately 70 to 350 ng was detected. 
Then, the method of DNa isolation using magnetic micro-
spheres was evaluated. The amounts of eluted DNa in all 
samples tested were smaller than the detection limit for gel 
electrophoresis, but these amounts were sufficient for PCr. 
Detection of specific 968 bp long PCr products is given in 
Fig. 1. in which PCr product intensities for different amounts 
of DNa matrix are compared. PCr products of higher inten-
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sity were detected using higher amounts of DNa matrix. 
From these results it follows that the negative influence of 
PCr inhibitors in tested products on the PCr course was thus 
eliminated. DNa was isolated in a quality suitable for PCr.

Conclusion
The method of DNa isolation from yoghurt samples by 

magnetic microspheres was evaluated. Using the proposed 
DNa isolation process, PCr products specific to Streptococ-
cus thermophilus were amplified in all samples. The results 
presented here show that the simple method proposed is sui-
table for the isolation of whole DNa from yoghurt and milk 
drink samples, which can be used for PCr.
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Fig. 1.	 Agarose	gel	electrophoresis	of	PCR	products	obtained	
after	amplification	of	streptococcus thermophilus	DNA	isolated	
from	yoghurt	and	milk	drink	samples	by	magnetic	microspheres.	
Lanes	 1-8:	 yoghurt	 samples,	 lanes	 9,10:	milk	 drinks,	 lane	 11:	
positive	control	with	purified	Streptococcus	thermophilus	CCM	
4757	DNA	(cDNA		=		10	ng	μl–1),	 lane	12:	DNA	standards	 (100	bp	
ladder),	lane	13:	negative	control	without	DNA.	A:	1	µl	of	DNA	
matrix,	B:	2	µl	of	DNA	matrix
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Introduction
vegetable oils are obtained from different parts of oil-

seed plants by cold expression and subsequent extraction 
and purification. Since long ago, oils belong to among basic 
cosmetic preparations and use in pharmaceuticals, food indu-
stry and other industrial purposes. They embody the whole 
series of authenticated positive efects on human organism 
and they are used as a part of food supplements1. 

Food lipids undergo a chain of changes due to ripening, 
harvesting, processing and storage. these changes are caused 
by several factors including browning reactions, microbial 
spoilage and lipid autoxidation. Lipid oxidation is a free-radi-
cal chain reaction that causes a total change in the sensory 
properties and nutritive value of food products2. 

oxidation processes influence quality of oils and fats. 
Characteristic changes associated with oxidative deteriora-
tion include development of unpleasant tastes and odours 
as well as changes in color, viskosity, density or solubility3. 
The others of the effects of lipid oxidation can be loss of vita-
mins, and damage to proteins2.

Differential scanning calorimetry (DSC) is the technique 
used for establishing the oxidative stability of oils and fats 
and characterizion of their physical properties4,5. oxidative 
stability and deterioration of oils depend on initial compo-
sition, concentration of minor compounds with antioxidant 
or prooxidant characteristics, degree of processing, and sto-
rage conditions6. Quality and stability of vegetable oils are 
important factors that influence its acceptability and market 
value.

the induction period (ip) is measured as the time 
required to reach an endpoint of oxidation corresponding to 
either a level of detectable rancidity or a sudden change in the 
rate of oxidation7.

Experimental
S a m p l e s

Different vegetable oils from various plant origins were 
used in this study. These were Grape Seed oil refined, Crude 
Linseed oil, Castor oil, almond oil refined, Soya Bean oil 
refined, avocado oil refined, apricot Kernel oil refined, Corn 
oil refined and olive oil refined. 

Samples were obtained from m + H, míča and Harašta, 
s.r.o. after opening the bottles with oils there were stored 
at 4 °C.

m e t h o d
Differential Scanning Calorimetry (DSC) of each sam-

ple in oxygen atmosphere were performed several times un-
til reproducible results were obtained. For this purpose Shi-
madzu DSC-60 (Kyoto, Japan) was used connected through 
Ta-60WS with computer, where the data were collected. 

The furnace was calibrated by using transition tempera-
tures of fusion of indium and zinc (melting point: 156.6 °C 
for indium, 419.6 °C for zinc). 

Samples were measured out 2.5 µl (0.2,  
0.5 °C min–1), 5.0 µl (1.0, 3.0, 5.0, 7.0 °C min–1) and 10 µl 
(10.0, 15.0 °C min–1) and measured in open aluminum pan. 
Flow rate of oxygen was set at 15 ml min–1 and rate of hea-
ting 0.2, 0.5, 1.0, 3.0, 5.0, 7.0, 10.0 and 15.0 °C min–1 from 
room temperature (25 °C) to 300 °C was applied. obtained 
results were treated by means of  enclosed software Ta-60.

Results
For the using vegetable oils, the kinetic parameters 

important to the determination of induction period were 
obtained for non-isothermal DSC measurements. The onset 
temperatures of oxidation for various using oils were mea-
sured with scan rates 0.2, 0.5, 1.0, 3.0, 5.0, 7.0, 10.0 and 
15.0 °C min–1.

The parameters a and B were obtained by a comparison 
of experimental and theoretical values of onset temperatures 
of the oxidation peaks using the program TIND. The values 
of kinetic parameters a and B are listed in the Table I.

The temperature dependence of the induction period can 
be expressed according to the Equation (1):

ti  =  a exp (B/T) (1)

Providing that parameters a [min] and B [K] were obtai-
ned by minimizing the sum of squares between experimental 
and theoretical values of heating rate and T [K] is specific 
temperature, induction period ti [min] can be determined.

induction period values (ti) of various using vegetable 
oils calculated for temperature 25 °C and 100 °C are shown 
in Table II.

Table I
values of the kinetic parameters a and B

 oils a [min] B [K]
 Castor 2.72 × 10–13 1.38 × 104

 olive 6.62 × 10–13 1.32 × 104

 Soya Bean 1.54 × 10–11 1.16 × 104

 avocado 4.69 × 10–11 1.12 × 104

 Grape Seed 4.43 × 10–12 1.19 × 104

 almond 5.26 × 10–11 1.10 × 104

 Corn 1.00 × 10–10 1.08 × 104

 apricot Kernel 1.29 × 10–10 1.06 × 104

 Crude Linseed  8.99 × 10–12 1.12 × 104
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In the case low temperature (25 °C), sequence of stability 
vegetable oils was falled: castor > olive > soya bean > avoca-
do > grape seed > almond > corn > apricot kernel > crude lin-
seed.

enormously high induction period values, especially cas-
tor and olive oil, appeared unreal. By this reason, the extra-
polation on high temperature (100 °C) was applied.

From the determined values it is obvious that castor 
and olive oil had the longest induction period and apricot ker-
nel and crude linseed oil had the shortest induction period. in 
the case soya bean and avocado oil, it was obtained the simi-
lar results and the values of the both oils differed about 8 
minutes.

Induction periods for individual oils were determined 
from the known values onset temperatures and parameters 
a and B. Equation 1 was used for calculation. Dependences 
of the experimental calculated induction periods on the tem-
peratures are demonstrated in Fig. 1.

Conclusions
The order of stability of vegetable oils was identified 

by statistical comparison of record gained from various tem-
perature extrapolation and reciprocal comparison of stabi-
lity of given oils. The order of the most stable oils (castor 
and olive oil) and the least stable oil (linseed oil) depending 
on extrapolation and reciprocal comparison did not differ. 
The non-isothermal method DSC was employed with the aim 
to determine the induction period of vegetable oils.
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Table II
values of the induction periods – extrapolation to 25 °C (ti

25) 
and extrapolation to 100 °C (ti

100)

 oils ti
25 [min] ti

100 [min]
 Castor 3.00 × 107 2.81 × 103

 olive 1.28 × 107 1.70 × 103

 Soya Bean 1.34 × 106 5.29 × 102

 avocado 1.03 × 106 5.37 × 102

 Grape Seed 9.87 × 105 3.22 × 102

 almond 5.93 × 105 3.52 × 102

 Corn 5.44 × 105 3.80 × 102

 apricot Kernel 3.31 × 105 2.65 × 102

 Crude Linseed  1.79 × 105 9.49 × 101
Fig. 1.	 Temperature	dependences	of	the	induction	periods	for	
the	most	stable	(castor	and	olive	oil)	and	the	least	stable	(apricot	
kernel	and	crude	linseed	oil)	vegetable	oils



Chem. Listy, 102, s265–s1311 (2008) Food Chemistry & Biotechnology

s797

P98	 ANTIOxIDANT	PROPERTIES	OF	GRAPE	
SKINS	ExTRACTS	INvESTIGATED	BY	EPR	
AND	Uv-vIS	SPECTROSCOPY

LenKa šťavíKováa and martin poLovKab

aDepartment of Food Chemistry and Biotechnology, Faculty 
of Chemistry, Brno University of Technology, Purkyňova 118, 
612 00 Brno, Czech Republic,
bDepartment of Chemistry and Food Analysis, VÚP Food 
Research Institute, Priemyselná 4, 824 75 Bratislava,  
Slovak Republic,
stavikova@fch.vutbr.cz

Introduction
The growing attention is recently focused on the impro-

vement of human health by the consumption of food or food 
supplements rich in antioxidants. Grape skins contain a 
plenty of different flavonoids, e.g., quercetin, catechins, fla-
vonols, anthocyanidins, phenolic acid derivatives and other 
compounds. anthocyanins, as the most abundant of them, 
are associated with the colour of several aerial and subterra-
nean organs in many plants. in grapevines, anthocyanins are 
accumulated in leaves during senescence and are responsible 
for the colouration of grape skins in red and rosé cultivars, 
and in the grape pulp, respectively. These pigments are water 
soluble and reveal the beneficial effects on human health, 
including the enhancement of visual acuity, but evinced also 
anticarcinogenic, antimutagenic or anti-inflammatory action. 
The reduction of coronary heart disease and thus the pheno-
menon known as the “French Paradox” is attributed to them, 
as well.1-5

main interest is paid to the isolation of phenolic com-
pounds from grapes and wine. a great effort is given to cho-
ose a suitable extraction system for anthocyanins isolation, 
as they are highly reactive compounds and exceptionally 
sensitive to ph changes6,7. Supercritical fluid extraction with 
carbon dioxide and pressurized liquid extraction with acidi-
fied water, sulphured water or acidified organic solvents were 
successfully applied for the extraction of different phenolic 
compounds from grapes and wines in the past.8-11

In this contribution, the complex study of grape skin 
methanolic extracts, prepared by Pressurized Fluid Extrac-
tion (pFe)12,13 from two wine grape varieties, St. Laurent and 
alibernet from velké Pavlovice and mikulov sub-regions 
(South moravia region, Czech republic) is presented.

Experimental
respective methanolic extracts were prepared from three 

different amounts (0.5 g, 1.0 g and 1.5 g) of either crude dried 
grape skins (St. Laurent) or lyophilized grape skin powders 
(alibernet) using the PFE extraction at different temperature 
(40 °C–120 °C) and pressure of 15 mPa12, 13.

antioxidant activity of extracts was tested by EPr 
spectroscopy using the Bruker portable EPr spectrome-
ter e-scan with accessories in Fenton system (H2o2/Fe2+), 
generating reactive hydroxyl radicals (•oH) followed by 

spin trapping technique, using the 5,5-dimethylpyrroline-N-
oxide (DmPo) as spin trap14. in addition, radical scavenging 
activity of extracts was assessed applying 2,2-diphenyl-1-
picrylhydrazyl (•DPPH) free radical and 2,2’-azino-bis-(3-
ethylbenzthiazoline-6-sulfonic acid) cation radical (aBTS•+) 
assays. all the experiments were performed at 298 K, using 
the same quartz flat cell. EPr spectra were processed simi-
larly as previously described elsewhere15.

Total phenolic compounds’ content (TPC) of individual 
extracts was determined using the Folin-Ciocalteu assay and 
their tristimulus colour values (CIE Lab) were estimated, 
using the Uv-vIS spectrophotometer Specord (Carl Zeiss, 
jena, germany)16,17.

In addition, pH values of all extracts were also measured 
using the combined glass electrode.

all the data obtained were subsequently correlated and 
discriminated, using the multivariate statistics, involving the 
canonical discriminant analysis, principal component analy-
sis, and canonical correlation analysis, respectively.

Results
E P r  E x p e r i m e n t s

antioxidant properties of grape skin extracts were tested 
in experimental systems, in which free radicals were gene-
rated via Fenton reaction. Fig. 1. shows typical time evolu-
tion of EPr spectra recorded in system containing respective 
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Figure 1: The time evolution of EPR spectra recorded in system containing deionised water,
methanol (reference) and methanolic extracts of St. Laurent variety prepared from 1.5 g of
crude grape skins at 40 - 120°C, respectively; Fenton’s reagents and DMPO spin trap. Spectra
were recorded at 298 K using magnetic field sweep, SW=8 mT.

Fig. 1.	 The	time	evolution	of	EPR	spectra	recorded	in	system	
containing	deionised	water,	methanol	(reference)	and	methano-
lic	extracts	of	St.	Laurent	variety	prepared	from	1.5	g	of	crude	
grape	 skins	 at	 40–120	°C,	 respectively;	 Fenton’s	 reagents	 and	
DMPO	spin	trap.	Spectra	were	recorded	at	298	K	using	magne-
tic	field	sweep,	SW	=	8	mT
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grape skin extract of St. Laurent wine variety and Fenton’s 
reagents, in the presence of DmPo spin trap. as follows from 
simulation analysis, in the presence of pure water, domi-
nantly the formation of •oH radicals is observed, whereas in 
pure methanol (reference sample), the formation of different 
types of carbon-centred radicals is to be found, in accord with 
our previous experiments and already published data.14,15,18 
The addition of grape skin extracts into system resulted in the 
decrease of spin adduct concentration as a result of competi-
tive reactions between the antioxidants, generated free radi-
cals and spin trap.15,18,19

Staško et al., suggested previously the expression of 
antioxidant activity of Tokay wines as the relative amounts of 
radicals scavenged19. Using this approach, we can conclude 
that antioxidant properties of St. Laurent variety extract is 
significantly lower than that of alibernet (66 % and 89 %, 
respectively, for extracts prepared from 1.0 g at 40 °C). as 
we moreover proved, antioxidant activity of extracts is in 
both cases strongly dependent on extraction temperature, fal-
ling down to 9 % for St. Laurent extract prepared from 1.0 g 
at 120 °C, whereas that of alibernet descended practically to 
zero.

•DPPH and aBTS•+ radicals assays are traditionally 
used for food samples radical-scavenging ability (rSa) eva-
luation. They were previously successfully used, e. g., for tea 
or wine samples characterisation.15,18-20 as we confirmed, 
extracts of both varieties prepared at 40 °C demonstrated sig-
nificant ability to terminate •DPPH and aBTS•+.

Pellegrini et al. suggested the effective comparison of 
rSa for different food products, based on Trolox-equiva-
lent antioxidant capacity (TEaC) calculation21. Following 
this approach, TEaC value of each extract was calculated 
for reactions with both •DPPH and aBTS•+. as follows from 
the results obtained, the increasing extraction temperature  
teaCaBTS•+ values of St. Laurent variety (Fig. 2.) are slightly 

lower in comparison to that of alibernet, only slightly influ-
enced by extraction temperature. on the other hand, TEa-
CDpph• values differ significantly, in the case of St. Laurent 
extracts prepared from 1.0 g, they range from 1.50 to 1.75, 
whereas in the case of alibernet from 3.7 to 4.0.

U v - v I S  E x p e r i m e n t s
The TPC content of all extracts under study was moni-

tored and expressed as Gallic acid equivalent (GaE)16. the 
results obtained indicate that the content of polyphenols in 
alibernet variety extracts is more than two times higher than 
that of St. Laurent. This would explain generally higher anti-
oxidant and radical-scavenging activities of alibernet ex-
tracts. Significant correlation (> 85%, P > 0.01) between the 
TPC and TEaC for both types of extracts was achieved, in 
dependence on the mass of grape skins used for the extract 
preparation. as follows from data presented in Table I, cor-
relation is better for St. Laurent varieties, probably due to 
different composition of polyphenols.

as a result of growing extraction temperature from 
40 °C up to 120 °C, approx. 20% and 40% decrease of the 
TPC content in extracts of St. Laurent and alibernet varieties 
was noticed, respectively.
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Figure 2: Trolox equivalent antioxidant capacity (TEAC) of St. Laurent extracts, prepared at
different temperature from different mass of crude grape skins in the reaction with ABTS•+.

Fig. 2.	 Trolox	 equivalent	 antioxidant	 capacity	 (TEAC)	 of	
St.	Laurent	 extracts,	 prepared	 at	 different	 temperature	 from	
different	mass	of	crude	grape	skins	in	the	reaction	with	ABTS•+

Table I
Correlation matrices between the TPC content and radical-
scavenging abilities of grape skin extracts

 St. Laurent
  tpC teaCaBTS•+ teaC•Dpph
 tpC 1 0.9778 0.9518
 teaCaBTS•+ 0.9778 1 0.9060
 teaC•Dpph 0.9518 0.9060 1
 alibernet
  tpC teaCaBTS•+ teaC•Dpph
 tpC 1 0.8650 0.9220
 teaCaBTS•+ 0.8650 1 0.6909
 teaC•Dpph 0.9220 0.6909 1

Figure 3: Classification – recognition of both wine grape varieties (1-30 – St. Laurent, 31-60 -
Alibernet) based on principal component analysis.

Fig. 3.	 Classification	–	recognition	of	both	wine	grape	varieties	
(1–30	–	St.	Laurent,	31–60	–	Alibernet)	based	on	principal	com-
ponent	analysis
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The influence of extraction temperature on CIE L*, a*, b* 
colour characteristics or on pH values was only negligible.

S t a t i s t i c a l  E v a l u a t i o n
all the above mentioned characteristics were used for 

the classification and mutual recognition of both wine grape 
varieties using the principal component analysis (Fig. 3.) and 
canonical discrimination analysis22.

Both statistical approaches provided practically 100% 
correct classification of both varieties. as also follows from 
discriminant analysis, all the monitored characteristics are 
dependent on the mass of grape skins used for respective ex-
tract preparation.

additional experiments are in progress to evaluate the 
influence of solvent on the above-mentioned characteristics 
as well as to analyze the profile of polyphenols in both grape 
skin varieties.

Conclusions
multi-experimental analysis performed with methanolic 

extracts prepared from grape skins of two varieties (St. Lau-
rent and alibernet) by PFE, revealed their significant antioxi-
dant and radical-scavenging abilities, in significantly positive 
correlation with the TPC content. The influence of extraction 
temperature on radical – scavenging abilities, tristimulus val-
ues or TPC content is non-significant.
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Research Plan No. AV0Z40310501) and Science and Research 
Assistant Agency (Project APVV SK – CZ 0072 – 07) are 
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Introduction
amino acids represent 30–40 % of total wine nitrogen. 

It is generally accepted, that they may act as nutrients for both 
yeast and malolactic bacteria during the wine fermentation. 
In the yeasts’ growing phase, they can be either partially or 
totaly metabolised, excreted by living yeasts at the end of the 
fermentation or released by proteolysis during the autolysis 
of the dead yeasts. In addition, amino acids can serve as sub-
strate for the production of aroma compounds 3–5 or biogenic 
amines6,7 in wine. on the contrary, their production by enzy-
matic degradation of the grape proteins was described1,2.

There is no doubt, that their content in wines is depen-
dent on the fertilization and climatic conditions, duration of 
skin maceration in the must, field treatments and on other 
factors2,6–8. recently, amino acids’ content in wines is studied 
extensively for several reasons, e. g, due to the differentia-
tion of Champagnes and sparkling wines2, the determination 
of geographic origin, variety and vintage2,7,8, the assess-
ment of substances with enological interest (e.g., of aroma 
compounds)3–5, or toxicological interest (biogenic amines 
etc.)6,7,9,10, the monitoring of nitrogen metabolism during 
the fermentation5,11 or their changes during the ageing of 
wines12,13.

The determination of amino acid in wines is usually 
employed by HPLC with precolumn derivatization using 
o-phthaldialdehyde (oPa), fluorenylmethyl-chloroformate 
(FmoC) or 6-aminoquinolyl-N-hydroxysuc-cinimidyl car-
bamate (aQC).2,4,6–8,10–14 Ion-exchange chromatography with 
post-column derivatization with ninhydrin reagent1,9,15 or com-
prehensive two-dimensional gas chromatography16 was success-
fully applied, as well.

In this contribution, the impact of spontaneous and 
inoculated fermentations on amino acids profile of Grüner 
veltliner (Vitis vinifera) white wine is presented, applying 
an ion exchange chromatography with post-column deri-
vatization with ninhydrin and spectrophotometric detection 
system.

Experimental
W i n e  S a m p l e

Grüner veltliner (Veltlínské zelené) white wine variety 
from velké Pavlovice sub-region (South moravia region, 
Czech republic) was investigated. Wine samples were pre-
pared by two different technological processes. In the first 
one, the spontaneous fermentation was used, whereas in the 
second, wine was prepared by inoculated fermentation. The 

sampling procedure was performed every other day conti-
nuously, starting from cider up to the final young wine.

C h r o m a t o g r a p h i c  C o n d i t i o n s
respective wine sample was analysed to free amino 

acids (Faa) content after its filtration and dilution in Li-citric 
buffer (pH 2.2), employing the aaa T339 amino acid ana-
lyser (mikrotechna, Prague, Czech republic) equipped with 
ostion LG aNB ion-exchange resin column. amino acids 
separation was achiewed by stepwise gradient elution using 
the Li-citric buffer system. Post-column derivatization with 
ninhydrin reagent and spectrophotometric measurement was 
used for their determination.

Results
Concentration profile of the following 36 compounds 

potentially present in wine samples under study was 
investigated: cysteic acid (CystaC), tautine (Tau), phosphoe-
thanolamine (PE), urea, aspartic acid (asp), hydroxyproline 
(Hpro), threonine (Thr), serine (Ser), asparagine (asn), glu-
tamic acid (Glu), glutamine (Gln), α-aminoadipic acid (α-
aaD), proline (pro), glycine (gly), alanine (ala), citrulline 
(Cit), α-aminobutyric acid (α-aBa), valine (val), cysteine 
(Cys), methionine (met), cystathionine (Cysne), isoleucine 
(Ile), leucine (Leu), tyrosine (Tyr), phenylalanine (Phe), α-
alanine (α-aLa), β-aminobutyric acid (β-aBa), γ-aminobu-
tyric acid (gaBa), ethanolamine (ea), ammonium (nh3), 
ornithine (orn), lysine (Lys), histidine (His), 1-methyl his-
tidine (1-met His), 3-methyl histidine (3-met His), arginine 
(arg).

results obtained showed, that total Faa concentra-
tion in wine samples prepared by spontaneous fermenta-
tion ranged from 302.30 mg dm–3 up to 1,578.25 mg dm–3, 
whereas in those prepared by inoculated fermentation, from 
289.64 mg dm–3 up to 1,371.41 mg dm–3.

In the sample prepared by a spontaneous fermentation, 
the total concentration of free amino acids slowly increased 
during the first three days from 1,299.75 g dm–3 to the maxi-
mum of 1,371.47 mg dm–3, then in next six days of fermen-

Fig. 1.	 Total	free	amino	acids	content	monitored	during	24	days	
in	 the	wine	 samples	 prepared	by	 spontaneous	 ()	 and	 inocu-
lated	()	fermentation	processes
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Fig. 2.	 The	content	of	individual	amino	acids	in	a)	cider,	b)	semi	–	fermented	product,	c)	young	wine	prepared	by	spontaneous	(black	
fill)	and	inoculated	(gray	fill)	fermentation
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tation, the gradual decrease was noticed, falling down to 
412.92 mg dm–3. The continous fermentation proces caused 
their decrease to 289.64 mg dm–3 (Fig. 1.). The content of 
some amino acids, e.g. of asp, Thr, Ser, Glu, Gln, val, Ile, 
Leu, ala, GaBa, orn, His and arg revealed exactly the same 
decreasing trend as described above, whereas the content of 
asp, Thr, Ser, Glu, Gln, ala, Leu and Ile decreased after se-
ven days of fermentation practically to zero.

In the so-obtained young wine, the total amino acids 
content was found to be 313.38 mg dm–3. Proline was identi-
fied as the most abundant of them (113.86 mg dm–3), followed 
by cysteine (47.18 mg dm–3) and citrulline (18.32 mg dm–3). 
majority of amino acids identified in young wine reached 
the concentration level of 3–15 mg dm–3, with the exception 
only for Tyr, Ser and Phe with the concentration lower than 
3 mg dm–3.

In the sample prepared by inoculated fermentation, 
a rapid decrease of total amino acids concentration from 
1,578.25 mg dm–3 to 567.37 mg dm–3 was observed right at 
the begining of the fermentation process. During the next 
four days, only slow decrease of the amino acids content was 
detected, as also depicted on Fig. 1.

The same amino acids as in the case of spontaneous fer-
mentation were found to influence the decrease of the total 
Faa content. on the other hand, the concentration of asp, 
tyr, gly, Lys, orn and ea amino acids remained practically 
unaffected by the fermentation.

Total amino acids content in young wine after twenty 
four days of fermentation was 358.13 mg dm–3 (Fig. 1., 
Fig. 2.).

The results obtained are in good agreement with the 
amino acid values determinated in other wine varieties and 
viticultural regions15,22.

Conclusions
Twenty-three different amino acids were positively 

identified in Grüner veltliner white wine. For the first time, 
the dependence of the amino acids’ profile on wine-making 

technologies is presented. The type of fermentation influences 
also the concentration of amino acids. This approach could 
be effectively used for the classification and identification of 
wines.
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Introduction
Nigella sativa L. is an annual herbaceous plant which 

belongs to the family of Ranunculaceae, widely cultivated 
in middle East, asia and Northern africa. The seeds, known 
as black cumin, are used for culinary purposes, as a spice for 
pastry and bakery. Nigella seeds and oil are used in arabian 
folk medicine for the treatment of asthma, as carminative, 
diuretic or lactogogue1,2. more recently Nigella sativa fixed 
oil showed gastroprotective, hepatoprotective and antitumour 
effects in vivo3,4. The biological effects of the oil are mainly 
atributable to thymoquinones, known as powerfull antioxi-
dants. other components such are polyunsaturated fatty acids, 
phytosterols and tocopherols can contribute to the beneficial 
effects of the black cumin seeds.

The lipid composition, including lipid classes, fatty 
acids and sterols of Nigella seeds of various geographical ori-
gins were reported5,6,7. The fixed oil contains high levels of 
unsaturated fatty acids and an unusual fatty acid – 20 : 2 (11c, 
14c) – considered as a chemotoaxanomic marker for Nigella 
species. The main sterols reported in black cumin seeds were 
β-sitosterol, stigmasterol and campesterol6,7. The aim of this 
work was the study of lipid fraction in the oil of Nigella seeds 
cultivated in romania, as a potential nutraceutical or ingredi-
ent of functional food.

Experimental
E x t r a c t i o n  a n d  L i p i d  F r a c t i o n a t i o n 

Total lipids were extracted with chloroform : methanol 
(2 : 1; v/v), evaporated to dry and kept –20 °C in use. Neut-
ral lipids were separated by TLC with a solvent mixture of 
hexane: ethyl ether: acetic acid (95 : 15 : 1).

F a t t y  a c i d s  a n a l y s i s
 The fatty acids methyl esters of total lipids and lipid 

fractions (FamE) were obtained by transesterification with 
BF3/methanol. a Shimadzu GC 17a with FID detector and a 
Crompack Silica 25 mXo capillary column (25 m × 0.25 mm 
i.d., film thickness 0.25 µm) was used. The temperature 
program was: 5 min at 150 oC, 4 oC min–1 to 235 o C (hold 
5 min). The injector temperature was 260 °C and the detector 
temperature –260 °C. The carrier gas was helium.

S t e r o l s  a n a l y s i s
a part of total lipid extract was saponified by refluxing 

with 1m KoH ethanol/water (8 : 2, v/v) solution for 1 h. The 

unsaponifiables were then extracted first with petroleum ether 
and diethyl ether.

The sterols were derivatized BSTFa containing 
1% TmCS in pyridine and separated on fused silica capillary 
column coated with 5% phenyl/95% dimethylpolysiloxane 
(30 m × 0.25 mm i.d., film thickness 0.25 µm; rtx-5; restek 
Corporation, Bellefonte, Pa, USa). The same GC system 
mentioned above was used, with the following tempera-
ture program: 5 min at 200 °C, 10 °C min–1 to 300 °C (hold 
20 min).

FamE and sterols peaks were identified by comparison 
of their retention times with those of commercially availa-
ble standards (Sigma). all extractions and GC-FID runs were 
performed in triplicate and mean values were calculated.

Results
Nigella seeds are characterized by high oil content, ran-

ging between 30–40 % of fresh weight. The romanian cultivar 
investigated has a total lipid (TL) content of 30.1 g 100 seeds–1.  
For German cultivar a value of 39.2 % oil in fresh seeds was 
reported8. The major fraction is the neutral lipids, represen-
ting 96.6 % of the oil while the polar lipids (PL) count for 
3.4 %. The total sterols were found at 87 mg 100g–1 seeds, 
value which is lower than those reported for German cultivar 
but higher than for the Tunisian one (Table I)6,7. 

In the total lipids extract the major fatty acid was lino-
leic acid – 56.6 %, followed by oleic acid – 23.5 %. The most 
important saturated fatty acid was palmitic acid – 12.66 %. 
Saturated fatty acids represent 16 %, monounsaturated fatty 
acids – 23.8 % and polyunsaturated fatty acids account for 
more than 59 % of total lipids. The unusual eicosadienoic 
acid 20 : 2 (11c, 14c) was found at 2.5 %, value which is close 
to that reported for other cultivars.

The fatty acids composition of triacylglycerols (TaG) 
was closed to that of the TL. Diacylglycerols (DaG) and 
monoacylglycerols (maG) contains lower palmitic and lino-
leic acid and higher oleic and eicosadienoic acid. the esteri-
fied sterols (SE) and the polar lipds (PL) contain the highest 
concentration of saturated fatty acids: palmitic (more than 
17 %) and stearic (more than 4 %). The PL class also has the 
highest level of eicosadienoic acid. miristic, linolenic and 
gadoleic acids were present in negligible amount in all lipid 
classes (Table II). only traces of arachidic acid 20 : 0 were 
found. The sterol fraction contains: 37 % β-sitosterol, 11 % 
stigmasterol and 10 % campesterol as major compunds.

Table I
nigella seeds oil composition

 Fraction amount
 Neutral lipids 29.1 ± 0.05 g 100 g–1 seeds
 Polar lipids 0.9 ± 0.01 g 100 g–1 seeds
 Total sterols 87.2 ± 0.02 mg 100 g–1 seeds
 Total oil 30.1 ± 0.05 g 100 g–1 seeds
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Conclusions
Black cumin seeds oil is exceptionally rich in biologi-

cally active polyunsaturated fatty acids, mainly linoleic acid. 
The presence of lipid-lowering phytosterols increases the 
nutritional value of the oil. There are small but non signifi-
cant variations in the oil content and fatty acids composition 

in seeds of various origins which can be explained by genetic 
and environmental factors.
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Tabulka II
Fatty acids composition of lipid classes [% of total fatty 
acids]

 Fatty acid TL TaG DaG maG SE PL
 14 : 0 0.20 0.21 0.20 0.20 0.22 0.24
 16 : 0 12.66 12.21 11.43 11.36 17.59 17.88
 18 : 0 3.15 1.12 3.35 3.67 4.57 4.33
 18 : 1 n-9 23.52 21.93 24.49 24.98 22.84 20.26
 18 : 2 n-6 56.61 57.05 51.34 50.21 46.52 47.28
 18 : 3 n-6 0.22 0.21 0.26 0.3 0.73 0.44
 20 : 1 n-9 0.26 0.26 0.19 0.27 0.29 0.26
 20 : 2 n-6 2.52 2.39 3.36 4.227 2.14 4.75
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Introduction	
Lactobacillus and Bifidobacterium species are com-

monly found in foods and are members of the gastrointestinal 
tract of humans and animals. They are the most commonly 
used group of lactic acid bacteria (LaB) in the production of 
human probiotics. methods for qualitative and quantitative 
control of probiotic products are required due to the growing 
interest in their commercial exploitation. Differentiation of 
viable and non-viable cells of LaB from a product is still 
problematic. Culture-dependent enumeration is relatively 
time-consuming and the results may be influenced by poor 
viability or low densities of the target organisms1. rapid and 
reliable methods are needed for routine determination of ini-
tial cell counts in the inoculum or for viable cell estimation 
during the time period of storage. Therefore, culture-indepen-
dent analysis as an alternative and/or complementary method 
for quality control measurements of probiotic products was 
developed. The combination of PCr and the ethidium mono-
azide (Ema-PCr) dye is a new method for selective distin-
ction between viable and dead bacterial cells2-4. the general 
application of Ema is based on Ema penetration into dead 
cells with compromised cell-membrane (cell-wall) integrity. 
Ema is covalently linked to DNa by photoactivation and this 
DNa cannot be amplified in PCr. viable cells remain intact 
and only DNa from these cells can be amplified and gives a 
pCr product.

The aim of this work was to optimise and use Ema-
PCr for distinction between viable and dead Lactobacillus 
cells in real samples of dairy products (yoghurts).

Materials	and	Methods
C h e m i c a l s  a n d  E q u i p m e n t

The primers for PCr were synthesised by Generi-
Biotech (Hradec Králové, Czech republic); Taqi Dna 
polymerase was from Bio-Tech (Prague, Czech republic); 
DNa ladder 100 bp (malamité, moravské Prusy), and Ema 
from Sigma (St. Louis, USa). The Lactobacillus paracasei 
CCDm strain (obtained from the Czech Collection of Dairy 
microorganisms, CCDm, Tábor, Czech republic) was used 
for DNa isolation. The dairy products (white yoghurts before 
and after expiration date) were obtained from the market. The 
PCr reaction mixture was amplified on an mJ research Pro-
gramme Cycler PTC-100 (Watertown, USa).

m e t h o d s
Bacterial cells of Lactobacillus paracasei were culti-

vated at 37 °C aerobically in liquid mrS medium for 24 h 
or on mrS agar up to 48 hours, respectively. altogether 1 ml 
of the cells was washed by water and resuspended in 500 μl 
lysis buffer (10 mm Tris-HCl, pH 7.8, 5 mm EDTa, pH 8.0, 
lysozyme 3 mg ml–1), and incubated at laboratory tempera-
ture for 1 h; 10 μl proteinase K (1 µg ml–1) and 2.5 μl SDS 
(20 %) (end concentration 0.5 %) was added and the mixture 
was incubated at 55 ºC for 18 h. DNa was extracted from 
crude cell lysates with phenol5 and dissolved in TE buffer 
(10 mm Tris-HCl, pH 7.8; 1 mm EDTa, pH 8.0). The con-
centration of DNa was estimated spectrophotometrically and 
DNa was dissolved to a concentration of 10 µg ml–1.

Yoghurt samples (Klasik white yoghurt oLma olomouc 
from the trade network before and after expiration date, 1 g) 
was resuspended in 1 ml sterile water. The cells were washed 
twice with sterile water and treated with Ema (0.1 mg ml–1) 
for 10 min at laboratory temperature. Photoactivation was 
performed using light exposure (halogen lamp, 500 W) for 
5 minutes on ice. Then the cells were washed with 1 ml of 
water to remove Ema from the sample. The cells without 
Ema treatment were used as control. afterwards the cells 
were lysed by boiling (10 min) and crude cell lysates (5 μl) 
were used as DNa matrix in Ema-PCr. 

PCr was performed with LBLma 1 and r16 primers 
specific to the Lactobacillus genus6, which enabled the ampli-
fication of a 250 bp long amplicon. Briefly: the PCr mixture 
contained 0.5 μl of each 10 mm dNTP, 0.5 μl (10 pmol μl–1) 
of each primer, 0.5 μl of Taq 1.1 polymerase (1 U μl–1), 2.5 μl 
of buffer (1.5 mm), 1–5 μl of DNa matrix, and PCr water 
was added up to a volume of 25 μl. The amplification reac-
tions were carried out using the following cycle parameters: 
5 min of the initial denaturation period at 94 °C (hot start), 
60 s of denaturation at 94 °C, 60 s of primer annealing at 
55 °C, and 60 s of extension at 72 °C. The final polymeri-
sation step was prolonged to 10 min, the number of cycles 
was 30. The Ema-PCr products (250 bp) were detected 
using agarose gel electrophoresis (1.8 %) in 0.5 × TBE buffer 
(45 mm boric acid, 45 mm Tris-base, 1 mm EDTa, pH 8.0). 
The DNa was stained with ethidium bromide (0.5 μg ml–1), 
observed on a Uv transilluminator (305 nm), and photogra-
phed on a TT667 film using a Polaroid CD34 camera.

Results	and	Discussion
The ability of Ema to covalently bind to DNa and to 

inhibit PCr was confirmed using purified DNa isolated from 
Lactobacillus paracasei cells. as a result of Ema activity, 
DNa treated with Ema was not amplified in PCr in contrast 
to DNa without Ema treatment. The results are shown in 
Fig. 1. The method developed was applied for the discrimi-
nation of viable and dead Lactobacillus cells from dairy pro-
ducts (yoghurt). The results are shown in Fig. 2. and Table I. 
Non-expired or shortly expired (12 days) yoghurts contained 
both dead and viable Lactobacillus cells because intensities 
of Ema-PCr products amplified from Ema treated and 
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not treated cells deffered. on the contrary, in longer expired 
yoghurts only dead cells were detected. This is in agreement 
with the presumption that non-expired yoghurt samples con-
tain more viable cells.

Conclusions
The results presented here show that the method propo-

sed (ethidium monoazide treated cells in combination with 
polymerase chain reaction) is suitable for the distinction of 
viable and dead Lactobacillus cells. the method developed 
was applied for the analysis of real dairy products (yoghurts). 
more viable cells were detected in non-expired yoghurt sam-
ples.
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Fig. 1.	 Agarose	 gel	 electrophoresis	 of	 EMA-PCR	 products	
obtained	 after	 amplification	 of	 purified	 Lactobacillus	 DNA:	
lane	1:	EMA	treatment,	lane	2:	no	EMA	treatment,	lane	3:	nega-
tive	control	without	DNA,	lane	4:	positive	control	with	purified	
Lactobacillus	 DNA	 (cDNA		=		10	ng	μl–1),	 lane	5:	 DNA	 standard	
(100	bp	ladder)

Fig. 2.	 Agarose	 gel	 electrophoresis	 of	 EMA-PCR	 products	
obtained	after	amplification	of	Lactobacillus	DNA	from	yoghurt:	
lanes	1,	3,	and	5:	cells	with	EMA	treatment,	 lanes	2,	4,	and	6:	
cells	 without	 EMA	 treatment,	 lane	 9:	 DNA	 standard	 (100	bp	
ladder);	lanes	1	and	2:	32	days	after	yoghurt	expiration,	lanes	3	
and	4:	not	expired,	lanes	5	and	6:	12	days	after	yoghurt	expira-
tion,	lane	7:	negative	control	without	DNA,	lane	8:	positive	cont-
rol	with	purified	Lactobacillus	DNA	(cDNA		=		10	ng	μl–1)

Table I
Identification of viable and dead Lactobacillus cells in 
yoghurt samples

 yoghurt Ema Ema-PCr viability expiration treatment product of cells [days]
 Non-expired + ++ viable and dead
  – +++
 12 + + viable and dead
  – ++
 32 + – dead
  – +++
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Introduction
Pesticides represent an important group of agrochemi-

cals used for food crop protection. However, their residues 
can often be detected in treated crops at the harvest time. 
Because of the health hazard, this issue is of high concern, 
mainly when crops containing residues are intended for baby 
food production. Infants and young children are the most vul-
nerable group of human population; therefore, uniform maxi-
mum residue limit (mrL) 0.01 mg kg–1 has been established 
in EU for any pesticide residue occurring in processed baby 
food. Currently, most of producers require raw materials 
complying with this (low) residue limit, although it applies to 
processed product. Under real-life conditions, this may pose 
a problem, since many pesticide preparations even when used 
in accordance with Good agriculture Practice (GaP) may 
leave residues exceeding the “baby food” mrL1.

apples are the key raw material for production of fruit-
based baby food. Unfortunately apples can be attacked by 
various disorders not only during pre-harvest period but also 
during storage. Sometimes incipient infection is too small to 
be seen prior to fruit storage but may develop under favou-
rable conditions (high humidity) as a result of sporulation 
from older lesions. Particular treatment strategy should be 
applied to apples intended for storage because the decline of 
pesticide residues within a post-harvest time might be slower 
(depending on the storage conditions) than during the pre-
harvest period when the drop is relatively rapid due to vari-
ous environmental factors2.

Experimental
F i e l d  E x p e r i m e n t s

Four different apple varieties, Golden Delicious, Glos-
ter, Idared and melrose, were examined in this study. The 
same treatment schedule was applied to all studied varieties. 
The overview of pesticide preparations and some relevant 
characteristics of active ingredients are listed in Table I.

In the first phase, the experimental apple trees obtained 
specific pesticide treatment from april to June, see Table I. In 
the second phase, the orchard was divided into four sections 
(S1–S4). In the S1 no pesticides were used, while in S2–S4, 
fungicides against storage pests were applied according to the 
scheme shown in Table II.

The first set of samples was taken for analysis at the time 
of harvest (october 10, 2007) and the next two after three 
(January 8, 2008) and five (march 19, 2008) months of cold 
storage (1–3 ºC).

Table I
Schedule of the pre-harvest treatment

 application date Pesticide preparation/ active ingredient mode of action Safety period [days]  dosage [per hectare]
 april 12, 2007 Chorus 75 WG/0.2 kg cyprodinil fungicide 28
  Cascade 5 EC/1.5 kg flufenoxuron insecticide -
 april 19, 2007 Clarinet 20 SC/1.5 dm3 fluquinconazole fungicide 28
   pyrimethanil fungicide 
 april 26, 2007 Thiram Granulo/3.0 kg thiram fungicide 14
 may 3, 2007 Dithane Neotec/3.0 kg mancozeb fungicide 21
  Calypso 480 SC/0.2 dm3 thiacloprid insecticide 14
 may 11, 2007 Delan 700 WDG/0.6 dm3 dithianon fungicide 21
  Score 250 EC/0.2 dm3 difenoconazole fungicide 49
 may 18, 2007 Polyram WG/3.0 kg metiram fungicide 21
  Insegar 25 WP/0.3 kg fenoxycarb insecticide 60
 may 25, 2007 Integro/0.5 dm3 methoxyfenozide insecticide 14
 june 1, 2007 Baycor 25 WP/1.0 kg bitertanol fungicide 35
  Score 250 EC/0.2 dm3 difenoconatole fungicide 49
 June 7, 2007 Domark 10 EC/0.4 dm3 tetraconazole fungicide 14
 June 14, 2007 Syllit 400 SC/1.7 dm3 dodine fungicide 21
  Trebon 10 EW/0.5 dm3 etofenprox insecticide 28
 june 26, 2007 mythos 30 SC/1.0 dm3 pyrimethanil fungicide 28
  mospilan 20 SP/0.25 kg acetamiprid insecticide 28
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a n a l y t i c a l  m e t h o d s
most of pesticides were liquid chromatography (LC) 

amenable, so for isolation of 14 from 17 examined analytes 
the QuEChErS method3 was applied. Crude extract (without 
cleanup step realized with primary-secondary amine (PSa)) 
was examined by LC coupled with tandem mass spectro-
metry (mS/mS). Limits of quantitation (LoQ) for these 
pesticides were 0.002 mg kg–1, only for dodine LoQ was  
0.005 mg kg–1. Ethylenbisdithiocarbamates (EBDC), in this 
study represented by mancozeb, metiram and thiram, were 
determined as a sum by solid phase micro-extraction (SPmE) 
of their degradation product (carbon disulfide), identification/
quantitation was performed by gas chromatography coupled 
with mass spectrometry (GC-mS), LoQ was 0.001 mg kg–1.

Results
at the time of harvest, residues of some pesticides (ace-

tamiprid, cyprodinil, flufenoxuron, fluquinconazole, feno-
xycarb, tetraconazole and thiacloprid) used for treatment 
(Table I) were not detected. other pesticides exceeding the 
method LoQ could be grouped into three categories based 
on their concentration levels: (i) compounds with residues 
below 0.01 mg kg–1 at the time of harvest (i.e. difenoconazole, 
dithianon, methoxyfenozide, EBDC), (ii) compounds with 
residues exceeding the “baby food” limit at the harvest time, 
but declining below the limit at the end of the storage period 
(i.e. bitertanol, etofenprox) and (iii) compounds with residues 
not significantly declining and exceeding the 0.01 mg kg–1 all 
the time (i.e. dodine, pyrimethanil). No generalization on the 
relationship between residues dynamics and apple variety 
could be drawn. The highest amount of bitertanol residues 
occurred in variety Golden Delicious (Fig. 1. a) and etofen-
prox residues was the highest in variety Idared (Fig. 1. B) in 
all experiments. Worth to notice that the changes of pesticides 
classified as concentration category (iii) were not dependent 
on apple variety.

Treatment for post-harvest disease protection was car-
ried out before the harvest in compliance with required safety 
period. For this purpose three fungicide preparations with 
different active ingredients (dithianon, thiram and trifloxys-
trobin) were tested (Table II). Thiram, although applied only 
14 days before the harvest, did not exceed “baby food” limit, 

Table II
Schedule of the treatment against storage diseases

 Code Pesticide preparation [kg ha–1]
  active ingredient – safety period application date

 S1 – –
 S2 Delan 700 Wg (0.7) September 19, 2007
  dithianon – 21 days 
 S3 Thiram Granuflo (3.0) September 26, 2007
  thiram – 14 days 
 S4 Zato 50 Wg (0.15) September 26, 2007
  trifloxystrobin – 14 days 

Fig. 1.	 The	 dynamics	 of	 selected	 pesticides	 during	 cold	 storage	 (1–3	ºC);	 A:	 bitertanol,	 B:	 etofenprox,	 C:	 trifloxystrobin,		
D:	dithianon
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whereas residues of dithianon and trifloxystrobin exceeded 
0.01 mg kg–1 during the entire storage period. as shown 
in Fig. 1. C, residues of trifloxystrobin were the highest in 
variety Golden Delicious. Different concentration trend was 
observed with dithianon residues, the lowest levels were de-
tected in variety melrose (Fig. 1. D) and similar dynamics of 
its residues could be observed although in apples treated five 
months before storage.

Conclusions
the presented study has documented relatively large 

variation of pesticide residues in various apple varieties 
obtained the same treatment. Interestingly the residues ten-
ded to be the highest in Golden Delicious while in melrose 
were in most experiments the lowest. This may be associated 
with different wax content in these varieties. In any case, 
weather conditions before harvest play a key role in levels 

of residues occurring in apples at the start of storage period. 
only repeated experiments may give more general conclu-
sions.

This study was carried out within the project NAZV 
1G46073, supported by the Ministry of Agriculture, Czech 
Republic.
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Introduction
Some secondary metabolites are present in plant cells 

in the form of precursors and are activated after pathogen at-
tack1. Secondary metabolites having biocide effect include 
isoprenoids, phenol substances, organic sulphur compounds, 
saponins, alkaloids, proteins, and peptides2.

In this perspective, increasing attention is being paid to 
the plant called common hop (Humulus lupulus L.). the plant 
is diecious. Wild-growing hop grows on wet soils, mainly in 
riparian zones, in shrubberies, on the edges of canals and in 
similar places3,4. all the main components are contained in 
lupuline glands3,5, although some components, e.g. essential 
oils, were also identified in the leaves of the plant6. Concerning 
the chemical composition, hop resins are prenylated derivates 
of floroglucinol, comprising alpha-bitter acids and beta-bitter 
acids5. In recent years, antibiotic7, antifungal8, and antioxi-
dant activities of humulone9 have been identified. one of the 
big groups of substances contained in the hop plant is the 
group of polyphenol compounds10, phenol acids, chalkones, 
flavanols, flavonols, antocyanides, catechines and proantocy-
anides. Flavonoids as a group of organic compounds display 
a wide range of biological and pharmacological properties11, 
including antiviral, antimicrobial, antioxidant, and antican-
cer properties12,13. Stevens14 identified three main groups of 
flavonoids in the hop plant including prenylflavonoids. The 
content of prenylated flavonoids in the hop plant fluctuates 
between 0.2–0.6 %15. The chemical composition of hop is not 
constant; it changes with time and depends on the conditions 
of post-harvest storage4,15. regarding the chemical composi-
tion, an important role was played by such factors as the plant 
development stage, location, growing practices, weather, and 
pressure of pathogens. Langezaal6 reports that in hop leaves 
there are essential oils in much lower concentrations than 
in cones. To our knowledge, the content of low-molecular 
polyphenyls in hop leaves has not been studied yet.

Experimental
m a t e r i a l s  a n d  m e t h o d s

We tested the samples of hop, cones and leaves taken 
from the Gene Bank of the Slovak republic in the Institute 
of Plant Production, Piešťany (SCPv–vÚrv). The samples 
of different cultivars of hop were dried and homogenized. 
We used the following cultivars of hop: osvald’s clones 31, 
(K-31), and 72 (K-72), Bor, Sládek, aromat, Zlatan, and Pre-

miant. We collected the samples before flowering and at the 
end of vegetal period. 

The content of phenol substances was determined by 
Singelton’s method16. The amount of 0.2 ml of methanol 
extract was mixed with l ml of Folin-Ciocalteu’s reagent 
and 0.8 ml of 7.5 % (w/v) Na2Co3. absorbance was mea-
sured at 750 nm wave-length after 30 minutes of incubation 
in dark. The content of polyphenols was compared with the 
absorbance of galic acid.

Flavonoids were determined by rakotoarison’s 
method17. 1 ml of methanol extract was added to 1 ml of met-
hanol solution of alCl3. 6h2o, 2% (w/v), and absorbance was 
measured after 10 minutes at 394 nm.	Quercetin was taken as 
the standard.

Xanthohumol was determined by HPLC. Dry material 
was homogenized with methanol in a sonificator (Bandelin 
Electronic, Germany) for about 10 minutes, and then purified 
by centrifugation and filtration on a column (Waters, USa). 
Eluate (5 µl) was injected into the HPLC instrument and de-
tected at 370 nm. The mobile phase consisted of 900 ml of 
methanol with 100 ml of water. The analytical column was 
Nucleodur Sphinx rP EC 150/4.6 (5 µm). Xanthohumol was 
purchased form Sigma, Germany.

Results
The concentration ranges of phenol substances, flavono-

ids and xanthohumol in hop cultivated in the Slovak republic 
are summarized. The content of polyphenols and flavonoids 
was monitored during the vegetal period of plant growth. all 
cultivars showed different contents of secondary metabolites 
during the vegetal period, their content in leaves decreased 
from the end of June to September (Table I).

Phenol substances were in the interval between 
0.90–2.25 mg g–1	 of dry matter in leaves, and from 4.0 to 
21.1 mg g–1	of dry matter in cones (Table II) at the end of the 
vegetal period. 

The content of polyphenols was dependent on the type 
of cultivar and on climatic conditions as well. Comparison 
of the contents of polyphenols in extracts from hop cones in 
2006 and 2007 is shown in Fig. 1. The content of phenol sub-
stances in leaves did not basically relate to the content of phe-

Table I
polyphenols content in hop leaves during the vegetal period

 Cultivar polyphenols [mg g–1 Dm]
  06/07* 09/07*

 K-31 8.83 1.22
 Bor 5.00 2.25
 Sládek 5.76 2.04
 K-72 7.46 0.99
 aromat 6.56 0.98
 premiant 5.52 0.90
 Zlatan 6.23 1.82
*06/07 and 09/07 – date of sampling
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nol substances in cones. The highest content of polyphenols 
was detected in the aromatic cultivar osvald’s clone K-72.

Table III and Table Iv show the data on flavonoid con-
tent in leaves, compared with xanthohumol content. We 
noted a decline during the vegetal period in both cases, so as 
in phenol substances.

Xanthohumol, prenylated flavonoid, was defined in 
extracts from hop cones. Its content, like the content of phe-
nol substances and flavonoids, was the highest at the end of 

vegetal period in cones (Figure 2). The level of xanthohumol 
was influenced by the climatic conditions (Table v).

Conclusions
The concentrations of secondary metabolites, phenol 

substances, and flavonoids depended on the vegetal period 
at first.

The quantity of phenol substances was within the range 
of 5.00–8.83 mg g–1	 of dry matter, for flavonoids 2.13–
6.37 mg g–1	of dry matter in the leaves before flowering. The 
ranges decreased to 0.90–2.25 mg g–1	of dry matter of phenol 

Table II
Phenol substances content in hop cones at the end of the 
vegetal period

 Cultivar polyphenols [mg g–1 Dm]
 K-31 16.2
 Bor 17.4
 Sládek 18.8
 K-72 21.1
 aromat 11.2
 premiant 20.0
 Zlatan 17.0

Fig. 1.	 Comparison	of	the	content	of	polyphenols	in	hop	cones	
in	2006	and	2007

Table III
Flavonoids content in hop leaves during the vegetal period

 Cultivar Flavonoids [mg g–1 Dm]
  06/07* 09/07*

 K-31 6.37 0.65
 Bor 3.45 0.71
 Sládek 3.24 0.76
 K-72 6.31 0.48
 aromat 5.89 0.50
 premiant 2.13 0.72
 Zlatan 5.03 0.61
*06/07 and 09/07 – date of sampling

Table Iv
averaged content of xanthohumol in hop leaves during the 
vegetal period

 Cultivar  Xanthohumol [% wt.]
  9/2006 6/2007 9/2007
 K-31 0.009 0.055 0.014
 Bor 0.012 0.067 nd
 Sládek 0.013 0.068 0.014
 K-72 0.010 0.060 0.015
 aromat 0.011 0.041 0.013
 Premiant nd 0.047 0.009
 Zlatan 0.011 0.039 0.016
nd – no data

Fig. 2.	 Flavonoids	content	in	hop	cones	for	2006	and	2007

Table v
averaged content of xanthohumol in hop cones for 2006 and 
2007 (cones sampled on September 22, 2006 and Septem-
ber 24, 2007)

 Cultivar Xanthohumol [mg g–1 Dm]
  2006 2007
 K-31 0.39 1.14
 Bor 1.98 3.11
 Sládek 1.11 8.87
 aromat 0.49 0.62
 Zlatan 0.29 2.32
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substances, and to 0.48–0.76 mg g–1	of dry matter at the end 
of vegetation.

The climatic conditions influenced the content of secon-
dary metabolites; the contents of xanthohumol were very dif-
ferent in identical cultivars, compared to the years 2006 and 
2007.

This work has been supported by the grants VEGA 
1/0436/08 and AV 4/2024/08.
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Introduction
Sea buckthorn (Hippophae rhamnoides) is a bush giving 

small orange fruits. The bush comes from asia but it has 
spread almost all over the world during last century because 
it can be grown even in harsher climate conditions without 
special agrotechnical technology. The largest producers of 
sea buckthorn are China, russia, Finland and Germany at 
present.

Sea buckthorn has been used as a natural drug in asia 
to treat heart diseases, digestive tract diseases, cough, etc. 
Today, sea buckthorn extract is added not only in homeo-
pathic remedies and food supplements, but also into syrups, 
jams, sweets, oils, face creams, shampoos, soaps, teas and 
many other products all over the world. Sea buckthorn con-
tains many substances beneficial to human health, particu-
larly vitamin C in amount larger than in other kinds of fruit or 
vegetable. among other substances, also carotenoids, flavo-
noids, essential unsatured fatty acids and phytosterols should 
be mentioned. Their content depends not only on individual 
genotypes and cultivars of this plant but also on the site at 
which the plant is growing. This, naturally, holds also for the 
vitamin C, which frequently serves as one of basic indicators 
of alimentary and economical attractivity of planted sea buc-
kthorn cultivars.

The aim of the presented work is therefore the compa-
rison on the vitamin C content in the sea buckthorn cultivars 
and genotypes growed by Faculty of Horticulture, mendel 
University of agriculture and Forestry Brno. Two methods 
have been applied for the determination of the vitamin C 
content in the sea buckthorn juice: HPLC with photometric 
detection and the direct coulometric determination of the 
vitamin C.

Experimental
t h e  h p L C  D e t e r m i n a t i o n

The Liquid chromatograph Spectra System equipped 
with the Uv 6000 LP detector and the Chromquest software 
(Thermo Separation Products, USa) were used. for analy-
ses of sea buckthorn juices prepared from the sea buckthorn 
cultivars as described below. The juices were injected on 
the TESSEK Separon SGX rPS Column (TESSEK, Praha, 
Czech republic). The separation bed of 5 μm particles was 
of 5 mm in diameter and of 250 mm in length. 0.01m oxalic 
acid was the mobile phase. The column effluent was monito-
red at 254 nm.

D i r e c t  c o u l o m e t r y
The coulometric analyser PCa/C-vit (ISTraN, Bra-

tislava, Slovak republik) equipped with porous working 
electrode served for direct coulometric determination of vita-
min C without preliminary separation of the compound from 
sea buckthorn juices. The determination utilizes oxidation of 
ascorbic acid to dehydroascorbic acid

C6h8o6 – 2e → C6h6o6 + 2h+ (1)

T h e  P r e p a r a t i o n  o f  J u i c e s
We analysed 12 cultivars of sea buckthorn listed 

in Table I. The cultivars were planted in the breeding station 
of the Horticulture Faculty, mendel University of agricul-
ture and Forestry Brno in žabčice. Fruits harvested octo-
ber 4, 2006 were immediately freezed to –18 °C and stored 
at this temperature in the freezing box till the analyses started 
april 2007. approximately 5 grams of dry fruits freely 
warmed to room temperature was weighed to five digits and 
homogenized in the mortar with small amount oxalic acid, 
quantitatively transfered to the 100 ml volumetric flask by 
2 % (w/v) solution of oxalic acid in water and than filled with 
the acid solution to the division line. For chromatographic 
analyses, aliquot part of solution was filtered using the Büch-
ner slit-sieve funnel and by cellulose 3-μm microfilter. The 
filtered sample was enriched by the special reaction solution 
r-020T (ISTraN, Bratislava, Slovak republic) for coulo-
metric analyses. The analysed sample were prepared daily 
just before use and stored in dark during analyses.

Results	and	Discussion
a typical chromatogram of C vitamin analysis at con-

ditions specified in Experimental is given on at Fig. 1. vita-
min C is in second peak, first peak is a mixture of unindenti-
fied impurities.

main validation parameters of successively repeated 
chromatographic analyses are as follows: LoD and LoQ 
of ascorbic acid is 0.2 and 0.7 mg dm–3, respectively. Corre-
lation coefficient of ascorbic acid is r2 = 0.9942 for the con-
centration range of vitamin C from 0.0007 to 500 mg dm–3.  
repeatability of analyses in concentration ranges  
151–200 mg dm–3, 51–150 mg dm–3 and 10–50 mg dm–3 gi-
ven by rSD vaules is 4 %, 6 % and 10 %, respectively. mean 
recovery of used analysis is 89.5 %. However, repeatability  Fig. 1.	 Analysis	of	the	vitaminová	cultivar
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of the whole method including the juice preparation was 
lower as expected. This show columns 2, 3 and 4 in Table I.  
The yield variation in the preparation of the filtered juice is the 
reason for differences in paralel determinations that exceed 
repeatability of chromatographic analyses. Data summarized 
in Table I evidence that the vitamin C content differes by one 
order of magnitude in individual cultivar. Coulometic measu-
rements summarized in Table II prove this principal finding 
of liquid chromatgraphy analyses Total error of analyses with 
the coulometric determination of the vitamin C content is 

rougly one order of magnitude higher than total error of ana-
lyses with the vitamin C content determined chromatographi-
cally. moreover, the error of the coulometric determination 
increases with the decreasing vitamin C content in the filtered 
juice as indicate data in Table II. This evidences that colume-
try without vitamin C separation may be utilized as the final 
analytical step in need however only if semiquantitative pre-
cision of the whole method is acceptable, e.g., in preliminary 
analyses. For precise analyses, liquid chromatography has to 
be used as the final step.
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Table I
Content of C vitamin in sea buckthorn cultivars and geno-
types determined by HPLC

 Content of C vitamin [mg 100 g–1]
 Cultivar or 1st run** 2nd run** 3rd run** mean
 genotype    content
 aromat* 18.2 25.7 22.4 22.1
 Buchlovice i* 69.7 62.7 79.3 70.6
 Buchlovice iii* 41.5 46.1 44.6 44.1
 Hergo 32.0 24.1 27.7 27.9
 Kyjevský 105.2 92.9 94.0 97.2
 Leicora 158.0 137.0 136.1 143.7
 olejová 56.0 57.4 56.3 56.6
 Trofimovskaja 22.4 15.2 17.3 18.3
 velkoosecký I 183.4 187.3 168.9 179.9
 velkoosecký II 167.9 166.3 168.5 167.6
 velkoosecký III 161.3 165.0 152.1 159.5
 vitaminová 98.0 91.0 103.5 97.5
*genotype
**mean value from three subsequent analyses

Table II
Content of C vitamin in selected sea buckthorn cultivars and 
genotypes determined by direct coulometry

 Cultivar or mean content total measurement
 genotype [mg 100 g–1] error [%]
 Buchlovice i* 60.2 21
 hergo 20.9 29
 Leicora 120.4 18
 olejová 40.5 26
 Trofimovskaja* 10.3 35
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Introduction
Investigations of the chemical constituensts of aquatic 

organisms can provide useful informations about the environ-
ment as well as toxicologically relevant data about the com-
position of biological species consumed by humans1. arsenic 
causes a variety of adverse health effects to humans after acute 
and chronic exposures2. Toxicity, environmental mobility and 
accumulation in living organisms usually depend on the form 
in which the element is present. Information on the chemical 
forms is important for understanding the role of the element 
present as well as revealing its environmental cycle3. in the 
environment arsenic can be found as several compounds ran-
ging from inorganic arsenite and arsenate to methylated com-
pounds like monomethylarsonic acid, dimethylarsinic acid, 
trimethylarsine oxide, arsenobetaine, tetramethylarsonium 
ion and arsenocholine. In biologic samples several arsenosu-
gars and arsenolipids can be present as well4.

The determination of arsenic compounds is mostly 
carried out by hyphenated techniques, the main parts being 
liquid chromatographic separation and element specific de-
tection. By far the most used systems are liquid chromato-
graphy inductively coupled plasma mass spectrometry (LC-
ICP-mS) and liquid chromatography hydride generation 
atomic fluorescence spectrometry (LC-HG-aFS)5. atomic 
fluorescence spectrometry (aFS) can be a good alternative 
to inductively coupled plasma mass spectrometry (ICP-mS) 
detector, with the advantage of a lower cost of investment 
and handling5,6.

Experimental
S t a n d a r d s  a n d  r e a g e n t s

all solutions were prepared with deionized water 
(18.2 mΩcm). Stock solutions of 1,000 mg(as)dm–3 were 
prepared by dissolving Naaso2 (Fluka, Switzerland), 
na2haso4. 7h2o (Fluka, Switzerland), CH4asnao3

. 1.5h2o 
(Chem. Service, USa), (CH3)2asho2 (Fluka, Switzerland) 
and arsenobetaine (Fluka, Switzerland). all arsenic solutions 
were stored in the dark at + 4 °C. These stock solutions were 

diluted with deionized water to the desired concentrations 
before use.

For the analytical procedures the following chemicals 
were used: potassium dihydrogen phosphate (Fluka, Switzer-
land), potassium monohydrogen phosphate (Fluka, Switzer-
land), hydrochloric acid (analytika, Czech republic), potas-
sium persulfate (Fluka, Switzerland), sodium borohydride 
(riedel-de Haën, Germany), sodium hydroxide (riedel-de 
Haën, Germany), nitric acid (analytika, Czech republic), 
hydrogen peroxide (Lach-Ner, Czech republic), ascorbic 
acid (riedel-de Haën, Germany), potassium iodide (analy-
tika, Czech republic), magnesium nitrate (merck, Germany). 
all chemicals were at least of analytical grade.

i n s t r u m e n t a t i o n
a Gynkotek P508 (Gynkotek, Germany) HPLC pump 

and six-port injection valve (Ecom, Czech republic) were 
used in conjunction with a strong anion-exchange column 
Hamilton PrP X-100 (Hamilton, USa). an Excalibur atomic 
fluorescence detector (PS analytical, UK) equipped with a 
boosted discharge hollow cathode lamp (Photron, australia) 
was used for detection. The measurements are carried out on 
the resonance line of as 193.76 nm. For data collection and 
evaluation was used CSW software – version 1.7 (Data apex, 
Czech republic).

S a m p l e  P r e p a r a t i o n
The muscle of commercially available fish samples were 

homogenized and freeze-dried.
For the determination of total arsenic by aFS the micro-

wave digestion (using HNo3 and h2o2) was employed; 
followed by the addition of mg(No3)2 to complete the 
destruction.

Triplicate of samples were extracted with 10 ml of 
deionized water using ultrasonic bath at 50 °C for 2 hours. 
The extraction vessels were shaken every 15 min to ensure 
dispersion of the sample. after extraction the samples were 
centrifuged and extract was filtered through a 0.45 µm 
membrane filter and kept at 4 °C till speciation analysis.

C o n d i t i o n s  o f  T o t a l  a r s e n i c 
D e t e r m i n a t i o n

a KI/ascorbic acid reducing solution was employed to 
reduce arsenic species to as (III). The reducing solution was 
added at least 30 minuts before analysis. Conditions for hyd-
ride generation: 1 % NaBH4 in 1 % NaoH at flow rate the 
4.5 ml min–1 and 4.9 mol dm–3 HCl at flow rate 9 ml min–1.

S p e c i a t i o n  a n a l y s i s  c o n d i t i o n s
The mobile phase was 10 mm K2hpo4/KH2po4 adjusted 

to pH 6.1 at flow rate 1 ml min–1. The hydride generation of 
the arsines was carried out by adding 6 mol dm–3 hCl and 
1.4 % NaBH4 in 1 % NaoH, both at the 3 ml min–1 flow rate. 
1 % K2S2o8 in 1 % NaoH at the flow rate 0.3 ml min–1 was 
used as oxidation solution, oxidation was supported by Uv.
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When analysing a samples containing arsenobetaine 
(asB) it is necessary to analyse the sample twice, once with 
the Uv lamp switched off and once with it switched on. This 
is due to the fact that asB coelutes with arsenite. If the Uv 
lamp is off asB don’t react with NaBH4 and don’t give a 
signal.

Results	and	Discussion
t o t a l  a r s e n i c  C o n c e n t r a t i o n s

The total arsenic concentrations in fish muscle are sum-
marized in Table I. These results are lower than limits given 
by legislative of Czech republic. all samples were also mea-
sured by atomic absorption spectrometry with hydride gene-
ration to ensure quality results. results obtained by HG-aaS 
were comparable to HG-aFS results.

S p e c i a t i o n  a n a l y s i s  o f  a r s e n i c
The influence of pH of mobile phase on the separa-

tion efficiency has been investigated. The pH values were 
in the range of pH 4–8. The best results were obtained with 
pH 6.1. Separation of the five arsenic standards is shown in 
the Fig. 1.

Typical chromatogram of fish extract (Thunnus atlanti-
cus) is presented in Fig. 2. all analysed samples of fish con-
tained only non-toxic arsenobetaine.

The results of the speciation analysis are shown in the 
Table II. Comparision with total arsenic content reveals that 
extraction efficiencies ranged from 66 to 106 %.

Conclusions
amount of total arsenic in the samples was lower than 

limits for arsenic given by legislative of Czech republic. 
arsenic was present in the form of nontoxic arsenobetaine in 
all analysed samples of fish.
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Table I
total arsenic concentrations in the investigated samples 
determined by aFS

 Sample Total arsenic [μg kg–1] rSD [%]
 Salmon 1 186 2
 Salmon 2 741 4
 trout 1 968 0
 trout 2 966 1
 Trout 3 618 4
 tunny 2059 1

Fig. 1.	 Standard	chromatogram	of	five	arsenic	species

Fig. 2.	 Peak	of	arsenobetain	in	the	chromatogram	of	tunny

Table III
arsenobetaine concentrations in the investigated samples 
determined by HPLC-Uv-HG-aFS

 Sample Extractable arsenic [μg kg–1] rSD [%]
 Salmon 1 170 9
 Salmon 2 783 4
 Trout 1 714 0
 Trout 2 644 1
 Trout 3 407 4
 tunny 1760 2
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Introduction
Chocolate (CHC) aroma has been the subject of exten-

sive research. most of the research work deals with cocoa 
beans, powder, liquor and CHC. CHC aroma is very complex 
and is determined by the cocoa plant variety and the fermen-
tation and roasting process. Unfermented cocoa beans are 
nearly without odour and have a bitter and astringent flavour. 
Cocoa specific aroma precursors are formed during fermenta-
tion by acid induced proteolytic processes1. Correct fermen-
tation is essential to produce a good flavour in the final CHC. 
The different ways of fermenting will give rise to different 
flavour, unfermented beans do not develop any CHC flavour 
and are excessively astringent and bitter2. 

The following roasting decreases water content and a 
full CHC flavour is developed. The high temperatures remove 
many of the volatile acids and other aroma compounds are 
formed, in particular as a result of caramelization of sugars, 
maillard reaction, protein degradation and sulphur com-
pounds synthesis. The sources of hundreds of volatiles found 
in roasted beans are the reducing sugars, free amino acids 
and oligopeptides3,4. Several hundreds compounds have been 
found in roasted cocoa, the most significant are N- and o-
containing heterocyclic compounds – alkylpyrazines, furans 
and pyrroles. roasting is the most important step for flavour 
development, it is possible that cocoa subjected to an impro-
per roasting generates undesirable aroma5. 

Finally, conching ends flavour development. The con-
ching is the mixing and shear of the CHC and results in the 
removal of some undesirable volatiles2. 

Current European legislation allows the addition of vege-
table fats to CHC up to a level of 5 % of the product weight, 
provided that the addition is indicated on the label6. However, 
this addition can influence flavour of CHC. The aim of this 
work was to compare aroma profiles of three types of dark 
CHC, produced with or without addition of vegetable fat.

Experimental
S a m p l e s

Three types of plain CHC: Figaro plain CHC (min. 48 % 
cocoa), Figaro for cooking (min. 37 % cocoa) and Kaumy 
CHC glaze (min. 35 % cocoa) were tested in this work. 

m e t h o d s
aroma compounds were determined by the SPmE-GC. 

The SPmE fibre Car™/PDmS 85 μm, extraction 20 min 
35 °C. GC conditions: gas chromatograph TraCE™ GC 
(ThermoQuest Italia) equipped with FID and split/splitless 
injection port, DB-WaX capillary column (30 m × 0.32 mm
 × 0.5 μm). The injector 250 °C, splitless mode, the desorp-
tion time 5 min, linear purge closed for 5 min. The detector 
220 °C. The carrier gas (N2) 0.9 ml min–1. the oven tempera-
ture program: 40 °C, 1 min, 5 °C min–1 to 200 °C, 7 min.

Results
SPmE-GC was used for the analysis of volatile aroma 

compounds in three types of dark CHC with different con-
tent of vegetable fat. This method is simple, rapid and very 
mild, so it is suitable for the characterization of the food 
aroma. The reproducibility, linearity and detection limits of 
the method were determined in previous work7. aroma active 
compounds were identified and quantified using standards, in 
total 56 compounds were found in CHC samples: 14 acids, 
9 aldehydes, 8 ketones, 17 alcohols, 7 esters and 1 nitrogen 
compound. according to the literature, the main cocoa fla-
vour components are alcohols, ethers, hydrocarbons, furans, 
thiazoles, pyridines, acids, esters, aldehydes, imines, amines, 
oxazoles, pyrazines and pyrroles5,8.

The total contents of aroma compounds of CHC tested 
were compared. This comparison is presented in Fig. 1. The 
comparison of single groups of compounds is in Fig. 2.

Figaro plain CHC is classic CHC, produced without 
addition of vegetable fat. In total 50 aroma compounds were 
identified in this type of CHC, the most abundant were etha-
nol, propan-1-ol, butan-2,3-diol and phenylacetaldehyde. 
These compounds arise during fermentation of cocoa beans 
by the activity of present microflora3. 

Figaro for cooking is plain CHC, intended for making of 
various CHC sweets, glazes etc. It contains certain amount of 
vegetable fat up to 5 %. In total 47 compounds were identified 
here, the most abundant were methanol, ethanol, propan-1-ol, 
butan-2,3-diol, acetic acid, acetone and phenylacetaldehyde. 

Kaumy is CHC imitation, in which cocoa butter is com-
pletely replaced by vegetable fat. although its appearance is 
very similar to CHC, different fat influences taste, it is not so 
delicious thus is not suitable for direct consumption. Kaumy 
is best for making of CHC sweets, where its unpleasant off 
flavour is not so obvious. In total 46 aroma compounds were 
found here, the most abundant were methanol, ethanol, pro-
pan-1-ol, butan-2,3-diol and acetic acid.

all types of CHC contained the significantly high con-
centrations of alcohols and fatty acids (Fig. 2.). The highest 
content of alcohols and also quite high content of fatty acids 
was in Kaumy glaze, so several these compounds probably 
contribute to its unpleasant off flavour. Kaumy surprisin-
gly had also the highest total content of aroma compounds 
(Fig. 1.), plain CHC, which is supposed to have the best 
cocoa flavour, the lowest. 
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Conclusions
Some important aroma compounds were found in three 

types of dark CHC. CHCs have similar aroma profiles, but 
owing to their different composition (cocoa butter, vegetable 
fat, cocoa dry matter) concentration of several aroma com-
pounds is different. Fatty acids and alcohols were quantitati-
vely the most important compounds in all types of CHC. The 
highest total content of all aroma compounds was in Kaumy 
glaze, so several these compounds probably contribute to its 
unpleasant off flavour.
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Fig. 1.	 The	comparison	of	total	contents	of	aroma	compounds	
of	three	types	of	dark	chocolate

Fig. 2.	 The	comparison	of	single	groups	of	aroma	compounds	
of	 three	 types	 of	 dark	 chocolate.	 Figaro	 for	 cooking	 ,	 Figaro	
plain	chocolate	,	Kaumy	glaze	
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Introduction
Traditionally, wine fermentation has been carried out in 

spontaneous way by indigenous yeasts present on the grapes 
when harvested, or introduced from the equipment and cellar 
during the fermentation process. at present most wine pro-
ducers carry out the fermentation process by adding a pure 
Saccharomyces strains to the must to improve final wine qua-
lity1,23.

The strains at the species level can be identified using 
conventional methods based on biochemical and physiolo-
gical characteristic or molecular techniques. over the last 
decade molecular techniques for the identification of yeast 
strains have been widely studied4,5,8. The applicability of 
techniques as the raPD method and restriction enzyme ana-
lysis of PCr amplified DNa fragments (PCr-rFLP) has 
been demonstrated as a tool for taxonomic purposes11,16,19.

The fermentation of grape must into wine is a complex 
microbiological process characterized by the presence of a 
large number of different microorganisms. The composi-
tion of yeasts population on grape berries and leaves plays 
an important role in wine fermentations, as different genera, 
species and strains with their metabolic activity influence 
the sensory quality and organoleptic characteristics of wine. 
3,7,8,13,15,16,18 Yeasts associated with grape or wine ecosystem 
are usually classified in 15 different genera21: Brettanomyces/
Dekkera, Candida, Cryptococcus, Debaryomyces, Hanseni-
aspora/Kloeckera. Kluyveromyces, Pichia, Metschnikowia, 
Rhodotorula, Saccharomyces, Saccharomycodes, Schizosac-
charomyces, Zygosaccharomyses. 

The aim of this study was monitoring of the changes in 
yeast population during spontaneous alcoholic fermentation 
of cider of Veltlin green cultivar. We isolated yeasts in diffe-
rent period of grape cider fermentation. Identification of the 
individual strains was carried out using PCr-rFLP analysis 
of 5.8S-ITC region.6,7,11,12

Experimental
S a m p l e  P r e p a r a t i o n

The samples analyzed in this study were isolated from 
white wine cider (“Veltlin green”) obtained from local produ-
cer from wine region velke Pavlovice. Control yeast strains 
used in this study were from the Culture Collection of Yeasts, 
Bratislava, Slovakia (CCY). 

Sampling at different stages of fermentations was per-
formed at days: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23 ali-
quots of each sample (several dilutions) were spred on to 

plates of wort agar. Cells were directly collected from a fresh 
yeast colony using a microbiological loop.

DNa was extracted and purified by	ultra Clean micro-
bial DNa Isolation Kit – obtained from Elizabeth Pharmacon 
spol. s.r.o., Cr. 3–10 ng of DNa in 1–2 μl of TBE buffrer 
were used in a 50 μl amplification reaction.

P C r  a m p l i f i c a t i o n  o f  t h e  Y e a s t 
D n a

The amplification reaction of the rDNa region spann-
ding the 5.8 rDNa gene and the ITS regions were carried 
our under the following conditions: 50 µl of reaction mix-
ture contained 5–20 ng template DNa, polymerase buffer, 
0.2 mm of dNTP (N  =  a, T, G, C) 0.5 µm of each primer 
and 1 U Taq DNa polymerase. The amplification protocol 
included the following steps: Initial denaturation at 94 °C 
for 4 min, 25 cycles of amplification: denaturation at 94 °C 
for 1 min, annealing at 48 °C for 30 sec, and extension at 
72 °C for 1 min. The final extension was at 72 °C for 10 min. 
amplification products were analysed on 0.7% (w/v) agarose 
gel in TBE buffer. PCr amplification was carried out in a 
PTC-100™ thermocycler (mJ.research,Inc.). Upper primer: 
(ITS1) 5’-TCC GTa GGT Gaa CCT GCG G-3’,Lower pri-
mer: (ITS4) 5’-TCC TCC GCT TaT TGa TaT GC-3’ (vBC 
BIoTECH, GmbH)6. With these two primers a different pro-
ducts (900, 800, 700, 500 and 450 bp) were obtained after 
amplification with DNa template from species of genus Sac-
charomyces (Fig. 1.).

r e s t r i c t i o n  a n a l y s i s  a n d  g e l 
e l e c t r o p h o r e s i s

PCr products (20 µl) were digested in 20 µl of reaction 
volume with 1U of restriction endonuclease using the manu-
facturers conditions. 

The restriction enzymes used: alu I, Hae III, Hinf I and 
mse i. (Fermentas, Lithuania)

 The producst of digestion were analysed by horizontal 
gel electroforesis system (oWL, USa) in 2% (w/v) agarose 
gels and comparison with yeasts from CCY. after electrofo-
resis the gels were stained with EtBr and visualized under Uv 
light (Fig. 2.).

Results
The restriction fragments of amplified part of DNa from 

27 yeasts isolated from wine must were compared with those 
of 40 yeasts from the Collection of yeasts of Chemical insti-
tute of Slovak academy of Sciences in Bratislava.

Based on the identity of length and number of restric-
tion fragments the taxonomic assignment of yeasts was per-
formed. In some cases no species, but only genus assignment 
was carried out. Samples No. 83, 107, 70, 9, 30, 62 and 102 
were identified as Pichia fermentans, the sample No. 6 and 
106 were identified as Hanseniaspora uvarum.
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after restriction analysis with enzyme HinfI the sample 
No. 106 was identified as Pichia fermentans.

Nevertheless, the detailed analysis of restriction frag-
ments with enzyme aluI and microscopic analysis led to the 
attribution to Hanseniaspora uvarum. (TableI)

after the restriction analysis of the sample No. 40 was 
assigned to the genus Saccharomyces without the determina-
tion of species. The sample No. 7 was identified as Saccha-
romyces mangini.Using the restriction analysis with enzymes 
HinfI, HaeIII and aluI the adherence to the genus Saccha-
romyces was proved by the samples 18, 22, 58, 63, 67, 72, 
73, 87, 88, 90 and 97. The analysis of these samples with 
enzyme mseI enabled the species identification. The simila-

rity with the collection species Saccharomyces mangini was 
evidenced.

The restriction analysis using enzyme HinfI proved the 
similarity with the genus of Pichia in the case of the sample 
No. 96. applying endonuclease HinfI the probe No. 96 was 
consequently assigned as Pichia fermentans. The submission 
to the genus of Pichia was determined also by the sample 
No. 95B using the enzyme HaeIII. By the sample No.95a the 
similarity with the collection species Saccharomyces cerevi-
siae was proved. The result of restriction analysis using the 
enzymes HinfI, mseI, HaeIII and aluI documented the iden-
tity with the collection species Metschnikowia pulcherrima 
by the sample No. 46.

Conclusions
The result of the analysis is the identification of yeasts 

of genus Pichia, Hanseniaspora and Rhodotorula in the ini-
tiation stages of fermentation and that of Saccharomyces in 
the further stages of fermentation. The species assignment is 
Pichia fermentans and Hanseniaspora uvarum. the unam-
biguous taxonomic assignment can be performed with Sac-
charomyces mangini. By other yeasts of genus Saccharo-
myces the determination of species was not possible.

It was proved that in the stage of late time of must fer-
mentation and of the formation of young wine the yeasts of 
genus Saccharomyces prevail. The presence of Saccharo-
myces cerevisiae was proved. The interesting result was iden-
tification of yeasts species Metschnikowia pulcherrima. this 
yeasts appears in the first stages of fermentation.

The method PCr-rFLP is suitable for taxonomic assig-
nment of yeasts of different genus. Nevertheless, for the exact 
assignment the selection of primers and restriction enzymes 
plays the important role. 

Table I
Yeasts identification during fermentation of wine cider

 Different stages Number of Identification of fermentation samples [days] 
 1 83, 107 Pichia fermentans
  106 Hanseniaspora uvarum
 3 9, 70 Pichia fermentans
  6 Hanseniaspora uvarum
  104 Rhodosporium sp.
 5 30 Pichia fermentans
  40 Saccharomyces sp.
 7 7 Saccharomyces mangini
  62, 102 Pichia fermentans
  95a Saccharomyces cerevisiae
 9 95B, 96 Pichia sp.
  22, 87 Saccharomyces mangini
 11 67, 58 Saccharomyces mangini
 13 90, 72 Saccharomyces mangini
 15 73, 88 Saccharomyces mangini
 17 63 Saccharomyces mangini
 19 18, 97 Saccharomyces mangini
  46 Metschnikowia pulcherrima

Fig. 1.	 Example	 of	 agarose	 gel	 with	 PCR	 products	 of	 an	
amplification	 of	 the	 5.8S-ITS	 rDNA	 (S24–S39		=		CCY	 yeasts,		
100+	–	size	marker

Fig. 2.	 Example	of	digestion	products	of	the	amplificates	obtai-
ned	using	the	restriction	enzyme	HinfI	(S20–S34		=		CCY	yeasts,	
67,	72,	88,	96,	102	–	wine	yeasts,K	–	size	marker	100pb)
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introduction
at present, the effort to increase the productivity of 

materials results a.o. in the utilization of different non-tradi-
tional cements and composites based preferably on mineral 
“wastes” – secondary industrial products/fly ashes, metal-
lurgical slags, energogypsum...) These activities save natu-
ral mineral resources and decreas the amount of discharged 
materials on the dumping sites. novel chemical and mineral 
admixtures enable the preparation of “tailored” material of 
demanded special properties. very often, lack of informa-
tion and/or unstable quality of secondary materials is the real 
reason of their unsufficient use. therefore, better publicity, 
adequate education at schools of all types, meetings and and 
conferences can play very important role. at the university 
of Technology in Brno, the students in their diploma and 
postdoctoral theses solve in the laboratories many of these 
problems mostly from chemical point of view with the final 
objective to enlarge the assortment of binders and mineral 
composites. Many projects are solved in the cooperation with 
the industry, where the increasing interest to use “green” 
material is stil more emphasized. very often, these activities 
are connected with the effort to decrease the carbon dioxide 
emission, solving ecological and economical problems at the 
same time.

long	term	Durability	of	Concrete?
portland cement (pC) will be our binder no. 1 for next 

decades, but we know this material only from the year 1824 
and its wider use dates to the end of 19th century. The phase 
composition of concrete based on pC differs from the natu-
ral minerals considerably. in the earth crust, we cannot find 
hydrates of high-calcium minerals, nature does not like such 
a relatively unstable compounds. From the Table I, the diffe-
rences between the content of Cao, Sio2 and al2o3 are espe-
cially remarkable.

The CSH gel, portlandite, ettringite and monosulfate inc-
line to sulfatation and/or carbonatation, the content of pores 

is high (Fig. 1.), the long-term phase changes can bring about 
the structure decomposition. Therefore, r & D of concrete 
based on different chemical and phase composition including 
non-clinker ones is urgently demanded.

high-Performance	Concrete	(hPC)
For many years, high-strength concrete was only per-

ceived as a new concrete for the construction of high-rise 
buildings, bridges, offshore platforms etc. now, high-per-
formance concrete is viewed as an emerging type of new 
concrete whose applications are growing both in volume and 
diversity. It is becoming a high-tech material according to the 

needs of the users, where the decisive role is played by the 
mineral and especially chemical additives controlling the tai-
lored properties. as a mineral additive into HpC, microsilica 
is routinely used, which can be substituted by cheaper micro-
ground siliceous fly ash. in the r&d, modern instrumental 
techniques enables the essential study of the chemical bonds 
of the constituents and the micro-(nano)structure1.

Table I
Chemical composition of some mineral materials

  earth portland BF slag Siliceous
  crust cement  fly ash
 Sio2 64 16–26 28–38  55
 al2o3 17 4–8 8–24 26
 Fe2o3 7 2–5 1–3 7
 Cao 6 59–67 30–50 8
 na2o 2 1–4 1–20 1
 Mgo 2 0.5–1.5 0.2–1 0.5
 k2o 2 0.5–1.5 0.5–3 0.6
 So3 < 1 < 0.5 1–3 0.6

Fig. 1.	 Phase	 composition	 of	 the	 PC	 paste	 after	 1	 year	 at	 w/
c	=	0.5	(taylor,	1981)
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C h e m i c a l  a d m i x t u r e s , 
S u p e r p l a s t i c i z e r s

Very important influence on the production of high-
performance concrete exhibit the chemical admixtures of 
different composition and purpose. Most important, even 
undispensible, are superplasticizers (Sp) enabling to lower 
considerably the water/cement ratio and thus to increase the 
strengths or to reduce the cement consumption2. at present, 
broad interest is put on polycarboxylate types Sp, which 
are usually available in solutions, but some newer types of 
cements (e.g. Danish Secutec) contain the Sp in the solid 
form, which diminish possible mistakes in the preparation of 
concrete or mortar. very important is the use of compatible 
Sp in a proper amount, which can be assessed by calorimetric 
measurement (ref.3, see next chapters) and slump flow tests.

self-Compacting	Concrete	(sCC)
In last decade, self-compacting concrete containing 

adequate amount of Sp are widely used in many different con-
structions - high-rise buildings, self-leveling floors, in hybrid 
steel-concrete constructions etc. The viscosity, workability 
and setting times of superplasticized concrete or mortars are 
reliably controlled by the slump flow minicone test. By these 
SCC, steel tubes are filled to reduce the steel consumption 
at maintaining the total strengths4. the use of fine aggregate 
prevents the segregation.

reactive	Powder	Concrete	(rPC)
Concrete of ultra-high	 strengths can be prepared by 

emitting of coarse aggregate, using only very fine sand under 
0.4 mm5. This reactive powdered concrete is in fact mortar, 
rpM. The use of bauxite is recommended, the content of steel 
microfibers (0.14 × 3 mm) up to 30–50 % to the cement con-
tent and thermal treatment enhances the compressive streng-
ths up to 400 Mpa6. By replacing part of fine sand by steel 
powder, the strengths can exceed 700 Mpa7. the first hours 
of setting under a certain pressure and temperature around 
70 °C is recommended.

gypsum-free	Concrete
Gypsum mixed with the clinker as a retarder of of port-

land cement setting can be replaced by a higher amount of 
compatible superplasticizer. Because the start of setting is 
thus shifted too much, a certain amount of sodium or potas-
sium carbonate must be added8. The presence of Sp lowers 
the w/c, the addition of alkalis controls the setting times and 
the workability of the fresh mixture.

macro-Defect	free	(mDf)	Concrete
This composites are in fact inorganic-organic copoly-

mers. The mineral part is cement (portland or aluminate), the 
organic constituent is polyvinylacohol or certain polyacryla-
tes. mdF materials possess ultra-high flexural strengths up 
to 150 Mpa. Due to very low w/c under 0.15, special high-
shear mixing of components is necessary (mechano-chemical 
activation)9. The special two-cylinder mixer (Fig. 2.) will be 
used also for other composites.

green	Binders	for	the	Production	of	foundry	molds	and	
Cores

The use of water glas as binders in molds for metal 
casting was introduced in Brno in fifties by prof. Petržela. 
Some years ago, water glass containing 2 % of sodium alu-
minate was produced in poland and introduced on the market 
under the name rudal, which can be succesfully used also for 
the alkali-activation of aluminosilicates in the production of 

Fig. 2.	 two-cylinder	high-shear	mixer	(mechanochemical	acti-
vation)

Fig. 3.	 nest	of	termites	(gambia)
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geopolymers. From organic binders, proteins13, enzymes and 
polysaccharides14,15 can be used. The broad use of these eco-
logically friendly organic binders enables radical improve-
ment of the hygienic conditions in the casting houses, where 
due to organic plastics used in the production of cores, toxic 
emissions are in a high concentration.

Binders	for	Clayey	materials	(Proteins,	Polysaccharides,	
enzymes)

Clayey materials are usually stabilized by lime or fly 
ashes (subbases of roads or buildings). Good possibilities 
show also organic binders on the different bases. In last years, 
promissing applications show enzymes, decomposing as ca-
talyzers organic constituents in clays forming proteins and 
saccharides, which act as binders10,11,12. This effect is used 
by the termites - soil eaters building in this way their nests 
(Fig. 3.) stable against tropical rains. Important is the ratio of 
siliceous sand to clay. enzymes used in the construction of 
roads are available on the market.

inorganic-organic	Copolymeric	materials
In nature, inorganic – organic copolymers possessing 

outstanding properties are synthetized succesfully for billions 
of years and we try in to imitate at least some of them in the 
r & D by many teams all over the world16. To this group of 
materials, the products of polycondensation of cement with 
superplasticizers of can be inserted as well as MDF concrete. 
on the surface of mineral constituents, free cations primarily 
react with the hydroxyl and/or carboxyl groups of different 
organic admixtures forming thus copolymers of demanded 
properties. the mineral admixtures like slag, fly ashes, diffe-
rent aggregate etc. enlarge markedly the assortment of com-
posites possessing tailored properties. The inorganic-organic 
non-traditional copolymeric materials can be coined without 
exaggeration as composites for the 21st century.

geopolymers	(alkali-activated	alumino-silicates)
T h e  a c t i v a t i o n  o f  G r a n u l a t e d 
B l a s t - F u r n a c e  S l a g  ( G B F S )

as soon as in seventies, in cooperation with the research 
Institute of Building Materials in kiew, slag-alkaline cements 
and concrete were prepared17. The GBF slag was activated by 
sodium hydroxide or silicate, forming precursors of zeolites 
possessing dense amorphous micro(nano)structure and high 
short-term strengths. Because of efflorescence brought about 
by sodium carbonate, potassium compounds were succesfully 
used. These composites of zeolitic character were coined as 
geopolymers18, because they are in fact imitation of natural 
minerals. In the geopolymeric structure silicate and alumi-
nate tetrahedra are connected via oxygen bridges, which can 
be considered as nanofibers. the calcium compounds present 
in the slag form preferably CSH gel. Instead of BF slag, other 
aluminosilicates (fly ashes, metakaolin...) can be succes-
fully used – see next paragraphs. It is possible to prepare on 
slags high-strength geopolymers possessing the compressive 
strengths over 150 Mpa19. The zeolitic character of geopo-

lymers gives to these amorphous materials ion-exchanging 
properties. according to the nature and concentration of the 
alkaline compound used, the times of setting and strengths 
can be controled (see Fig. 5.). These composites are very 
promissing from ecological as well as economical points of 
view, because as a base component, industrial by-products 
(“wastes”) are used, saving thus mineral natural resources 
– limestone and lowering considerably the carbon dioxide 
emissions. newer research shows that in many ancient buil-
dings (pyramids), geopolymeric material was used and com-
pacted by tamping, similarly to our concrete20. Without any 
doubts, geopolymers can be considered as material for the 
21st century.

G e o p o l y m e r s  F r o m  F l y  a s h e s  ( F a )
the utilization of siliceous fly ashes from high-tempera-

ture coal combustion is prefered, the calcium content is rather 
small. The reaction rate with alkalis is accelerated at higher 
temperatures21. the production of the geopolymers using fly 
ashes can have regional character due to the wide occurence 
of this by-product. The possibility of producing lightweight 
Fa geopolymers introduces very interesting and cheap buil-
ding material21 resisting to higher temperatures.

G e o p o l y m e r s  F r o m  M e t a k a o l i n
By burning kaolin at the temperatures around 750 °C, 

metaolin is formed, which in the very fine form reacts with 
alkali hydroxides, carbonates or silicates. These products do 
not contain calcium oxide and are coined “pure” geopoly-
mers. preferably, some silica can be added to increase the 
Sio2 content. The mutual ratio of the components is apro-
ximately na(k)2o. al2o3

. 4Sio2
. 10H2o. The amorphous 

character of this zeolite precursor has ion-exchanging pro-
perties and can be used for the immobilization of potentially 
toxic components. The mixture of potassium hydroxide acti-
vated metakaolin (10 %) with fine quartz sand (90 %) was 
succesfully used for the production of sculptures resembling 
sandstone22.

the	Use	of	solid	residues	after	fluidized	Bed	Coal	
Combustion	(fBCC)

Due to lower combustion temperature (around 850 °C) 
of coal, the solid residues – coarse bed ash and fine fly ash 
from separators – have different chemical and phase compo-
sition in comparison to the high-temperature fly ashes. these 
residues contain rather high amount of free lime and calcium 
sulfate (up to 15–20 %) and possess hydraulic properties23. 
The addition of superplasticizers makes it possible to lower 
the w/c under 0.30, the 28 days compressive strengths are 
without any further admixtures up to 70 Mpa. The possibi-
lity to replace gypsum in portland cement production by this 
material was very succesful, the long-term strengths of the 
pastes or composites with the addition of FBCC ashes were 
increased. the presence of solfites in these Fa does not inter-
fere. the alkali activation of the FBCC fly ashes can be used 
for the immobilization of toxic wastes.
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lightweight	Composite	Based	on	the	formation	and	
Decomposition	of	ettringite,	aft

non-traditional composites based on FBCC ashes, ener-
gogypsum and lime were developed. according to the chemi-
cal composition of the ashes, lime hydrate is added to form 
CSH gel. at higher temperature, in superplasticized mixture 
ettringite aFt is formed, which is due to the consequently 
enhanced temperature decomposed under the formation 
of bassanite and monosulfate aFm. For the compressive 
strenghts 6–15 Mpa, CSH gel is responsible. The volume 
density is 1,300–1,500 kg m–3.

application	of	Calorimetric	methods,	Kinetics	of	reac-
tions

In optimization of compositions of concrete and mort-
ars, one of the main role sis played by the proper type and 
amount of admixtures, especially superplasticizer. The use of 
calorimetery proved to be very suitable metod measuring the 
hydration heat evolution in time, influenced by the admix-
tures, w/c, starting temperature etc. The course of reactions 
enable to assess start and time of setting. The semiadiaba-

tic calorimeter3 makes it possible to measure series up to 16 
samples at the same time. The samples of the fresh mixture 
(usually 300.0 g) in styrofoam thermoinsulated beakers con-
tain thermoelements connected to the measuring card of the 
computer enabling to evaluace the results. on next figures, 
curves ilustrate the influence of the SP content on the start 
and time of setting (Fig. 4.) and effect of the different amount 
of sodium component on the activation of blast turnace slag 
(Fig. 5.).

very useful information can be obtained by the solution 
calorimetry (enthalpimetry, Fig. 6.), enabling rapid determi-
nation of the quality or composition of powdered samples. 
The thermal impulse of the reaction of the sample with a rea-
gent (e.g. dil. HCl) depends not only on the chemical com-
position, but also on the fineness of the sample – the specific 
surface area. This metod enables the rapid determination of 
some constutuents, which are by other methods time consu-
ming, e.g. determination of the Sio2 content, sulfates, activity 
of lime etc.The producers of different binders or metakaolin 
use enthalpimetric metod for the determination of the effect 
of grinding.

Discussion	and	Conclusions
The published papers and different printed matters con-

tain a great amount of novel information, but to find really 
progressive ones in a given branch is not easy. I tis a pleasure 
to present, that the effort of increasing the productivity of 
materials is still more often a main topics of r & D of many 

Fig. 4.	 Calorimetric	 measurement	 of	 fBCC	 fa	 paste	 contai-
ning	increasing	amount	of	superplasticizer	glenium	151

Fig. 5.	 Calorimetric	measurement	of	mixtures	of	Bf	slag	con-
taining	decreasing	amount	of	alkali	activateing	water	glass	solu-
tion	(see	next	table	ii)

Table II
Composition of mixtures to the Fig. 5.

  a B C D
 BF slag [g] 450 500 460 325
 alkal.activator [ml]  120 90 37.5 50
 Water [ml] 30 60 112.5 50

Fig. 6.	 solution	calorimeter	(enthalpimeter)
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teams all over the world. In the building industry, the utiliza-
tion of solid by-products of metallurgy and energetic industry 
(“wastes” like fly ashes, slags, energogypsum etc.) are in fact 
important raw materials, bringing about marked lowering of 
carbon dioxide emissions at the same time. These and related 
problems are solved by our students in diploma and doctoral 
theses. It is necessary to improve the information activities 
including the specialized education at all types of schools 
and thus to contribute to the sustainable development of the 
society.
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introduction
It has long been widely acknowledged that paper which 

is produced in an industrial way is endangered by acid 
decomposition or oxidation1. The degradation process can be 
stopped effectively by neutralisation and the insertion of an 
alkaline buffer2.

application of mass deacidification process is connected 
with problems in controlling its efficacy and quality. there are 
no unified criteria for evaluating particular processes of mass 
deacidification3. alkaline reserve, pH, their homogenity and 
effect of deacidification agents are among those used within 
the scope of evaluation4,5,6,7. nowadays, each organization 
brings own new parameters to evaluating the deacidification 
process. evaluation according to the criteria of ‘Library of 
Congress, pittsburgh’4 is one of the options. another option 
is evaluation of the process efficacy according to criteria of 
Swiss national Library, Bern3,7,8,9.

deacidification processes produce specific side effects 
on treated materials, according to their chemistry and method 
of application. organic solvents used in, or produced during, 
liquid-phase processes can cause bleeding of dye stuffs (espe-
cially red dyes) in textile book covers, in inks, and stamps. 
all the deacidification methods using liquid can cause defor-
mation and cockling of paper and binding8. 

alkaline particles, such as Mgo and dolomite micro-par-
ticles in the air (SoBu)10, Mgo and Cao in the air (Libertec)11 
and mgo in a perfluoralkanes (Bookkeeper)4 are also used in 
deacidification of books and archival documents containing 
cellulose base. the most significant effect of deacidification 
methods based on the application of sub-micron particles is 
a whitish powdery deposit on paper and binding surfaces, 
obviously the deacidification agent (magnesium oxide, calci-
um oxide, dolomite microparticles and calcium carbonate). It 
can be easily removed by brushing, but this creates additional 
and time-consuming work. If it remains in the book, it can  
 

spray out during the use with the risk of health problems for 
the user8.

experimental
r a w  M a t e r i a l 

Wood containing newsprint paper (grammage 45 g m–2, 
surface pH: 5.6) containing mechanically bleached, groun-
dwood (55 %), bleached sulphite pulp (20 %), cought trash 
fibres (15 %) and clay (10 %) was used in experiments. the 
test books (format a5) were sent for treatment to Sobu (Fürth) 
company providing commercial mass deacidification.

a c c e l e r a t e d  a g e i n g  p r o c e d u r e 
Samples of paper were conditioned according to 

TappI T402 om – 9312 at 23 ± 1 °C, and at relative humi-
dity of air rH = 50 ± 2 %. Seventy-five sheets of paper 
(a5 format) were encapsulated inside a peT/al/pe bag. The 
samples were aged at 96 ± 2 °C for 0, 2, 5, 10 and 15 days 
according to aSTM D 6819 – 02: Standard test method 
for accelerated aging of printing and writing paper by dry 
oven exposure apparatus, in which sealed glass tubes were 
replaced by a composite foil made of polyethylene / alu-
minium / polypropylene (TenoFan al / 116S). after 
ageing, the papers were conditioned for testing according to 
TappI T402 om - 9312.

M e c h a n i c a l  p r o p e r t i e s 
Breaking length was determined according to TappI 

T494 om – 8813 and the folding endurance was determined 
using the MIT apparatus according to TappI T511 om – 9614 
with a tension of 0.3 kg instead of the standard 1 kg.

e v a l u a t i o n  o f  T r e a t m e n t 
e f f e c t i v e n e s s

the comparison of treated/modified (Xt, m) and non-tre-
ated/non-modified (Xt,n) samples after the same period and 
conditions of ageing is expressed as:

nt

mt
tX X

X
S

,

,
, = , (1)

where SX, t stands for permanence coefficient by given trea-
tment, X – examined properties (the breaking length (lt) and 
the folding endurance (ω)), t– ageing period 
If SX,t > 1, the permanence is increased; if SX,t = 1, it is not 
changed; SX,t < 1, the permanence is decreased15.
Linear dependence was obtained after calculating the loga-
rithm of double folds. time values for log ω = 0 were calcu-
lated from linear equation. values were used for relative com-
parison the efficacy of deacidification process to non-treated 
control sample.

The lifetime of the paper ends when logarithm of the 
folding endurance becomes zero (tlog ω = 0)

the coefficient of relative increase of the lifetime for 
folding endurance (Sτ,ω) is to be expressed as eq (2).
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results
kinetic dependences of changes in mechanical proper-

ties of paper were evaluated. average values and average 
divergences that only indicate the variability recorded in 
measurement, are given for all kinetic dependences.

Stability of paper treated by aerosols of Mgo and dolo-
mite microparticles was compared to non-treated paper.

The loss of breaking length under ageing is shown in 
Fig. 1.

The breaking length of unaged non-treated paper was 
3,811 m. after 15 days of ageing, the loss of strength decrea-
sed by approx. 22 % (2,968 m). after deacidification by aero-

sols of Mgo and dolomite microparticles, the measured brea-
king length was 4,090 m. after 15 days of ageing, the loss of 
strength decreased by approx. 15 % (3,470 m). Permanence 
coefficient of the breaking length for unaged paper was eva-
luated Slt,0 = 1.1, the modification caused slight strengthening 
effect. The permanence of breaking length after 15 days of 
ageing was Slt,15 = 1.2, hence the modification caused posi-
tive stabilization effect.

The following picture (Fig. 2.) shows folding endurance 
(ω, double folds, load 0.3 kg) as a function of ageing time.

The number of double folds of untreated paper was 
1850. after 2 days of ageing, the number of double folds 
decreased rapidly (754). after 15 days of ageing, the folding 
endurance was reduced to 51 double folds. after the dea-
cidification by aerosols of mgo and dolomite microparticles 
1515 double folds were determined. The number of double 
folds kept decreasing during the ageing process, however, the 
decrease rate was slower comparing to non-treated sample. 
after 15 days of ageing, the folding endurance was reduced 
to 470 double folds. the permanence coefficient of folding 
endurance for unaged paper was evaluated Sω,0 = 0.8, which 
implies that the modification process did not result in streng-
thening effect, however, stability increased significantly after 
15 days of ageing reaching Sω,15 = 33.6.
The logarithm of folding endurance related to ageing time is 
shown in Fig. 3.

time values for log ω = 0 were calculated from linear 
equation. the coefficient of relative increase of the lifetime 
was calculated from formula (2) Sτ,ω = 4.7; which means that 
stability of modified paper increased by 470%.

To compare the air – Mgo – dolomite microparticles 
technological platform (Tp) to other recent Tps, the following 
criteria of multifactorial evaluation system of Consortium 
knihaSk and Library of Congress4 have been used:

. (2)

Fig. 1.	 effect	of	ageing	time	[days]	on	breaking	length	[m]:
1	–	non-treated	newsprint	paper
2	–	newsprint	paper	treated	by	aerosols	of	mgo	and	dolomite	
microparticles

Fig. 2.	 effect	of	ageing	time	[days]	on	folding	endurance	[dou-
ble	folds]:
1	–	non-treated	newsprint	paper
2	–	newsprint	paper	treated	by	aerosols	of	mgo	and	dolomite	
microparticles

Fig. 3.	 effect	of	ageing	time	[days]	on	logarithm	of	folding	en-
durance:
1	–	non	-	treated	newsprint	paper
2	–	newsprint	paper	treated	by	aerosols	of	mgo	and	dolomite	
microparticles
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Innovation potential. potential of the future develop-
ment, research, and further education.
efficacy in term of increase stability of mechanical pro-
perties and life-time prolongation.
it is the criterion of efficacy of deacidification process 
according to the Library of Congress4 on tested paper, 
which is expressed as the rate at which paper loses 
strength upon accelerated ageing at 90°C / 50 rH for up 
to 30 days, shall be decreased by at least a factor of 3.0, 
when the logarithm of the folding endurance is plotted 
against time in days (Sτ, ω). The permanence of the tre-
ated paper shall be increased by a factor of 300%.
pH and alkaline reserve,
price
risk:
Deterioration of documents, possibility of deacidification 
of books without their damage, sensorial properties
Explosion hazard 
Flammability hazard 
Health hazard 
Environmental hazard

on the basis of criteria of multifactorial evaluation sys-
tem the air – mgo – dolomite tP deacidification fulfills the 
Consortium knihaSk and Library of Congress4 requirements 
for the lifetime increase (Sτ,ω = 4.7), improves the mechani-
cal permanence sufficiently (Sω,15 = 33.6; Slt,15 = 1.2). It is 
the most advanced, the cheapest and safest one as well (in 
terms of danger of fire or explosion). Platform Hmdo is pro-
gressive, however, danger of fire or explosion is significant 
and is severalfold more expensive. The other Tps are less 
suitable for deacidification or not suitable for deacidification 
of books.
The most ecological methods are based on platform water/
air regarding the environmental quality, tenability and future 
prospects. Freons are used in less eco-perspective Tps of 
which global warming potential is by 320–8,400 times higher 
than that of Co2.

Conclusions
the paper was aimed at evaluating the deacidification by 

aerosols of Mgo and dolomite microparticles. The research 
was based on examination of mechanical properties through 
multifactorial evaluation according to the requirements of 
Consortium knihaSk and Library of Congress4.

•

•

•
•
•

the air – mgo – dolomite deacidification tP fulfi-
lls requirement for the lifetime increase (Sτ,ω = 4.7), it 
does improve the mechanical permanence sufficiently 
(Sω,15 = 33.6; Slt,15 = 1.2). It is most advanced, the cheapest, 
the most ecological and safest one as well (in terms of danger 
of fire or explosion or health hazards).

We thank to Project of ME SR No. 2003 SP 200280301 
Preservation, Stabilization and Conservation of Traditional 
Information Carriers in the Slovak Republic for financial 
support.
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introduction
the mining company Siderite, Ltd. nižná Slaná is only 

one producer of iron ore in Slovakia. the mining field of the 
company is located in the southeast part of the Slovak ore 
Mts. and it consists of two near one another placed deposits 
(their distance is about 2,500 m), namely Manó and kobeli-
arovo. 

the ore from the first of one contains in the average 
33.5 % of Fe, 2.18 % of mn, 8.5 % of Sio2, 0.001–0.2 % of 
as, 0.001–0.03 of Pb, 0.002–0.009 % of zn and 0.5–1.5 of S. 
The average quality of ore from the kobeliarovo deposit is 
as follows: 33.98 % of Fe, 1.71 % of mn, 3.71 of Sio2 and 
0.02 % of as1. The ores from the both deposit are characteri-
zed by fine intergrowth of utility minerals and gangue.

The company exploits siderite ore by underground 
method, namely sublevel caving. The run-off-mine ore is 
subjected to crushing and classifying. The coarser classes 
are pre-treated using a dry high intensity magnetic separa-
tion. only class with a grain size of 0–4 mm is led through 
bypass and directly added to magnetic product obtained by 
separation of coarser classes. In such way obtained material 
is roasted in rotary furnaces with the aim to improve the mag-
netic properties of main utility Fe-bearing mineral, i.e. side-
rite. Thus, during magnetizing roasting, siderite is changed 
into magnetite and/or maghemite with much higher magnetic 
susceptibility. after cooling the roasted ore is wet ground to a 
grain size 90 % under 63 μm and subjected to wet low inten-
sity magnetic separation. magnetic product is filtered and led 
to pelletizing plant. Final product – blast furnace pellets usu-
ally contain 55.4 % of Fe, 3.4 % of mn and 5 % of Sio2.

Currently, an annual production of ore is running about 
720,000 tons. Subsequently, 320,000 tons of blast furnace 
pellets are made from the ore2. Maximal annual production, 
i.e. 1,010,365 tons of ore and 447,810 tons of pellets, was 
attained in 20003.

as it was mentioned above, up to now, the ore fraction 
with a grain size of 0–4 mm is not magnetically pre-treated 
and it is directly led to rotary furnaces. Its mass yield usu-
ally ranges 15–20 %3, but at some time it can attain up to 
45 %, in dependence on grain size quality of run-off-mine 
ore, resulting from conditions at exploitation. The coarser ore 
pre-treatment by dry high magnetic separation is aimed at the 
decreasing of free quartz and accompanying rocks amount in 
the feed to rotary furnaces. after running-in of this techno-
logical line the management of company has begun to pay 

higher attention to the possibilities of quality improvement 
of the 0–4 mm class, which can significantly influence the 
quality of final product especially concerning undesirable 
components content. 

Thus, under laboratory conditions, a dry grain size ana-
lysis and tests of dry magnetic separation were performed at 
the Institute of Geotechnics of the SaS in košice with the 
aim to determine the distribution of chemical components as 
a function of grain size and to verify the possibilities of dry 
separation of this class.

experimental
C o n d i t i o n  o f  D r y  M a g n e t i c 
S e p a r a t i o n

Dry magnetic separation was carried out using a uni-
versal laboratory magnetic separator JoneS (Fig. 1.), in a 
cassette intermediate between of poles separator. The cassette 
was equipped by two plates, grooved and flat ones, made of 
carbon-free iron owing to ensuring of required induction and 
gradient of magnetic field with regard to maximal grain size 
of a feed (Fig. 2.).

Thus, the conditions of magnetic separation at three 
values of magnetizing current and appropriate inductions of 
magnetic field are introduced in table i.

M e t h o d s  o f  a s s e s s m e n t
after determination of mass yields the products of clas-

sifying and separation were subjected to chemical analyses 
and measurements of volume magnetic susceptibility. Loss 

Fig. 1.	 Design	of	the	Jones	separator

Fig. 2.	 the	cassette	equipped	by	plates
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on ignition (LoI) at 900 ºC and Sio2 content were assayed 
gravimetrically. other elements have been determined by 
atomic absorption spectroscopy using the device varIan 
with accessories: Fast Sequential aaS aa240FS, Zee-
man aaS aa240Z with programmable Sample Dispenser 
pSD120, Graphite Tube atomizer GTa120 and vapor Gene-
ration accessory vGa-77. Mercury in the products of mag-
netic separation was assayed using a Trace Mercury analyser 
TMa 254. 

the volume magnetic susceptibility “κ” measured using 
the device kappabridge kLy-2, Geofyzika Brno at the fol-
lowing conditions: a magnetic field intensity of 300 a m–1, a 
field homogeneity of 0.2 %, an operating frequency of 920 Hz, 
measurement range of device –1,999 × 10–6/650,000 × 10–6 SI 
units4.

on the basis of mass yields and chemical analyses the 
recoveries of observed components into products of classi-
fying and separation were calculated according to the method 
of classical material balance.

results
G r a i n  S i z e  a n a l y s i s

The results are introduced in Tables II and III, respecti-
vely. as to values in Table II, it is clear, that content of Fe is 
higher in coarser classes. The iron content corresponds with 
content of manganese, magnesium and LoI. Thus, at increa-
sing of Fe content, the contents of all mentioned components 
increase too. Conversely, contents of Sio2 and al are higher 
in finer classes. Similarly, the highest values of main undesi-
rable elements such as as, Cu, Zn and ni were detected in the 
finest classes. mercury was determined only in the finest class 
and its content was of 1.5 ppm. as it implies from Table III, 
the recoveries of observed components into individual classes 
are strongly influenced by mass yield values as a result of 
small differences among contents of given component in 
various classes. But recoveries of utility components, namely 
Fe and Mn, into coarser classes (2 mm) are higher than reco-
veries of Sio2 and al. Thus, it can be stated, that main utility 
mineral, i.e. siderite slightly concentrates in classes 2 mm 
and free quartz and quartz-bearing rocks in finer classes. 

Table I
Conditions of magnetic separation

 magnet. current induction of magnetic field [t]
 [a] Top of groove Flat plate
 1.50 0.60 0.47
 1.75 0.70 0.54
 2.00 0.75 0.60

Table II
Chemical composition of grain size classes

 Grain size yield κ Fe Sio2 Mn LoI as  al Mg Ca Cu Zn pb ni
 [mm] [%]  [%] [%] [%] [%] [ppm] [%] [%] [%] [ppm] [ppm] [ppm] [ppm]
 4.0  15.40 873 29.90  8.32 1.79 29.51 630 0.80 3.84 0.44 115.00 70.00 45.00 14.50
 3.0 –4.0  15.15 882 29.28 10.94 1.64 28.78 410 1.07 3.70 0.36 100.00 75.00 20.00 16.80
 2.0 –3.0 6.99 894 29.52 10.69 1.75 28.71 820 1.08 3.70 0.35 65.00 100.00 20.00 17.80
 1.0 –2.0 23.08 891 28.49 11.89 1.68 28.01 700 1.27 3.59 0.32 145.00 115.00 10.00 19.50
 0.5 –1.0 16.80 861 27.83 12.11 1.63 27.72 710 1.35 3.55 0.43 95.00 85.00 20.00 21.90
 0.25 –0.5 10.39 865 26.64 13.51 1.59 27.11 770 1.67 3.45 0.59 145.00 100.00 15.00 24.90
 0.125 –0.25 6.47 863 25.72 12.74 1.52 26.85 980 2.01 3.36 0.45 300.00 140.00 10.00 32.80
 0.063 –0.125 4.06 872 26.46 12.13 1.53 26.59 970 1.72 3.52 0.70 185.00 170.00 25.00 34.50
  –0.063 1.66 862 25.15 13.36 1.38 24.80 1160 2.61 3.25 0.38 150.00 125.00 15.00 34.50
 feed 100.00 876 28.28 11.40 1.66 28.08 699 1.30 3.61 0.42 131.30 98.38 20.49 20.88

Table III
recoveries of observed components into grain size classes

 Grain size Fe Sio2 Mn LoI as  al Mg Ca Cu Zn pb ni
 [mm] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%]
 4.0  16.28 11.23 16.65 16.18 13.87 9.49 16.39 16.20 13.48 10.95 33.80 10.69
 3.0 –4.0  15.68 14.53 15.04 15.52 8.88 12.49 15.54 13.04 11.54 11.55 14.78 12.18
 2.0 –3.0 7.30 6.55 7.37 7.15 8.20 5.82 7.16 5.85 3.46 7.11 6.82 5.96
 1.0 –2.0 23.25 24.05 23.41 23.02 23.10 22.59 22.94 17.67 25.49 26.98 11.26 21.55
 0.5 –1.0 16.54 17.84 16.49 16.59 17.06 17.49 16.55 17.29 12.16 14.52 16.40 17.62
 0.25 –0.5 9.79 12.31 9.98 10.03 11.44 13.38 9.95 14.67 11.48 10.56 7.61 12.39
 0.125 –0.25 5.88 7.22 5.93 6.19 9.06 10.02 6.02 6.96 14.78 9.20 3.16 10.16
 0.063 –0.125 3.80 4.32 3.75 3.85 5.64 5.39 3.97 6.80 5.72 7.02 4.96 6.71
  –0.063 1.47 1.94 1.39 1.46 2.75 3.34 1.49 1.51 1.89 2.11 1.21 2.74
 feed 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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M a g n e t i c  S e p a r a t i o n
The quality of separation products obtained at three 

values of magnetizing current or more precisely induction of 
magnetic field is described in tables iV–Vi. Subsequently, 
the recoveries of observed components into separation pro-
ducts, i.e. magnetic (M) and nonmagnetic (n) ones, are intro-
duced in Tables vII–IX. 

an increasing of the value of magnetizing current 
resulted above all in a rising of mass yield into magnetic 
product. understandably, the highest Fe content in magnetic 
product was achieved at the smallest induction of magnetic 

field, when grains of liberated siderite with the highest mag-
netic susceptibility are collected in this product. However, 
the recovery of iron under such conditions is minimal. Thus, 
with gradually enhancing of induction, the magnetic product 
is slightly contaminated by waste components, mainly Sio2, 
but the recoveries of iron and manganese significantly rise.

Conclusions
Present results of the research on benefication of the 

class 0–4 mm of siderite ore can be recapitulated as follows: 

Table Iv
properties and quality of products obtained at magnetizing current of 1.5 a

 product Yield κ × 106 Fe Sio2 Mn LoI as Hg al Mg Ca Cu Zn pb ni
  [%] [Si unit] [%] [%] [%] [%] [ppm] [ppm] [%] [%] [%] [ppm] [ppm] [ppm] [ppm]
 M 33.36 1011 32.31 5.37 1.64 30.46 370 1.30 0.99 3.24 0.28 110 75 15 15
 n 66.64 791 25.12 14.60 1.36 26.62 710 1.60 1.64 3.40 0.35 195 100 10 27
 feed 100.00 864 27.52 11.52 1.45 27.90 597 1.50 1.42 3.34 0.33 167 92 12 23

Table v
properties and quality of products obtained at magnetizing current of 1.75 a

	 product Yield κ × 106 Fe Sio2 Mn LoI as Hg al Mg Ca Cu Zn pb ni
  [%] [Si unit] [%] [%] [%] [%] [ppm] [ppm] [%] [%] [%] [ppm] [ppm] [ppm] [ppm]
 M 58.01 956 30.62 7.23 1.59 29.70 370 1.00 0.94 3.11 0.29 80 80 15 15
 n 41.99 720 23.10 17.96 1.27 25.80 890 1.80 1.57 3.21 0.38 130 105 10 26
 feed 100.00 857 27.46 11.74 1.46 28.06 588 1.34 1.20 3.15 0.32 101 91 13 19

Table vI
properties and quality of products obtained at magnetizing current of 2 a

 product Yield κ × 106 Fe Sio2 Mn LoI as Hg al Mg Ca Cu Zn pb ni
  [%] [Si unit] [%] [%] [%] [%] [ppm] [ppm] [%] [%] [%] [ppm] [ppm] [ppm] [ppm]
 M 84.20 1003 29.39 8.53 1.56 29.08 570 1.20 1.15 3.46 0.30 135 87 15 21
 n 15.80 549 18.04 27.05 1.00 21.37 1200 3.60 2.34 3.16 0.64 145 110 10 26
 feed 100.00 931 27.60 11.45 1.47 27.86 669 1.58 1.34 3.41 0.35 137 91 14 22

Table vII
recoveries of components into separation products at magnetizing current of 1.5 a

	 Product Fe Sio2 Mn LoI as Hg al Mg Ca Cu Zn pb ni
  [%] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%]
 M 39.16 15.55 37.68 36.42 20.69 28.91 23.21 32.31 28.59 22.02 27.30 42.89 21.50
 n 60.84 84.45 62.32 63.58 79.31 71.09 76.79 67.69 71.41 77.98 72.70 57.11 78.50
 feed 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Table vIII
recoveries of components into separation products at magnetizing current of 1.75 a

 product Fe Sio2 Mn LoI as Hg al Mg Ca Cu Zn pb ni
  [%] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%]
 M 64.68 35.74 63.35 61.40 36.48 43.42 45.27 57.21 51.32 45.95 51.28 67.45 44.83
 n 35.32 64.26 36.65 38.60 63.52 56.58 54.73 42.79 48.68 54.05 48.72 32.55 55.17
 feed 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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utility components of ore, i.e. Fe and Mn, a slightly more 
concentrate into coarser fractions 2 mm,
conversely, gangue represented above all by Sio2 and al 
concentrates into finer ones bellow 2 mm,
a relative high content of as from 980 to 1,160 ppm was 
detected in fines bellow 0.25 mm,
similarly, higher contents of other heavy metals such 
as Cu, zn and ni were also determined in fines, while 
the highest content of Pb was identified in the coarsest 
fraction,
an increasing of magnetic field induction at separation 
resulted in slight reduction of Fe and Mn content in 
magnetic product, but also in significant enhancement 
of their recoveries.

Finally, it can be recommended:
to reject the fraction with a grain size of 0–0.25 mm 
from technological flowsheet and in such way to prevent 
the contamination of final product by heavy metals, 
to apply magnetic induction about 0.7–0.8 T at separa-
tion process to avoid losses of iron and manganese in 
nonmagnetic product.

•

•

•

•

•

•

•
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Table IX
recoveries of components into separation products at magnetizing current of 2 a

 product Fe Sio2 Mn LoI as Hg al Mg Ca Cu Zn pb ni
  [%] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%]
 M 89.67 62.68 89.26 87.88 71.68 63.98 72.36 85.35 71.41 83.22 80.82 88.88 81.14
 n 10.33 37.32 10.74 12.12 28.32 36.02 27.64 14.65 28.59 16.78 19.18 11.12 18.86
 feed 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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introduction
Clays are naturally occurring aluminosilicates having 

sheet structure. natural clays are low-cost and available 
materials functioning as cation exchangers. They have often 
been used to adsorb metallic contaminants. among the three 
basic classes of clays – kaolinite, micas, smectites, the last 
mentioned have the largest surface area and the highest ca-
tion exchange capacity. If the major mineral in clay is mont-
morillonite or a member of other smectites, than, it is called 
bentonite1. For evaluation its behaviour against chemical at-
tack, bentonite attracted the researcher’s concern for a long 
time and has been studied extensively2.

use of natural bentonite in treating aqueous waste con-
taining heavy metals and organic matter has been previously 
reported in many works.3–5 natural bentonites are usually 
activated or modified with the aim to improve their sorption 
properties.6–7

It is documented that nano-scaled magnetic particles 
could be also used for sorption purpouses and they are good 
sorbents of contaminants from aqueous or gaseous efflu-
ents8.

in this work the natural bentonite was modified by the 
magnetic particles with the aim to enhance its sorption pro-
perties. The structural, surface, porous and sorption proper-
ties of composite materials were studied.

experimental
M a t e r i a l s

The natural bentonite originated from the locality Stará 
Kremnička – Jelšový potok. it was first treated by sedimenta-
tion method to obtain monomineral fraction with the particle 
size below 20 μm.

The composite materials were prepared from the solu-
tions of ferric and ferrous salts, where bentonite was added 
before the iron oxide precipitation. The magnetic particles 
were precipitated by nH4oH added dropwise. The bentonite 
dosage was adjusted in order to obtain different bentonite/
iron oxide wight ratios 1 : 1, 5 : 1 denoted as a, e respectively. 
the modification process was realized at two selected tempe-
ratures 293 and 358 k. 

M e t h o d s
The nitrogen adsorption experiments were realized with 

micrometrics aSaP 2400 apparatus (Slovakia). the specific 
surface area SBET was calculated from the adsorption isotherms 
according to the BeT (Brunauer, emmett, Teller) method in 

a range of relative pressure 0.03–0.2 p/p0. The value of total 
pore volume Va was determined from the amount of adsorbed 
volume at relative pressure close to saturation pressure. The 
micropore volume Vmicro and value of external surface St were 
obtained from the t-plot analysis. The pore size distribution 
of studied materials was calculated using the BJH (Barett-
Joyner-Halenda) method from the desorption isotherms. 

powder X-ray diffraction (XrD) patterns were collected 
using a Philips PW1820 (Germany) equipped with a CuKα 
radiation (40 kv, 40 ma). The JCpDS pDF database was 
used for the phase identification. 

Mössbauer spectroscopy measurements were carried out 
with a 57Co/rh γ-ray source (Germany) at the room tempera-
ture. The velocity scale was calibrated relative to 57Fe in rh. 
recoil spectral analysis software was used for the quantita-
tive evaluation of the Mössbauer spectra9.

The value of magnetization of the samples was deter-
mined by the superconducting quantum interference device 
(SQuID) magnetometer measurement (Germany) at the 
maximum field of 50 koe. 

The scanning electron microscopy (SeM) analyses were 
made in JeoL JSM-6400 (Germany). elements present in 
composites surface were determined using the energy disper-
sive analyzer of X-rays (eDaX) on the SeM.

The sorption of zinc from model aqueous solutions by 
the natural and magnetically modified bentonite was carried 
out using batch-type equilibrium experiments in a rotary 
shaker for 24 hours at constant ambient temperature. The ini-
tial total metal ion concentration range was 10–100 mg dm–3. 
Sorption experiments were realized at pH = 5 and the sorbent 
concentration was 2 g.dm–3. the final metal concentration 
was determined by atomic absorption spectroscopy (aaS 
using a varian Spectr aa-30) and the metal uptake was 
calculated from the difference. Sorption isotherms have been 
fitted with Langmuir equation. the sorption capacities of the 
natural and modified bentonite were compared.

results
The adsorption and desorption isotherms of the natural 

and modified bentonite, shown in Fig. 1.(a), (b), were obtai-
ned from the adsorbed and desorbed gas plotted against the 
relative pressure. The hysteresis loops are associated with the 
capillary condensation that is typical for mesoporous materi-
als. the final arising part of the isotherms assigns the occur-
rence of macropores in the structures10. The values of BeT 
surface area calculated from the adsorption isotherm, values 
of external surface and pore volume are included in Table I. 
The composite materials showed once more higher values of 
specific surface area compared to the bentonite. the value of 
total pore volume has the increasing tendency in dependence 
of the higher content of iron oxide in the composites. The hi-
gher values of the specific surface area and increasing values 
of total pore volumes should be explained by the secondary 
pore structure formation caused by the creating of agglome-
rates on the bentonite surface during the iron oxide precipi-
tation. The t-plot method is a transformation of adsorption 
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isotherm in which relative pressure is replaced by t (estimated 
statistical thickness of adsorbed layer of nitrogen). plot of V 
(adsorbed gas volume) versus t was linearized in the range 
from 0.354 nm (thickness of adsorbed monolayer) to 0.5 nm 
(corresponding roughly to the range of relative pressures 0.1–
0.2) and the extrapolation of this plot to t = 0 gave the values 
of specific volume of micropores. as follows from the Fig. 2. 
the contribution of small pores to the total pore volume is not 
significant because the values of the micropore volume obtai-
ned by this method were almost equal to zero. 

Distribution of adsorbed volume in the investigated 
samples was estimated by the BJH method from the desorp-
tion isotherms. Fig. 3. shows the dependence of the volume 
density distribution on the average pore diameter of the natu-
ral bentonite and its modified samples.

The curves of the composite materials indicate the incre-
ase in the volume in mesopores in comparison to the natural 
bentonite. The analysis has shown that the porosity of modi-
fied samples varied with the different content of magnetic 

particles in composite. The stronger formation of secondary 
mesopore structure showed the samples a293 and a358, 
especially in the range 11–25 nm. The curve of pore size dis-
tribution of the e293 sample is shifted left that signifies oc-
currence of smaller pores in comparison with e358. 

the Xrd analysis of the composites confirmed the pre-
sence of montmorillonite and Fe oxidized phase, but it was 
not able to determine the iron oxide phase because of strongly 
overlapping of magnetite and maghemite diffraction lines. 
Therefore the Mössbauer spectroscopy was used to identify 
this phase. except the maghemite, goethite in the samples 
synthesized at 293 k was observed too, Fig. 4.

Fig. 1.(a)	 adsorption	 –	 desorption	 isotherms	 of	 natural	
and modified bentonite at 293 K (filled symbols – adsorption 
isotherms,	open	symbols	–	desorption	isotherms)

Fig. 1.(b)	 adsorption	 –	 desorption	 isotherms	 of	 natural	
and modified bentonite at 358 K (filled symbols – adsorption 
isotherms,	open	symbols	–	desorption	isotherms)

Table I
Structural parameters of the investigated samples

 Sample SBeT va vmicro St
  [m2 g

–1] [cm3 g–1] [cm3 g–1] [m2 g–1]
 Bentonite 39.4 0.096 0.005 27.6
 a293 73.7 0.216 0.004 64.2
 e293 90.7 0.187 0.002 83.9
 a358 82.8 0.251 0.004 73.7
 e358 84.8 0.183 0.003 77.5

Fig. 2. t-plot of the investigated samples (filled symbols – line-
arized	parts)

Fig. 3.	 Pore	size	distribution	of	the	investigated	samples
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The room temperature Mössbauer spectra of com-
posites a293, a358 and e358 are complexes consisting of 
paramagnetic doublet and one sextet. The analysis of the 
a293 sample, Fig. 5.(a), confirmed the presence of γ-Fe2o3 
(average hyperfine magnetic field for the octahedral site: 
Boct = 41.8 T, isomer shift IS = 0.25 mm s–1, relative spectral 
area ra = 40.15 %; for the tetrahedral site: hyperfine mag-
netic field Bhf

Tet = 47.6 T, IS = 0.13 mm s–1, ra = 24.1 %) 

and small amount of goethite (Bhf = 35.8 T, IS = 0.26 mm s–1,  
quadrupole splitting QS = –0.08 mm s–1, ra = 28.7 %) 
in composite sample. The Mössbauer spectrum analysis 
of the samle a358 showed only the presence of maghemite 
(average hyperfine magnetic field for the octahedral site: 
Boct = 38.8 T, isomer shift IS = 0.25 mm s–1, relative spectral 
area ra = 59.7 %; for the tetrahedral site: hyperfine mag-
netic field Bhf

Tet = 47 T, IS = 0.13 mm s–1, ra = 35.8 %) in 
composite, Fig. 5.(b). The similar results were obtained for 
the sample e358. The relative spectral area of maghemite 
was lower that was confirmed by its lower content in com-
posite. More expressive paramagnetic doublet of bentonite 
was observed for this sample. The Mössbauer spectrum of the 
e293 sample has shown only a paramagnetic doublet. It was 
fitted with two paramagnetic doublets, Fig. 5.(c). in the case 
of very small magnetic particles, they do not show magnetic 
properties and their sextet structure is bowing into paramag-
netic doublet structure.

In all investigated composite samples two paramagnetic posi-
tions of Fe3+ in bentonite were detected.

the magnetization σ of nanosized iron oxide synthe-
sized at 293 k and 358 k without the bearer was measu-
red by SQuID magnetometer. The obtained values were 
83.59 emu g–1 and 80.95 emu g–1 respectively. These mea-
sured values were used to calculate the expected theoretical 
values of magnetization for the modified samples. 
The measured magnetization for the composites increases 
in dependance on the increasing maghemite content in the 
samples. The measured values do not respond to theoretical. 
That should be explained by the contribution of measured 
bentonite magnetization and in the case of samples a293 and 
e293 also by the presence of goethite in their structures. The 
value of magnetization of the e293 sample is almost equal to 
zero. it was confirmed by the mössbauer spectroscopy that 
composite e293 contain small particles. The obtained values 
are listed in Table II.

Fig. 6.(a) shows the morphology of the sample e293 
observed by SeM in Compo mode. The white spots belong 
to maghemite agglomerates on the bentonite surface. It was 
also confirmed by the edaX analysis illustrated on Fig. 6(b) 

Fig. 4.	 X-ray	 diffraction	 pattern	 of	 natural	 bentonite	 and	
modifiet samples (M – montmorillonite, * - iron oxide diffrac-
tion,	g	–	goethite)

Fig. 5.(a)	 fitted	mössbauer	spectrum	of	the	sample	a293

Fig. 5.(b)	 fitted	mössbauer	spectrum	of	the	sample	a358

Fig. 5.(c)	 fitted	mössbauer	spectrum	of	the	sample	e293
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where the presence of Fe and o elements on the bentonite 
surface was detected.

The sorption experiments of zinc were realized on the 
natural bentonite and composite material. From all obtai-
ned results of previous studies two samples were interesting 
from the sorption point of view. a358 showed the highest 
value of pore volume and magnetic property, e293 had the 
largest specific surface area. on the basis of the result of zeta 
potential measurement, the last mention sample was used for 
sorption experiment. The effect of metal ion concentration on 

zinc adsorption was investigated over the concentration range 
10–100 mg dm–3 at room temperature. The sorption isotherms 
obtained at constant temperature are shown in Fig. 7. From 
this, it is observed that the adsorption capacity qe increases 
as a function of metal concentration. The maximum sorption 
capacity of sorbents has not been reached yet. The experi-
mental data of sorption were fitted with linearized Langmuir 
type model, Fig. 8.(a), (b), according to the equation (1).

1e e

e m m

C C
q Q K Q

= +
⋅

, (1)

where Ce is the equilibrium concentration of metal in solu-
tion, qe is the corresponding amount of metal ions sorbed onto 
sorbent, Qm and K	are Langmuir constants related to sorption 
capacity and sorption energy, respectively. Maximum sorp-
tion capacity Qm represents monolayer coverage of sorbent 
with sorbate and K represents enthalpy of sorption and should 
vary with temperature.

The maximum sorption capacity of bentonite and e293 
calculated from the slope of the plot was 22 mg Zn g–1 and 
23 mg Zn g–1, respectively.

Table II
Measured and theoretical values of magnetization of the 
investigated samples

 Sample σ [emu g–1] theoretical σ [emu g–1]
 Bentonite 4.02 –
 a293 37.02 41.80
 e293 0.69 13.93
 a358 46.22 40.48
 e358 15.07 13.49

Fig. 6.(a)	 sem	 Compo	 mode	 image	 of	 the	 composite	 sample	
e293.	White	parts	signify	the	presence	of	iron	oxide	on	the	ben-
tonite	surface

Fig. 6.(b)	 eDaX	analysis	of	the	composite	sample	e293

Fig. 7.	 sorption	isotherms	of	Zn2+	ions	by	the	natural	bentonite	
and	e20	composite	sample

Fig. 8.(a)	 linearized	 form	 of	 langmuir	 sorption	 isotherm	 of	
Zn2+	on	natural	bentonite
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Comparing the efficiency of the natural and modified 
bentonite towards zinc cations it seems the composite mate-
rial e293 to be more convenient in removing of this metal 
from solutions.

Conclusion
magnetic modification of natural bentonite seems to be 

a perspective way of enhancing its sorption properties and 
offers an easy separation and recovery of sorbents11. 

the natural bentonite was modified by iron oxide partic-
les and its improved properties were studied. The natural ben-
tonite as well as composites showed mesoporous structure, 
the occurrence of macropores was observed from their hyste-
resis loops. The BeT surface area of the composite materials 
was twice higher in comparison to the natural bentonite. The 
total pore volume had the increasing tendency in dependance 
on the higher content of iron oxide in the composite materials 
because of textural porosity created between the iron oxide 
particles. 

The composite materials exhibited the magnetic proper-
ties, which were confirmed by magnetization measurements. 
The XrD analysis showed the diffractions of Fe oxidized 
phase in composites materials, in case of the composites syn-
thesized at 293 k, goethite diffractions were observed. Fe oxi-
dized phase was identified by the mössbauer spectroscopy 
and it belonged to maghemite. only the composite sample 

e293 showed the paramagnetic property that it was caused 
probably by small iron oxide particles in the composite. The 
presence of the iron oxide particles on the bentonite surface 
was observed by SeM and analyzed by eDaX. Maghemite 
particles were nonhomogenously distributed on the bentonite 
surface, creating agglomerates.

The sorption properties of the natural bentonite and 
composite e293 were studied. The composite sample showed 
the higher adsorption capacity of Zn2+ over the whole con-
centration range in comparison to the natural bentonite. The 
experimental data were well fitted by the Langmuir type 
model. Comparing the efficiency of both materials, magneti-
cally modified bentonite seems to be a promise candidate for 
practical use in heavy metals removal.

The authors are thankful for financial support of VEGA 
grant G-6189.
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introduction
Iron oxides are ubiquitous in soils and rocks, lakes and 

rivers, on the sea floor, in air, and in organisms. they are 
abundant in soils and aquifers, where they act as a sorbent 
of heavy metals and of other components. Iron oxides have a 
substantial impact on the quality of underground waters and 
porous water in sediments1.

In an aquatic environment, iron occurs in two oxidative 
states; Fe3+ and Fe2+. Ferric iron is stable in aerobic condi-
tions, especially in neutral and alkaline pH. The concentra-
tion of free ferric ions in these conditions is approximately 
10-17 M. on the other hand, ferrous iron is highly soluble in a 
wide range of pH and in anoxic conditions2. Ferrous iron rap-
idly oxidizes in the presence of oxygen to ferric iron, which 
rapidly precipitates above pH 2.5. Below pH 2.5, both iron 
species are soluble and the oxidation of Fe2+ to Fe3+ is ex-
tremely slow3.

Dissimilative reduction of ferric iron is an alternative 
way of respiration of microorganisms in anaerobic condi-
tions. Trivalent iron that could occur in a form of soluble or 
insoluble compounds can act as a final acceptor of electrons 
taken during the oxidation of organic matter (heterotrophic 
organisms) or inorganic matter (autotrophic organisms)4. 
Iron is a redox-active element and it easily transforms from 
one oxidative state to another. redoxpotential of the pair 
Fe3+/Fe2+ at pH 2 is 0.77 v. This value (0.84 v) is close to the 
standard redox potential of the system o2/H2o(ref.5).

The bacterial reduction of solid state ferric iron causes 
the dissolution of iron minerals including associated ele-
ments6. reductive dissolution of iron can be applied in elimi-
nation of undesirable ferric minerals from nonmetalics or in 
bioremediation of acid mine drainage.

This work presents the behavior of solid as well as liq-
uid ferric iron reduction by bacteria Acidiphilium SJH. The 
bacteria of genus acidiphilium are heterotrophic, aerobic or 
facultative anaerobic organisms. These thrive in acidic and 
neutral range of pH, with an optimum at pH 3 7. They oxidize 
organic substratum to Co2 and as an oxidant they utilize oxy-
gen or trivalent iron 8. acidophilic heterotrophic bacteria have  

 
unique properties, therefore they seem to have the possibility 
for reductive leaching of solid ferric iron compounds9.

Bacteria acidiphilium SJH reduce Fe(III) to Fe(II) even 
at the presence of oxygen10,5. The obligatory anoxic environ-
ment is not a necessary term in the above mentioned pro-
cesses of iron reduction. In addition, some strains of the ge-
nus acidiphilium can simultaneously utilize both oxygen and 
trivalent iron during the oxidation of organic material. The 
co-respiration of o2 and Fe3+ at acidophilic heterotrophs is an 
interesting phenomenon. The absence of oxygen is an obliga-
tory requirement for many neutrophilic microorganisms to 
reduce ferric iron. Iron respiration is inhibited even at a trace 
amount of oxygen.

experimental
I r o n  o x i d e  p r e p a r a t i o n  a n d 
C h a r a c t e r i z a t i o n

Five pure synthetic iron minerals were prepared as fol-
lows:

Goethite – α-Feo(oH) was prepared from an alkaline 
system by the hydrolysis of 1M Fe(no3)3 with 5M 
koH. The synthesis took 60 hours at 70 °C. yellow-
brown colored goethite powder was obtained.
Lepidocrocite- γ-Feo(oH) was synthesized by oxidizing 
a Fe2+ (FeCl2. 4H2o) containing solution at a pH close to 
neutral. By this method crystalline reddish-yellow lepi-
docrocite was obtained. 
Magnetite – Fe3o4 was prepared from the solution of 
FeSo4

. 7H2o flushed with n2 gas. The solution of kno3 
and koH was used as an oxidizing agent. The oxidation 
proceeded at 90 °C. The black precipitate occurred after 
several minutes. 
maghemite – γ-Fe2o3 was prepared by the heating of the 
sample of synthetic lepidocrocite in a furnace at 250 °C. 
The thermal transformation was carried out for 2 hours. 
Hematite – α-Fe2o3 was being synthesized by acid hyd-
rolysis from the solution of FeCl3 and HCl at 78 °C for 
ten days.
The resulting products were separated from the liquid 

phase by centrifugation and then washed with distilled water. 
the iron oxide powders were finally dried at laboratory tem-
perature and stored in the exicator.

the specific surface area of each iron mineral was mea-
sured by the BeT (GeMInI 2360, Micromeritics, uSa). This 
method is based on the adsorption of nitrogen molecules on 
the solid state’s surface.

The XrD patterns were collected using a philips pW 
1820 powder diffractometer with Cukα radiation. The JCpDS 
pDF database11 was utilized for phase identification.

Mössbauer spectra of the samples were taken in trans-
mission geometry at temperature T = 293 k. a 57Co/rh γ-ray 
source was used. The velocity scale was calibrated relative to 
57Fe in rh. The recoil spectral analysis software was used 
for the quantitative evaluation of the Mössbauer spectra12.

•

•

•

•

•



Chem. Listy, 102, s265–s1311 (2008) Chemistry of Inorganic Materials

s840

B a c t e r i a l  I r o n - r e d u c t i o n 
Bacterial strain Acidiphilium SJH was obtained as 

a gift from Dr. Barrie Johnson (university of Wales, Ban-
gor, School of Biol. Sci.). It was incubated aerobically in an 
acidic medium that contained (per liter) 6.25 g (nH4)2So4, 
2.5 g MgSo4

. 7H2o, 0.13 g tryptic soy broth, 0.9 g D-galac-
tose, and 1 ml solution of trace elements. The medium was 
adjusted at pH 2.5 with 5M H2So4. The bacteria were culti-
vated in a thermostat at 25 °C under aerobic conditions. The 
bacterial growth was measured as optical density, recorded 
at λ = 600 nm. the grown bacterial cultures were collected 
by milipore membrane filters with a pore size 0.22 μm. Cell 
pellets were suspended in fresh medium and adjusted to final 
cell concentration equal to oD600 = 1.0. The cell suspension 
was poured into special tubes with a screw cap and a septum. 
each tube contained m = 0.05 g of iron mineral. The experi-
ments were done in triplicates and each series included one 
abiotic control. The tubes were closed airtight and incubated 
statically at 25 °C. 

In order to keep anoxic conditions within the tubes and to 
avoid the contamination, the samples were taken through the 
cap’s septum with sterile needles and syringes. The samples 
were filtered in order to separate the solid and liquid phases. 
The leaching solutions were immediately stabilized by sulfu-
ric acid to prevent abiotic oxidation of ferrous iron. The fer-
rous iron concentration was measured by the o-phenantroline 
colorimetric method13, ferric iron by uv- spectrophotometric 
method at λ = 300 nm14.

Bacterial reduction of soluble ferric iron was carried 
out in a stirred laboratory bioreactor with working volume of 
1 dm3. The innoculum was prepared identical as in the afore-
said experiments. During the incubation, the samples of me-
dium were withdrawn in intervals for the chemical analyses 
and optical density measurements. Iron speciation and bacte-
rial cell concentration were measured as stated above. The 
specific iron reduction rates were normalized for cells density 
equivalent to 1.0 absorbance unit (oD600).

results
The XrD analyses and Mössbauer spectroscopy con-

firmed the purity of prepared synthetic minerals. the Xrd 
pattern of the hematite sample is presented in Fig. 1. The 
positions of all experimental diffraction lines are the same 
as those for the theoretical diffraction lines of the α-Fe2o3 
phase. Thus, the as-synthesized sample corresponds to pure 
α-Fe2o3 phase11.

The room-temperature Mössbauer spectrum of the he-
matite sample is characterized by symmetric sextet structure 
(Fig. 2.). the spectrum is well fitted by one sextet component 
with the hyperfine parameters: isomer shifts iS = 0.24 mm/
s, quadrupole splitting QSM1 = –0.10 mm s–1 and hyperfine 
magnetic field B = 51.2 t. these parameters are character-
istic of ferric (Fe3+) ions15, 16 in octahedral coordination of 
oxygen ions in α-Fe2o3.

Significant differences in specific surface areas were 
measured for individual iron minerals (Table I).

Fig. 3 shows the time course of bacterial leaching of 
goethite and hematite. non-linear regression was used to 
calculate initial leaching rate, because the instantaneous 
rate decreased with time. Goethite and hematite have well 
ordered crystalline structure and are rather refractory towards 
leaching. Their stability could also be assumed in natural 
environment. The samples of lepidocrocite and maghemite 
possessed the highest specific surfaces. they also proved the 
highest rates of chemical and bacterial leaching (Fig. 4). The 
lepidocrocite is a less stable mineral in comparison with goe-
thite and hematite. This was validated by the results of our 
experiments. The initial rate of iron reduction at lepidocrocite 
was 3.0	mg dm–3 h–1, at maghemite 2.83	mg dm–3 h–1. The hi-
ghest observed concentrations of Fe2+ in leaching solutions 
reached approximately 600	mg dm–3, which corresponds to 
20% yield. the rate of the leaching was gradually decreasing. 
The reason of this decelerating could be the passivation of 
mineral surface, adsorption of Fe2+ ions from solution onto 
mineral surface or bacterial cells. In addition, the inhibition 
could be caused by the change of sorption affinity of bacterial 
cells to mineral surface17.

Fig. 1.	 XrD	patterns	of	the	hematite	sample

Fig. 2.	 room-temperature	57fe	mössbauer	spectrum	of	hema-
tite
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The bacterial activity is limited by the availability of 
Fe3+. When solid substrates are utilized, the linear bacterial 
growth is commonly observed. The growth is limited by the 
rate of iron dissociation from the solid surface. the specific 
rates of leaching were calculated for a unit of mineral surface 
and a unit of bacterial cells (table i). For the quantification 
of leaching rates for various minerals initial rates were calcu-
lated from non-linear regression, using a second-order power 
function. 

In anoxic conditions, bacteria utilized Fe3+ cation as 
an electron acceptor from the oxidation of organic matter 
(saccharides). The rate of bacterial reduction of Fe3+ to Fe2+ 
in the solution highly exceeds the dissociation rate of Fe3+ 
from mineral surface, which is the rate-determining step. 
Therefore, in the presence of iron reducing bacteria, almost 
all soluble iron occurs in the form of Fe2+ ions. 

In solutions without bacteria both iron species were de-
tected (Fig. 5.). The sterile acidic medium (pH 2.2) brought 
about the chemical leaching of iron from oxihydroxides 
because of the adsorption H+ protons to mineral surface fol-
lowed by the extraction of Fe3+ from the crystal lattice18. 
The acid leaching is a reversible process of the hydrolytic 
reaction connected with the formation of Fe(III) precipitate:  
2Fe3+ + 3H2o ↔ Fe2o3 + 6H+. The presence of Fe2+ in aci-

dic leaching liquors in the absence of Fe-reducing bacteria 
could be a result of chemical reduction of Fe3+ with organic 
substances obtained in media (D-galactose and tryptic soy 
broth). 

Magnetite contains both Fe2+ and Fe3+ ions in its crystal 
structure. under anoxic conditions, two potential mechanisms 
exist for aqueous release of iron from magnetite. one is the 
reaction resulting in maghemite formation and incongruent 
release of Fe (II) to solution (1)19.

[Fe2+Fe3+
2]o4(mn) + 2H+ → γ[Fe3+

2]o3(mh) + Fe2+ + H2o (1) 

In addition, in extremely acidic solutions pH < 1 congru-
ent dissolution was observed, which releases both Fe2+ and 
Fe3+ from magnetite (2) corresponding to Fe3+/Fe2+ ratios of 
2 : 1(ref.20).

[Fe2+Fe3+
2]o4(mn) + 8H+ → Fe2+ + 2Fe3+ + 4H2o (2)

In our experiments, sterile controls containing magne-
tite proved high concentrations of Fe2+ in leaching liquor, 
according to (1). The presence of trivalent iron points out 
the possibility of leaching according to (2). Fig. 4. presents 
the behavior of chemical and bacterial leaching of magnetite. 
The initial rate of the iron extraction from this mineral was 
1.44	mg dm–3 h–1. recounted values to magnetite’s specific 
surface (13	m2 g–1) showed the highest specific rate of iron 
extraction. 

Fig. 6. depicts the bacterial reduction of soluble fer-
ric iron in the bioreactor. after the innoculation of bacteria 
into the fresh medium, the dissolved oxygen was consumed 
within 2 hours and ferric iron became the only terminal 
electron acceptor for the bacterial oxidation of organic sub-
stratum (3).

Fig. 3.	 Bacterial	 leaching	 of	 goethite	 (squares)	 and	 hema-
tite	 (circles).	 symbols	 represent	 the	 means	 of	 triplicate	
incubations	±	standard	deviation.	open	symbols	indicate	chemi-
cal	leaching	of	minerals	in	abiotic	controls

Table I
Specific surface area, initial rates of iron reduction and *speci-
fic rates of iron reduction normalized for surface area of 1 m2 
and cells density equivalent to 1.0 absorbance unit (oD600)

 Mineral Sa [m2 g–1] r0 [mg dm–3 h–1] rsp [μg m–2 h–1]*

 Goethite 30 0.095 0.89
 Hematite 5 0.053 3.03
 Lepidocrocite 73 3.0 11.64
 Maghemite 87 2.83 9.24
 Magnetite 13 1.44 31.45

Fig. 4.	 Bacterial	leaching	of	lepidocrocite	(squares),	maghemite	
(circles)	and	magnetite	(triangles).	symbols	represent	the	means	
of	 triplicate	 incubations	±	standard	 deviation.	 Curves	 indicate	
the fit of a second order power function used to determine initial 
rates.	open	symbols	 indicate	chemical	 leaching	of	 these	mine-
rals	in	abiotic	controls
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C6H12o6 + 24 Fe3+ + 6 H2o → 6 Co2 + 24 Fe2+ + 24 H+ (3) 

the bacteria grew exponentialy with a specific growth rate 
μ = 0.024 h–1. in this period, the specific rate of iron reduction 
calculated to an absorbance unit was 250	mg dm–3 h–1. after 
the exponential growth phase, the specific rate of iron reduc-
tion started decreasing. The bacteria completely reduced fer-

ric iron to ferrous iron within 48 hours. after the depletion of 
Fe3+ the bacterial growth has stopped because of the absence 
of any available electron acceptor in the medium.

Conclusions
Iron reduction in natural conditions, in suboxic zones 

and aquifers, is caused by several abiotic and biotic processes. 
Iron reducing bacteria make use of Fe(III) as an electron ac-
ceptor from the oxidation of organic matter. Solid iron com-
pounds undergo reductive dissolution, which affects the per-
sistence and mobility of metals, phosphates, radionuclides, 
and organic pollutants4.

The rate and the extent of bacterial reduction of Fe(III) 
oxihydroxides could be affected by several factors, mainly by 
the composition of microbial population, the kind of the iron 
mineral, and the sorption affinity of bacterial cells to mineral 
surface17. In addition, the rate of iron reducing could be in-
hibited by adsorption of Fe2+ ions from the solution onto the 
mineral surface or the surface of bacterial cells. This work 
deals with the kinetics of five synthetic iron minerals´ leach-
ing by acidophilic heterotrophic iron- reducing bacteria. The 
kinetics of chemical and bacterial leaching depends on the 
solubility of minerals that follows from the degree of crys-
tal structure’s coordination. The initial rates of solid Fe(III) 
reduction normalized to a biomas and mineral surface unit 
were in the range from 0.89 to 31.45 μg m–2 h–1. The leaching 
rates decreased in the following order: lepidocrocite > ma-
ghemite > magnetite > goethite > hematite (Table I). accord-
ing to these results, hematite presents the most refractory 
from the studied minerals. 

the maximal observed specific rate of solid ferric iron 
reduction calculated to biomas unit was 4.3	mg dm–3 h–1. The 
specific rate of bacterial reduction of soluble Fe3+ calculated 
to biomas unit reached 250	mg dm–3 h–1. The rate of soluble 
iron reduction was incomparably higher than the rates ob-
served at solid ferric compounds rates reduction. In the case 
of solid phases, the rate determining step is the dissolution of 
iron ions from the solid phase into the solution.
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introduction
Due to oncoming fossil fuel depletion, attention is nowa-

days paid to alternative resources, especially the renewable 
ones. Their major handicap is a limited possibility of the 
utilization compared to current resources. Hydrogen, owing 
to great properties to easy and high-efficient conversion to 
electricity, is consequently regarded as a universal energy 
carrier. on this account, r & D of new methods to produce 
hydrogen, its transport, storage and utilization are the prio-
rities.

r e c a p i t u l a t i o n  o f  C u r r e n t  S t a t e
production and consumption of hydrogen is gradually 

increasing nowadays and it is expected to increase by 6 to 
10 % annually in next few years. Currently the hydrogen con-
sumption exceeds 50 billion normal cubic meters per year. 
In connection with changing conditions of world energy mar-
ket, the structure of particular national energetic conceptions 
is also changing, leading in an effort to employ the sources 
with high efficient energy conversion and simultaneously 
small or even no amount of produced pollutants. It is credi-
table that these changes are demanded and widely supported 
also at the politic level. The technology of fuel cells is closely 
connected with hydrogen utilization and generally works at 
high efficiency and upon zero emissions of carbon dioxide 
and also other pollutants. another hydrogen advantage is 
high variability of its production. It can be produced from 
all fossil or regenerative fuels and also nuclear energy. This 
flexibility and high efficient and clean utilization give hyd-
rogen its giant power and promising future. Concerning dis-
tribution of hydrogen, it can be transported as a compressed 
gas or liquefied. Liquefied hydrogen is preferred for big 
amounts and for long distances because of higher energy cost 
for liquefaction. Compressed hydrogen can be transported in 
pressure flasks or gas pipelines. Co-distribution of hydrogen 
and natural gas is discussed as a possibility of distribution 
hydrogen during a transition period to hydrogen economy.

C o - D i s t r i b u t i o n  o f  H y d r o g e n  w i t h 
n a t u r a l  G a s

For a transport of the gaseous hydrogen pipelines can 
be used similarly to natural gas. However there is not suff-
iciently wide distribution net nowadays. That is reason why 
hydrogen and natural gas co-distribution is considered in 
existing pipelines system. There were several practical expe-
riments, which confirmed possibility to co-distribute up to 
5 % vol. hydrogen in natural gas, without any influence on 

gas industry devices. it means no essential modification on 
transit pipelines, regulating stations etc. In case of local pipe-
lines it is not necessary to fear of hydrogen addition, since 
in the past, coal gas, which contains up to 50 % vol., was 
successfully distributed. Co-distribution of hydrogen with 
natural gas may be in transition period very advantageous 
because of several reasons: (i) current gas pipelines are able 
to provide sufficient capacity for hydrogen supply without 
additional costs, (ii) emission of pollutants (Co, nox) pro-
duced by existing gas appliance can be considerable lowered, 
causing positive environmental effect especially in bigger 
agglomerations.

r e l a t e d  L e g i s l a t i o n
Considering addition of hydrogen to natural gas, safe 

and trouble-free operation of gas appliances must be ensu-
red. There are two main regulations in the Czech republic: 
tPG 902 02 regarding requirements for gas quality and čSn 
en 437 regarding gas appliances testing. tPG 902 02 defines 
quality grade and testing of gaseous fuels with high methane 
content. it restricts hydrogen content to 2 % mol. it implies 
impossibility of distributing hydrogen in natural gas in higher 
concentrations. according to čSn en 437 a gas with hydro-
gen content 23 % vol. is applied during testing to examine 
appliance for flame stability or in different word danger of 
backfiring. up to 2% difference in Wobbe index is allowed.

experimental
The main purpose of the research was an evaluation 

of emission characteristics of various hydrogen–natural gas 

Table I
Composition of used gas mixtures

 Component nG 10 % H2 20 % H2 30 % H2

 φ(CH4) [% mol] 97.93 90.58 78.41 69.97
 φ(C2H6) [% mol] 0.777 0.719 0.772 0.684
 φ(C3H8) [% mol] 0.263 0.243 0.262 0.233
 φ(i–C4) [% mol] 0.044 0.041 0.044 0.040
 φ(n–C4) [% mol] 0.049 0.045 0.049 0.044
 φ(i–C5) [% mol] 0.010 0.009 0.010 0.009
 φ(n–C5) [% mol] 0.008 0.007 0.008 0.007
 φ(C6) [% mol] 0.002 0.002 0.002 0.001
 φ(H2) [% mol] – 7.26 19.52 28.26
 φ(Co2) [% mol] 0.059 0.055 0.068 0.061
 φ(n2) [% mol] 0.855 0.984 0.81 0.676
 φ(o2) [% mol] – 0.054 0.043 0.024

Table II
properties of used gas mixtures

 attribute nG 10 % H2 20 % H2 30 % H2

 Hi (15 °C) [MJ m–3] 34.15 32.32 29.48 27.40
 Hs (15 °C) [MJ m–3] 37.91 35.93 32.88 30.63
 W (15 °C) [MJ m–3] 50.34 49.27 47.85 46.82
 d (15 °C) [–] 0.567 0.532 0.472 0.428
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mixtures. Furthermore, the determination of optimal volume 
concentration interval that can be reliable operated under 
conditions in the Czech republic were demand. results 
should be a basis for evaluation of possibility to co-distri-
bute hydrogen with natural gas. It should be possible also to 
prove expected lowering of pollutants production. Conclusi-
ons should be applicable especially in relation to end user and 
their gas appliances.

e x p e r i m e n t a l  a r r a n g e m e n t
Measurements were carried out on two standard and 

one condensing boiler, which should also provide data about 
benefit of using condensing boilers in respect of specific 
emission of Co and nox. Standard boilers were represented 
by top supported Therm 12 S with nominal heat output 15 kW 
and stationary viadrus G27 ID with nominal heat output  
32–37.5 kW. Condensing boilers were represented by Junkers 
ZSB 16-1 a CeraSMarT with nominal heat output 16.1 
kW. Several model mixtures from 1.5 % vol. up to 40 % vol. 
of hydrogen in natural gas were examined.

The Therm boiler was observed in two operational 
regimes: half and full heat output, the viadrus boiler was 
examined at full heat output. Measured quantities were com-
position of inlet gas (gas chromatography Hewlett-packard 
6890 with tCd and Fid), composition of flue gas (analyzer 
Horiba pG 250, o2, Co2, Co, nox) and continuous heat 
output measurement. Flue gas was sampled by portable sam-
ple treatment unit PSS-5 with heated inlet filter, heated tef-
lon hose, teflon membrane gas pump and Poltier gas cooler. 
experimental arrangement is shown on Fig. 1.

results
In Table I, compositions of inlet gases are summarized. 

also values of lower heat value (Hi), higher heat value (Hs), 
relative density (d) and Wobbe index (W) calculated accor-
ding to ISo 6976 are shown.

The results of experiment are average weight concent-
rations of carbon monoxide and nitrogen oxides 

(expressed as no2) for normal reference state 
(t = 0 °C, p = 101325 pa), dry gas and reference oxygen con-
tent 3% vol. measured during 15 to 30 minutes intervals of 
steady state. The results are summarized in Table III and Iv.

Conclusions
The results prove lowering of weight concentrations of 

Co by hydrogen addition with an optimum concentration 
of hydrogen about 20 % vol. emission of Co was lowered 
to half for therm and to less than 10 % for Viadrus in the 
optimal case (Table III). In all occasions, the highest con-
centration of Co and nox was for natural gas without hyd-
rogen addition, which proves possibility to add hydrogen 
to natural gas to lower emission of pollutants. emissions of 
nox showed decreasing tendency with hydrogen addition 
in the whole interval. Therefore extension of measure inter-
val is desirable in future to at least 40 % vol. of hydrogen. 
even more interesting for evaluation of hydrogen effect on 
emissions are specific emissions per 1 kWh summarized in 
Table v and vI. It also proved the highest Co and nox emis-
sion by combustion of natural gas without hydrogen addition.  

Fig. 1.	 scheme	of	experimental	installation:	1	–	pressure	cylin-
der	with	gas	sample,	2	–	pressure	regulator,	3	–	gas	meter,	4	–	gas	
boiler,	5	–	duct	system,	6	–	gas	chromatograph,	7	–	heated	sam-
pling track, 8 – sample treatment, 9 – flue gas analyzer

Table III
Co emissions:  [mg m–3]

 Boiler nG 10 % H2 20 % H2 30 % H2

 Therm 19.8 15.8 10.8 10.2
 Therm (1/2) 44.8 20.8 24.0 30.9
 viadrus 6.4 2.0 0.5 1.7

Table Iv
nox emissions: [mg m–3]

 Boiler nG 10 % H2 20 % H2 30 % H2

 Therm 175 154 162 142
 Therm (1/2) 182 134 139 127
 viadrus 150 126 132 120

Table v
Co specific emissions: [mg kWh–1]

 Boiler nG 10 % H2 20 % H2 30 % H2

 Therm 22.1 17.4 11.8 11.0
 Therm (1/2) 50.0 23.1 26.2 33.5
 viadrus 7.1 2.2 0.5 1.8

Table vI
nox specific emissions: [mg kWh–1]

 Boiler nG 10 % H2 20 % H2 30 % H2

 Therm 195.7 170.5 177.3 154.0
 Therm (1/2) 202.9 147.8 152.5 137.1
 viadrus 167.6 139.6 144.2 130.2
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In the case of nox there was lowering up to 30 %, for Co 
even up to 70 %. Performed experiment showed possibi-
lity to combust mixtures of natural gas and hydrogen (up to 
30 % vol.) without operational problems i.e. backfiring. Hyd-
rogen addition causes Co and nox emission lowering in all 
observed cases.

This work has been partly supported by MSM 604 613 
73 04.
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introduction
kaolinite (al2(Si2o5)(oH)4) dehydroxylation processes 

have been studied for many years by many ways including 
thermal analysis1–8, molecular spectroscopy1, structural ana-
lysis1,9 and electron microscopy7,10.

The dehydroxylation of kaolinite is determined by diffe-
rent factor, such as degree of structural ordering, particle size 
and shape, adsorbed and substituted ions, mineral admixtu-
res, etc. also the influence of instrumental conditions (espe-
cially sample mass, heating rate and sample pre-treatment) 
on the decomposition is often discussed. another important 
experimental factor is the pressure2,5,6. It was observed that 
the temperature of the dehydroxylation effect shifts to lower 
temperatures as the reduction of particle size takes place2.

The thermal dehydration of hydroxyl-containing com-
pounds like kaolinite occurs in a formation of water molecules 
due to an interaction of neighboring oH groups. The water 
release from the octahedral coordinated al3+ ion could gene-
rate isolated oH groups5

The reaction path, which gives orthorhombic mullite 
from kaolinite, can be simplified to following simultaneous 
reactions7,11: 

400 700 C
2 3 2 2 2 3 2 2al o 2Sio 2H o al o 2Sio 2H o− °⋅ ⋅ → ⋅ +  (1)

925 1,050 C
2 3 2 2 3 2 22(al o 2Sio ) 2al o 3Sio Sio− °⋅ → ⋅ +  (2)

1,100 C
2 3 2 2 3 2 23(2al o 3Sio ) 2(3al o 2Sio ) 5Sio> °⋅ → ⋅ +  (3)

1,200 C
2 2Sio Sio (cristobalite)> °→  (4)

Dehydroxylation is splitting into two separate processes 
with Tmax about 550 and 600 °C. the first step was explai-
ned due to loss of “structural water” and destruction of the 
kaolinite sheet structure. The second step was discussed as a 
kinetically controlled recombination of alumina and silica to 
the meta-kaolinite structure5. 

The effect of particle size on course of dehydroxylation 
processes of washed na-kaolin Sedlec Ia were investigated 
by mid-infrared spectroscopy via series of isothermal experi-
ment on temperature range from 150 to 650 °C. ralatioship 
between particle size and primary spectroscopic variables, 
i.e. amplitude, peaks wavelength and half-width, of kaolinite 
spectral bands were evaluated.

experimental
k a o l i n

Washed na-kaolin Sedlec Ia from region karlovy vary 
(Czech republic) produced by Sedlecký kaolin a.s. was used 
in this study. Content of kaolinite is higher than 90 % wt. 
with equivalent diameter grain median in range 1.2–1.4 µm. 
The main impurities are mica group minerals and quartz. The 
colorant oxides content – hematite (α-Fe2o3) and tetragonal 
Tio2 (rutile), is lower than 0.85 and 0.2 % wt., respectively. 

The kaolin grain fraction with particle diameter 90–80 µm  
(f90–80), 80–71 µm (f80–71), 71–63 µm (f71–63), 63–50 µm 
(f63–50), 50–40 µm (f50–40) and undersize (f< 40) were used for 
FT-Ir experiments. This fraction was previously dried for 2 h 
at 150 °C due to removing of adsorbed water. the specific 
surface area of sample was 16.6 m2 g–1 (Chembet – 3000). 
Thermogravimetric weight loss (TG-DTa analyzer Setaram 
92–18) of applied kaolin is about 13.15 % wt.

I n f r a r e d  S p e c t r o s c o p y
Infrared spectra of samples were recorded in kBr pellets 

using FT-Ir spectrometer nicolet Impact 400 in the wave-
lengths range from 4,000 to 400 cm–1. Measurements were 
done under resolution 8 cm–1. 

Heat threaded samples were mixed with kBr with mass 
ratio 1 : 100. Mixtures were homogenized by grinding in mor-
tar dish. Weighted amount of these mixtures were pressed 
under 40 kpa for 20 s and next 80 kpa for 30 s.

D a t a  p r o c e s s i n g
all correction of spectra (smoothing, subtracting and 

fitting), mathematic and statistic operations were made with 
originpro 7.0 and Statistica 8.0 software.

results
The FT-Ir spectrum of dray kaolin is shown on Fig. 1. 

The data from refs.12–14 were used for interpretation of mea-
sured infrared spectra.The quadruplet of Ir bands in X-H 
stretching region (X = o, n, C) are ν1, ν2, ν3 a ν4 vibration 
modes of hydroxyl groups in kaolinite structure. the first 
three bands at 3,697, 3,669 and 3,655 cm–1 belong to stret-
ching of so-called outer hydroxyls (ouoH, inner-surface 
hydroxyls). the rest ν4(oH) vibration mode is assigned to 
stretching of inner surface hydroxyl (inoH). These groups 
are located on the shared plane between the octahedral and 
tetrahedral sheets of the same kaolinite layer.

The inner-surface hydroxyl groups show a strong in-
phase symmetric stretch at 3,697 cm–1 (ν1) with transition 
moment close to c* and two weak out of phase vibrations at 
3,669 (ν2) and 3,655 cm–1 (ν3) with transition moment in the 
(001) plane12. The oH groups bending and translation vib-
rations are located at 935 δ1(ouoH), 910 δ2(inoH) and 791, 
754 cm–1, respectively. 

There are three sharp bands at Si–o stretching region 
belonging to vibration of Si–o(apical) at 1,115 cm–1, sym-
metric stretching of Si–o–Si (siloxane bridge) at 1,033 cm–1  
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and asymmetric of Si–o–Si at 1,007 cm–1, respectively. Band 
of Si–o bending is located at 431 cm–1.

The other kaolinite bands in the spectrum on Fig. 1. 
are relatet to o–al–oH (698 cm–1) and Si–o–al (537 and 
470 cm–1) in kaolinite structure. Bands at 643 and 588 cm–1 
probably belong to admixture of illite.

o H  S t r e t c h i n g  r e g i o n 
ir spectrum fitted over hydroxyl stretching region by 

Lorentz function is shown on Fig. 2. In addition to fundamen-
tal modes of oH groups (a–d) there was found small band at 
3,599 cm–1 (e), which probably belongs to admixtures in the 
sample – illite or goethite.

S i – o  S t r e t c h i n g  a n d  o H 
D e f o r m a t i o n  r e g i o n 

Loretz function gave no good results over this region 
thereby the first type Voight function was applied:

where y0 is offset, xc peak center, a amplitude, w width and 
mu shape factor of peak. Fitted spectrum is shown on Fig. 3.

D e h y d r o x y l a t i o n  o f  k a o l i n
The change of the spectra shape during thermal treat-

ment of sample in static oven atmosphere is shown on Fig. 4. 
for 50–40 µm fraction and on Fig. 5. for 71–63 µm fraction.

Dehydroxylation process is in generally accompanied 
with decrease oH stretching and bending bands. Stretching 
and bending modes of Si–o and al–o bond show loses of 
their selectivity. The details about kaolinite spectra changes 
during course of dehydroxylation process we are already 
described in ref.15.

Fig. 1.	 subtracted	ft-ir	spectrum	of	kaolin	sedlec	ia	for	the	
f50–40	fraction

Fig. 2.	 fitted	 spectrum	 in	 the	 o–h	 stretching	 region	 for	 the	
f50-40 fraction of dried kaolin Sedlec Ia: ν1(ouOH) (a), ν2(ouoh)	
(b), ν3(ouOH) (c), ν4(inOH) (d) and ν(OH) of admixtures in the 

(5)

Fig. 3.	 fitted	 spectrum	 in	 si–o	 stretching	 and	 o–h	 bending	
region	of	kaolin	sedlec	ia	(f50–40): ν(Si-(apical)O) (a), νs(si–o–si)	
(b), νas(Si–O–Si) (c), δ1(O–H) (d) and δ2(o–h)	(e)

Fig. 4.	 subtracted	spectra	of	burning	kaolin	sedlec	ia	(fraction	
f50–40)
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p e a k s  S p e c t r o s c o p i c  v a r i a b l e s 
–  T h e  o – H  S t r e t c h i n g  r e g i o n

The progress of the primary spectroscopic parameters, 
i.e. amplitude, half width and peak’s center, of ν1(ouoH) and 
ν4(inoH) Ir bands during kaolin thermal were compared. 
The dependence of peak’s amplitude on the temperature and 
particle size is shown on Figs. 5. and 6.

While peak’s amplitude as well as its area is related to 
amount of hydroxyl groups in sample, the peaks width pro-

vides information about level of hydrogen bonds interaction. 
The width of bands increase together with extends of inter-
molecular interaction, whereas the peak’s center is degreased. 
relation of peak’s half-width on the temperature and particle 
size is shown on Figs. 7. and 8.

Peak´s amplitude and half-width show the significant 
positive correlation on the level p < 0.05. value of correlation 
coefficient was calculated on 0.405. 

The dependence of peak’s center on the temperature and 
particle size is shown on Figs. 9. and 10.

Fig. 5. Dependence of ν1(ouoh)	peak’s	amplitude	on	the	tem-
perature	and	particle	size

Fig. 6. Dependence of ν4(inoh)	peak’s	amplitude	on	the	tem-
perature	and	particle	size

Fig. 8. Dependence of ν4(inoh)	peak’s	width	on	the	tempera-
ture	and	particle	size

Fig. 7. Dependence of ν1(ouoh)	peak’s	 width	 on	 the	 tempera-
ture	and	particle	size
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p e a k s  S p e c t r o s c o p i c  v a r i a b l e s 
–  T h e  S i – o  S t r e t c h i n g  r e g i o n

The band of symmetric stretching of Si–o bond in 
siloxane bridge (Si–o–Si) at wavelength ~ 1,033 cm–1 was 
pursued. among other leads the thermal inducted processes 
during dehydroxylation of kaolinite to increasing of shape 
factor (mu) of applied voight function (1). Further sample 
heating leads to lose selectivity of νs and νas vibration.

Conclusions
the ν1(ouoH) and ν2(inoH) sharp spectral bands were 

used for dehydroxylation process study, because these stretch 
band can be fitted with good accuracy and selectivity they 
isn’t lose absorbtion selectivity during dehydroxylation.

The reason for peak’s amplitude decrease and its re-
entry increase on temperature interval 200–350 °C is pre-
dehydroxylation process, which according several authors8, 
takes place on the temperature interval from 160 to 360 °C, 
i.e. this process precluding dehydroxylatin.

For ouoH groups has influence of predehydroxylation 
process on the shape of spectra decreased with growing par-
ticle size (see Fig .5.). this effect is insignificant for inner 
hydroxyl groups. Smaller particles show more slowly loosing 
of inoH groups than bigger (see Fig. 6.).

The intensive van der Wals force for the biggest par-
ticles at low temperature is caused by capillary water, while 
small particles are already exsiccated. There is visible signi-
ficant influence of pre-dehydroxylation process on the peks 
half width (see Fig. 7.).

For small particles were interactions between inoH 
groups decrease with temperature more quickly than bigger 
particles (see Fig. 8.).

van der Wals force going to be stronger during pre-
dehydroxylation process. The most intensive hydrogen bonds 
interaction between outer hydroxyls was found for tempera-
ture interval from 200 to 300 °C and the particles smaller 
than 60 µm. The process of pre-dehydroxylation takes place 
on this temperature interval.

Smaller particles are more sensitive to pre-dehydroxyla-
tin, but dehydroxylation proceeds faster. Isolated oH groups 
are formed via this process and peak’s wavelength during 
heating increase more rapidly than in the case of bigger par-
ticles (see Fig. 9.).

Inner hydroxyl groups show the minimum extent of 
hydrogen bonds interaction about 500 °C, this correspond to 
starts of the second dehydroxylation step, i.e. recombination 
of alumina octahedron and silica tetrahedron (see Fig. 10.).

the influence of dehydroxylation process on the shape 
of infrared spectrum was also evaluated from shape factor of 
peak of asymmetric stretching of Si–o bond. Increasing of 
mu value with growing temperature means that peak’s shape 
more approaching to Lorentz function profile.

This work has been supported by MŠMT poject NPV 
– NHV – 1 number 2B08024.
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introduction
Very fine powder materials are used widely in applica-

tions of material engineering, chemical industry, industry of 
building materials, food processing industry, production of 
pharmaceuticals and in various other areas. In all the here 
above areas of application, the use of very fine powder mate-
rials is conditioned by their granulometry: the contents of 
particles above the defined limit is usually strictly restricted, 
respectively the presence of finer particles than defined, i.e. 
particles below the defined limit – for example the highest 
acceptable content of pulverous share. In both of the here 
above cases, for separation of coarse particles from the finer 
particles, a series of sorting processes are used. Those pro-
cesses are applied to the given very fine powder material in 
the form of a dispersion or suspension in the gaseous medium 
or liquid medium. 

one of the basic ways of grain-size classifying of very 
fine powder materials used in the industry is the “dry” way 
of sorting of particles of materials dispersed in the flow of 
gas in the air classifiers. those air classifiers (often known as 
“air separators”) are based on the principle of competition of 
centrifugal forces and adrifting forces. 

the very often discussed limits defined for working 
regimes of classification in the air classifiers1 are the fol-
lowing:

the required classifying sharpness 
adhesive forces of sorted materials
the maximal classifying fineness attainable in operation 
processes
abrasion

Hereinafter, we will deal with the attainable fineness of 
classified materials and classifying sharpness of air classi-
fiers.

experimental
D e f i n i t i o n  a r e a

air classifiers with cylindrical rotor – see Fig. 1. and 
Fig. 2. – represent the type of classifying equipment that ena-
bles us to attain the maximal sorting effectiveness of very fine 
powder materials under the here above conditions of “dry” 
industrial classifying.

Functional critical balance of forces causing the move-
ment of sorted materials is established on the level of the 
radius of the cylindrical turbine in case of uniform motion of 
particles in a straight line way with a constant speed relative 

•
•
•

•

Fig. 1. Air classifiers function: 1 – Input material hopper, 2 
– Feeder, 3 – Classifying chamber, 4 – Suction air filter, 5 – Air 
flap, 6 – Cyclone clarifier, 7- Centrifugal blower, 8 – Beg dust 
filter, 9 – Coarse share bin, 10 – Fines bin,11 – Powder fines bin, 
12 – Pulsating flick air, 13 – Classification air outlet

Fig. 2. Classifying cylindrical turbine of air classifiers

Fig. 3. The balance of forces in the course of particles classifi-
cation	for	dcr
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to the sorting turbine blades. This balance depends on and 
is given by just and only the centrifugal and adrifting forces 
then. The adrifting forces are represented by the aerodynamic 
forces of the resistance of the particle to its relative move-
ment in the centripetal flow of air in the classifying turbine 
(Fig. 3.).

the balance of forces is defined by the relations2,3  
(1)–(6):

(re)C f=  (3)

22centr circF m v D= ⋅ ⋅  (6)

where: 
C [–] – resistance coefficient taking into account gas flow 
round the particle,
dcr [m] – Critical particle size, 
d75F [m] – particle dimension which corresponds to the 
passed 75% wgt amount of the fine share 
D [m] – effective diameter of classifier turbine,
m [kg] – The particle mass of the critical grain dimension dcr, 
n [min–1] – turns of classifier turbine,
qd [%] – Particle size amount 
S [m2] – Frontal cross-section plane of the critical dimension 
particle,
 vair [m s–1] – Gas flow that drags solid particles into classifier 
turbine, 
vcirc [m s–1] – Peripheral velocity of classifier turbine on its 
effective diameter, 
ρ, ρf  [kg m–3] – Specific mass of classified solid, gas stream 
density,
µ [pa s] – Gas stream viskozity 
re [–] – reynolds number,
Tmod [–] – modified tromp number. 

 
the classification sharpness (7) corresponds to the modi-

fied tromp definition3 based on the grain-size curves analysis 
(Fig. 4.).

mod 75 25F RT d d=  (7)

e x p e r i m e n t a l  F a c i l i t y  a n d 
C l a s s i f i e d  M a t e r i a l 

Pilot plant air classifier Hosokawa alpine atP-50 
(Fig. 5.) 

Grain sizer: granulometr La-500 Horiba (Japonsko).
Classified material : surface treated carbonate filler on 

the basis 2Va omYa Vápenná a.s., the specific weight of 
which equals ρ = 2.72 kg m–3; with additional surface treat-
ment by higher fatty acids on the level of 0.3 % wt. (Fig. 6.). 

M e a s u r e m e n t  p r o c e d u r e
the here above carbonate filler was classified in and by 

the air classifier. in the course of the process, the following 
variables were changed4: Turns n of the classifying turbine, 
the input minp of sorted material incoming into the classifier 

(1)

(2)

(4)

(5)

Fig. 4. Definition of the classification sharpness

Fig. 5. Pilot plant air classifier

Fig. 6. Grain sizing curve of the filler at the inlet area of the 
classifier
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as well as the speed w of the classifying air incoming into 
the classifying turbine. The evaluated parameters dcr and Tmod 
were obtained from the grain sizing curves of the coarse and 
fine shares of the classified material. 

We concentrated especially on the classification of the 
finest particles of material, i.e. on the area with the highest 
turbine speed attainable in the sorting equipment used.
results

The iterative calculation of the relations (1)–(6) in 
excel® mode provided us the way to establish the classifica-
tion process area (Fig. 7.). out of the figure the following is 
evident: the combinations of the turns range of the classifying 
turbine n and the velocity of the classifying air w are needed 
to attain the required fineness of classifying defined by the 
size of the coarsest particles dcr 

The analysis of the deviations of the really measured 
values from calculated values as well as the analysis of the 
airflow around the particles of material under the conditions 
of the transition region as well as the changes in the mor-
phology of particles of real material will be specified in a 
separate publication. 

This article deals especially with the limiting conditi-
ons under which it is possible to attain the highest fineness 
of classification. out of the results we have achieved in the 
course of the measurements, we show here just the time 
dependence of the values of classification sharpness Tmod in 
the area of the highest fineness of the classified material and 
the maximal turns of the classifying turbine with the opti-

mal material input (Fig. 8.). The theoretical (i.e. calculated) 
fineness of sorting dcr set by regulating the velocity of the 
classifying air is shown here as a parameter.

Conclusions
the attainable level of the fineness of classification 

depending on the type of the classified material and the size 
of the classifiers amounts to several micrometers5, the paper6 
cites 3µm and the latest catalogue of the products made by 
the world-renowned company Hosokawa alpine7 mentions 
2,5 µm. What is the reason for this limitation? Why is it not 
possible to move the limits of the air classifying towards the 
higher fineness when attaining higher turns of rotors of the 
classifiers cannot be a principal problem these days and when 
the present technologies require particulate solids of higher 
fineness? the solution to these questions is evidently contai-
ned in the analysis relating to Fig. 8.

the chart shows that the classificatio sharpness between 
the fine and coarse share of the classified material decreases 
significantly with the set fineness of sorting. as the higher 
theoretical fineness is set in the classifying system at the gi-
ven turns of the classifying turbine by the decreasing of the 
velocity of the classifying air incoming into the classification 
process, the problem is to keep the regular, relatively very low 
flow rate of the classifying air in the blades of the classifier at 
the extremely high turns of the classifying turbine. The mea-
sured values of the time dependence (Fig. 8.) show that the 
conditions for keeping regular conditions are getting worse 
with the increasing time of classification. Significant change 
for the worse is evident especially at the initial phase of clas-
sifying. on the basis of the computer simulation4 (Fig. 9.) we 
assume that in the course of the classification process, at the 
peripheral area of the classifying turbine, a barrier layer of 
critical grain of material is created that partially restrains the 
movement of the finer fractions that have been sorted out into 
the exhaust of those shares that is located in the axis of the 
classifying turbine.

as the hypothetical barrier layer of the critical grain 
of material has to restrain the sorting air flow into this tur-
bine, we anticipate the occurrence of the pressure pulsation 
(and therefore also a flow rate pulsation) of the classifying 
air that carries the coarser particles into the finer fractions.  

Fig. 7. Attainable classification fineness as a function of the 
velocity	of	the	classifying	air	w	and	turns	of	the	classifying	tur-
bine	n

Fig. 8.	 time	 dependence	 of	 the	 classifying	 sharpness	 in	 the	
area of the highest fineness of classifying

Fig. 9.	 Creation	of	a	barrier	layer	in	the	classifying	process	of	
very fine particulate solids
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This is the mechanism that we use to explain the irregulari-
ties of the conditions under which the classifying air flows 
into the classifying system. Due to that mechanism, it s no 
more possible to achieve higher fineness in the processes of 
air classifying today. We arrived at the following conclusion: 
any evidence that would prove occurrence of the hitherto 
hypothetical barrier layer of the critical sizes of grain of the 
classified material might result in changes in constructions 
and processes that could enable us to overcome the fineness 
classificatio limits of the present air classifiers.
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introduction
reactions between thiosulfate and ions of metallic 

elements in solution have been repeatedly studied, several 
papers being published, for instance1,2,3,4,5.

The theory of the method of continuous variations as gi-
ven by Job is reviewed and extended to cases in which more 
than one compound is formed from a given pair of compo-
nents.

The method was applied to the formation of CuS2o3. 
The absorption of the monochromatic light was the property 
measured in this case. Because only a single compound is 
formed, the results are independent of the wave length of the 
light used. Job’s method was used to identify the intermediate 
compound formed by the reaction of the two components. 

Cu2+ and S2o3
2– react in a 1 : 1 ratio, consistent with the 

formation of CuS2o3(ref.6)
The reaction between Cu(II) and thiosulfate ions results 

from the formation of an intermediary complex, CuS2o3, 
similar with the complex FeS2o3

+.
It’s considered:
Cu2+ + S2o3

2– ↔ CuS2o3  k = k1/k2
CuS2o3 + S2o3

2– → Cu+ + 4o6
2–  k

where the seconds step is determined by speed.
The formation of the reaction intermediate develops fast 

both ways, which implies the following relation between the 
speed constants: k1, k2 >> k.

The concentration of the reactions’ intermediate is the 
one that corresponds to the equilibrium for the first process, 
just as the first one does not happen. 

Due to the fact that the second process takes place, 
the concentration of the reaction’s intermediate is close the 
equilibrium one, no exactly it, but the approximation of pre-
equilibrium is considered the one appropriate to this equili-
brium7.

The formation of this complex can be followed spectro-
photometrically, but the time of this reaction is very small 
(10–50 ms), therefore for the study of the formation of 
CuS2o3 was used the stopped-flow technique.

experimental
r e a g e n t s

all chemical used were analytical grade, from B&a 
and were used without further purification. the dilution of  
 

Cu(Clo4)2, na2S2o3 and HClo4 (60%) were made with 
doubly distilled water.

a p p a r a t u s
a stopped-flow apparatus7 was used.	The essential parts 

are: two syringes needed to rapidly inject the reactants into 
the mixing chamber, manually. after leaving the mixing 
chamber the mixture flows into a third syringe whose piston 
is suddenly stopped after a predetermined volume of soluti-
ons has been injected. at the moment the flow is stopped, a 
micro switch operated by the third piston triggers the oscil-
loscope of the detection system. 

on the osscillogramme the variation of transmitted 
light intensity It through the solution, depending on time, 
for known reactant concentrations (Fig. 1.) is followed. The 
intensity of light at the maximum transparency, I0, was also 
recorded.

For each set of concentrations of the two reactants 
there have been at least 20 experiments, the reproduci-
bility of the experimental data obtained being very good 
even for really small concentrations of the reactants.  
([Cu2+] = 5 × 10–4 mol dm–3; [S2o3

2–] = 5 × 10–4 mol dm–3).

results	and	Discussion
according to the Lambert-Beer Law, extinctions at 

different concentrations of the Cu(Clo4)2, na2S2o3 were 
computed. Many experimental records were done for con-
centrations of [Cu(Clo4)2] = [5 × 10–4, 10–1] mol dm–3, 
[na2S2o3] = [5 × 10–4, 10–1] mol dm–3, for wavelength 
λ = 430 nm.

The measured absorption at 430 nm, e, is made out of 
contributions of the colored species, which in our case is just 
the reaction’s intermediate CuS2o3:

E = ε l [CuS2o3]
where the optical way is l = 1.2 cm.

The extinction of the solution has been calculated for the 
mixing period,	E0 = log (I0/It)0. The initial concentrations of 
the reactants are identical in all determinations; therefore the 

Fig. 1.	 the	 variation	 of	 transmitted	 light	 intensity	 i(V)	
with	 respect	 to	 time	 t	[s]	 for	 [Cu2+]	=	5	×	10–3	mol	dm–3;		
[s2o3

2–]	=	5	×	10–3	mol	dm–3; λ = 430 nm; T = 21 °C
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influence of the pre-equilibrium on the experimental reaction 
order could be fully manifested. 

So, for example, with concentrations of [Cu2+] = 
5 × 10–3 mol dm–3, [S2o3

2–] = 5.10–3 mol dm–3 and 
[HClo4] = 2 × 10–2 mol dm–3, wavelength λ = 430 nm and 
T = 21 °C, I0 = 1,493.5 mv. The curve of formation the reac-
tion intermediate is given in Fig. 2.

The calculus for the determination of the reaction order 
was made using Mathlab sheets. e = f(t) (Fig. 2.), lg (e) and 
1/e = f(t) were represented graphically as well as de/dt, 
which is a measure of the reaction rate.

using these data, the reaction order with respect to the 
colored complex was calculated. The plots of logarithm of the 
rate vs. the logarithm of the extinction gave straight lines with 
slopes 1, as it is illustrated by Fig. 3., where the reaction order 
n = 0.98 was calculated with initial concentrations of 5 × 10–
3 mol dm–3 for both reactants in aqueous acidic solution (2 × 10–
3 mol dm–3 HClo4), wave length λ = 430 nm and t = 21 °C. 

 In conclusion, the reduction of Cu2+ with ions of thio-
sulfate is a reaction with pre-equilibrium, from kinetic point 
of view 8,9.

another set of experimental data are presented in 
Table I.
Conclusions

the applications of the stopped-flow technique are 

numerous. any reaction, which can be initiated by mixing 
two solutions, can be studied by the stopped-flow technique 
as far as the reaction is a rapid one.

This studies show that the formation of the copper thi-
osulfate complex (CuS2o3) from the rapid redox reaction 
between Cu(II) and thiosulfate ions proceed at 21.0 °C is 
a first order reaction.
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PetrograPhy	of	the	loŠtiCe	Pottery

MIroSLava GreGerová, MarTIn HLoŽeK and 
DaLIBor všIanSký
Institute of Geological Sciences, Faculty of Sciences, Masa-
ryk University, Kotlářská 2, 611 37 Brno, Czech Republic.
mirka@sci.muni.cz

introduction
The 15th and 16th century ceramic vessels covered with 

“blebs” called the Loštice pottery (see Fig. 1.) represent 
unique products of the mediaeval and early modern Central 
european pottery. These tumblers were exported abroad and 
become famous in the whole europe. Workshops producing 
this pottery were located in the village Loštice in the north 
Moravia (Czech republic). used raw material came from 
nearby villages’ districts. 

The presented research is aimed at the raw materials’ 
identification, the examination of the Loštice pottery chemi-
cal and mineralogical composition and technological produ-
ction process.

The paper summarizes the results of micropetrographic, 
geochemical and experimental examination of the mediaeval 
pottery from Loštice. The original tumblers’ (based on shape 
and raw material petrographical composition they have been 
divided into five groups), assumed raw material (clay and 
loess) and also the experimentally fired vessels were subject 
to chemical analyses, optical and scanning electron micros-
copy (SeM) and energy dispersive (eDX) analyses. The 
firing temperature and the affect of garnets on the formation 
of “blebs” were experimentally examined. 

analyses	of	the	loštice	Pottery	artifacts	and	raw	mate-
rials
a n a l y t i c a l  M e t h o d s

SeM and eDX analyses were done on Cameca SX 100 
equipment (at 15 kv and 10 na)

•

Chemical silicate analyses were done in the aCMe labo-
ratories in vancouver, Canada. The complete analysis of 
main oxides was done via ICp-emission spectrometry 
and trace elements via ICp-MS 
Some of the samples were analysed by so called wet 
analysis
recalculations on normative minerals were done using 
the MInLITH software 
optical microscopy; analyses were carried out using 
covered thin sections on olympus BX 51 petrological 
polarising microscope

C h e m i c a l  C o m p o s i t i o n  o f  t h e 
a s s u m e d  r a w  M a t e r i a l  a n d 
a r t i f a c t s

Silicate analyses were done to evaluate the complex che-
mical composition of the original raw materials. eight origi-
nal ceramic artifacts, two assumed raw material samples and 
four samples extracted from the furnace vault were exami-
ned. Graphical results – see Figs. 2. and 3.

•

•

•

•

Fig. 1.	 the	 loštice	 pottery.	 Collections	 of	 the	 moravian	
museum	in	Brno

Fig. 2.	 normative	composition	of	examined	artifacts	and	raw	
materials	calculated	from	the	chemical	silicate	analyses

Fig. 3.	 normative	 composition	 of	 examined	 artifacts	 calcu-
lated	from	the	microchemism	of	glass	and	binder.	analyzed	by	
P.	sulovský
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Explanations to Figs. 2. and 3.: 
L1 – raw material (grey clay containing graphite)
L2 – raw material (loess soil)
L3 and L7 - ceramic artifacts of the (020) group
L4, L5 and L6 – ceramic artifacts of the (010) group
L8 – ceramic artifacts of the (030) group
L9 – ceramic artifacts of the (040) group
L10 – graphite ceramics of the (050) group
23/0 – 23/3 – samples extracted from the furnace vaults. 

Chemical analyses of the 23/0, 23/1, 23/2 and 23/3 samples 
were done on CAMECA SX100 micro analyser. Chemical 
analyses of the L1–L10 samples were done by wet silicate 
analysis.

The recalculation results show that the (010), (020), 
(030) and also (040) pottery groups’ chemical composition is 
very similar. Seven visually different samples (coming from 
all the five pottery groups) were chosen to verify the applica-
tion of normative minerals for the identification of the Loš-
tice pottery raw materials. 

It is evident that the normative minerals recalculations 
from silicate and eDX analyses correspond to each other. 

the presence of graphite (identified by chemical analy-
ses and also by optical microscopy) represents the evidence 
of graphitic raw material application. The sorted out graphite 
clasts of high quality might have been used for graphitic pot-
tery production. The material of lower quality, so called waste 
(clasts containing less graphite and more micas and iron oxi-
des), might have been a suitable non-plastics supplement in 
the case of vessels covered with “blebs” (i.e. especially of 
the (010) pottery group). In the artifacts of the (010) group, 
graphite was present in the amount of 0.2–1.9 % wt.

except of cordierite also sekaninaite and osumilite were 
be identified there – see tablei. Fig. 5. documents that these 
are new-formed crystals formed from the melt. along with 
them, spinelides (magnetite, magnesioferrite and hercynite) 
occur in the pottery. 

In some artifacts of the (040) group, relict garnets were 
determined – pyrope (94.6 % of pyrope and 4.4 % of alman-
dine component).

The surface red colour of the (010) pottery group is cau-
sed by iron enamel with the melting addition. except of one 
case, the enamel did not contain pb. It is very probable that 
also the other enamels were alkalical and contained the addi-
tion of washed brick clay, which is responsible for the red up 
to red-purple colour of the enamel. The addition of iron clay 
did not have to be high. In the case of the Loštice pottery, 
the red colour was also caused by the interlayer under the 
enamel.

experimental	firing	
Miniature replicas of the Lošice pottery were made of 

local loess and clay soils found during the archaeological 
works. The raw material corresponds to tertiary deposits in 
the surroundings (e.g. in Litovel), which were also mined for 
the pottery production in later periods. Graphite was added 

in a form of graphitic clay. The graphitic pigment improves 
the clinkering properties of ceramic body. The bodies were 
always white, with grey streaks in the cross section. apparent 
darker colour of the clay is explained by re-deposition of the 
raw material. 

The difference between clay and loess is evident even 
macroscopically. Brownish colour of the fired body is caused 
by iron oxides. 

The raw materials were mixed with water. as non-plas-
tics, a garnet (almandine) concentrate was added to the cera-
mic paste. 

to reach the specific surface colour, the dried replicas 
were coated with an engobe layer containing minerals of iron 
and melting addition before the firing. the firing was carried 
out in oxidation furnace at 1,250 °C.

the high melt content during the firing caused collapse 
of the vessels made of loess (see Fig. 4.). 

Fig. 4. Experimental firing of the Loštice pottery miniature 
replicas.	the	collapsed	vessels	were	made	of	loess	soil

Fig. 5.	 “Bleb”	in	the	loštice	pottery	of	the	(020)	group	(sample	
no.	l	3)	lined	with	a	thin	layer	of	spinel	and	glass	matter	contai-
ning	a	new-formed	cordierite.	Photo	by	r.	Škoda
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The experiments bring the evidence of the use of alman-
dine. The Loštice pottery replicas undisputedly display 
macroscopically the same “blebs”, which are found in the 
original vessels. The correspondence of the mineralogical 
composition of the replicas and the original artifacts has been 
proven by optical and electron microscopy and microchemi-
cal examination of the new-formed phases (compare Table I 
and Table II).

Discussion
The basical plastic raw material corresponds to clay with 

a low content of very fine graphite (5–8 % wt.). the origi-

nal raw material (pottery clay) from Loštice was used for the 
experiments. The products made of clay were able to resist 
high temperatures without a shape deformation. on the other 
hand, the utilization of local loess has been disproved by the 
experimental firing. the replicas made of loess collapsed at 
the temperature about 1,200 °C. 

The opinion that the “blebs” on the pottery surface form 
by the decomposition of sulphides contained in the graphite 
from Svinov (měchurová, čejka, zalabák 1992) has also 
been disproved by the experiment. The replica made of soil 
extracted from a pottery workshop did not contain any sur-
face “blebs” after the experiment. The “blebs” only appeared 

Table I
Chemical composition (eDX) of cordierite (Mg2al3[alSi5o18]), sekaninaite ((Fe2+

1.5Mg0.5) al3[alSi5o]1)8) and osumilite  
(k0.75na0.25Fe2+

1.5Mg0.5)al2.25Fe3+
0.75[Si9al3o30])

 Sample L 3 L 5 L6 L 11 L 15 L 3 L 5 L 9 L-19 L-24
 Mineral/oxide Cordierite Sekaninaite osumilite
 Sio2 47.6 49.3 47.6 47.1 47.3 58.6 59.8 60 56.5 54.5
 Tio2 0.2 0.1 0.4 0.1 0.1 0.1 0.8 1.1 1.7 1.6
 al2o3 36.5 32.6 33.8 32.3 32.4 11.6 18.4 23.2 13.3 14.7
 Feo 7.7 7.2 8.5 14 16.7 20.3 15.8 6.6 20.2 15.7
 Mno 0.1 0.1 0.1 0 0.1 0.1 0 0.1 0.2 0.4
 Mgo 7.8 9.1 8.7 4.9 3.2 0.6 0.9 3.1 0.4 1.4
 Cao 0.1 0 0 0 0 0.9 1.2 1.2 2.7 3.5
 na2o 0 0.2 0 0.1 0 0.8 0.2 0.7 0.2 0.7
 k2o 0.3 0.6 0.2 0.4 0.5 4.5 2.7 4.1 3.6 3.2
 Cl           0   0.1 0  
 F           0 0   0  
 Bao           0.2 0 0.1    
 p2o5 0.1   0 0   0.1   0    
 Total 100.5 99.3 99.4 99.1 100.3 97.8 100 100.4 98.8 95.7
 nakCa                    
 na 0 0 0 0   0.1 0 0.1 0.1 0.3
 k 0.3 0.1 0 0 0.1 0.9 0.6 0.9 0.8 0.7
 Ca                 0.1 0
 sum 0.3 0.1 0 0 0.1 1 0.6 1 1 1
 FeMgMn                    
 Fe(ii) 0.6 0.6 0.7 1.2 1.5 1.6 1.5 1 1.4 0.9
 Mn 0 0 0 0 0 0 0 0 0 0.1
 Mg 1.2 1.4 1.3 0.8 0.5 0.2 0.2 0.8 0.1 0.4
 Ca           0.2 0.2 0.2 0.4 0.7
 al 0.1 0 0 0   0 0   0.1  
 Subtotal 1.8 2 2 2 2 2 1.9 2 2 2.1
 FealTi                    
 al           1.3 2.4 2.9 1.1 1.2
 Ti           0 0.1 0.1 0.2 0.2
 Fe           1.5 0.4   1.6 1.6
 Subtotal           2.8 2.9 3 3 3
 Sial                    
 Si 4.8 5 4.8 4.9 5 10.8 10.6 10.2 10.3 10
 al 4.2 4 4.1 4.1 4 1.2 1.4 1.8 1.7 2
 Sum 9 9 8.9 9 9 12 12 12 12 12
 o 18.1 18 17.9 18 17.9 30.2 30 30.3 30.3 30.1
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on the surface of replicas made of a raw material with the 
addition of almandine. 

the experiments proved that the firing temperature rea-
ched 1,200–1,250 °C. The number and appearance of “blebs” 
depends on the content and chemical composition of alman-
dine (garnet) in the raw material mixture. The reaction of 
almandine garnet (decomposed on almandine and pyrope 
components) with kaolinite can be summarized by the fol-
lowing equation:

Mg2+
3al2Si3o12 + 3Fe2+

3al2Si3o12 + 8al2Si2o5(oH)4
 → (1)
2Mg2+

1.5Fe2+
0.5al4Si5o18 + 8Fe2+al2o4 + 6H2o + 18 Sio2

The composition of spinel, formation of cordierite, sekani-
naite and possibly osumilite depends not just on the garnet com-
position but also on the original plastic raw material (abbott, 
Clarke 1979, Green 1977).

Conclusion
The results show that the technology of the Loštice pot-

tery production was completely different than described in 
older papers (e.g. měchurová, čejka, zalabák, 1992). 

the firing temperature of the Loštice pottery was nearly 
300 °C lower than mentioned by měchurová, čejka and 
zálabák (1992) based on Xrd identification of cristobalite 
(1,470 °C). Cristobalite already forms at temperature above 
1,000 °C. 

The mineralogical analyses of the artifacts and the expe-
riments showed that the cause of “blebs” formation was the 
addition of almandine.

This research has been supported by the MSM 
0021622427 research project “Interdisciplinary reserch of 
prehistory to late mediaeval cultures”.

Table II
Chemical composition (eDX) of cordierite (Mg2al3[alSi5o18]), sekaninaite ((Fe2+

1.5Mg0.5) al3[alSi5o]1)8) and osumilite  
(k0.75na0.25Fe2+

1.5Mg0.5)al2.25Fe3+
0.75[Si9al3o30]) in ceramic miniature replicas of tumblers experimentally fired at the tempe-

rature of 1,250 °C

 Sample/oxide 1/1 1/2 1/3 1/4 1/5 2/1 2/2 4/1 4/2 4/3 4/4 4/5 4/6
 Sio2 47.6 47.3 47.9 44.6 47.1 56.0 52.5 51.1 51.7 51.7 47.7 50.7 48.9
 Tio2 0.2 0.2 0.2 0.2 0.2 0.4 0.2 0.1 0.0 0.1 0.1 0.2 0.2
 al2o3 34.0 34.5 33.5 36.0 34.3 24.4 27.3 32.0 32.5 32.5 29.2 32.3 36.2
 Feo 7.7 7.2 7.8 8.5 7.7 14.4 14.0 3.3 2.6 3.6 1.9 4.3 3.2
 Mno 0.1 0.0 0.1 0.1 0.1 0.2 0.3 0.1 0.1 0.1 0.1 0.1 0.1
 Mgo 8.9 9.1 8.6 9.1 8.7 2.0 3.6 11.9 12.3 11.4 4.1 11.2 10.7
 Cao 0.1 0.0 0.0 0.0 0.1 0.3 0.2 0.1 0.1 0.1 15.8 0.4 0.0
 na2o 0.1 0.2 0.1 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0
 k2o 0.7 0.9 0.7 0.9 0.8 0.9 0.4 0.2 0.3 0.2 0.1 0.5 0.3
 p2o5 0.0 0.0 0.0 0.0 0.0 0.3 0.1 0.0 0.0 0.1 0.0 0.1 0.0
 Total 99.3 99.5 99.1 99.6 99.2 98.9 98.6 98.8 99.6 99.7 99.4 99.7 99.7
 nakCa             
 na 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0
 k 0.0 0.1 0.1 0.1 0.1 0.2 0.1 0.0 0.0 0.0 0.0 0.1 0.0
 Ca 0.0 0.0 0.0 0.0 0.0 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
 Sum 0.1 0.1 0.1 0.1 0.1 0.3 0.1 0.0 0.1 0.0 0.1 0.1 0.1
 FeMgMn             
 Mg 1.3 1.4 1.3 1.4 1.3 0.5 0.6 1.8 1.8 1.7 0.6 1.7 1.6
 Fe 0.7 0.6 0.7 0.7 0.6 2.3 1.3 0.3 0.2 0.3 0.2 0.4 0.3
 Mn 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
 Ca 0.0 0.0 0.0      0.0 0.0 1.2 0.0 0.2
 Subtotal 2.0 2.0 2.0 2.1 1.9 2.8 1.9 2.1 2.0 2.0 2.0 2.0 2.0
 FealTi             
 al      3.0       
 Fe 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
 Ti 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
 Subtotal 0.0 0.0 0.0 0.0 0.0 3.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
 Sial             
 Si 4.8 4.8 4.9 4.5 4.8 9.9 5.6 5.1 5.1 5.1 4.9 5.0 4.8
 al 4.2 4.2 4.1 4.5 4.2 2.1 3.4 3.9 3.9 3.9 4.1 4.0 4.2
 Subtotal 9.0 9.0 9.0 9.0 9.0 12.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0
 o 18.0 18.0 18.0 17.9 17.9 30.5 18.2 18.2 18.1 18.1 18.0 18.1 18.0
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Slovak Republic,
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Introduction
nanocrystalline lead sulphide is an important part  

of opto-electronic devices such as light emitting diodes  
and solar cells1,2. one of the most problematic issues of par-
ticles prepared by mechanochemical synthesis is their ten-
dency for an aggregation, and this problem makes it very diff-
icult to obtain particles with a high degree of dispersity. the 
dispersity is characterized by the particle size distribution, the 
particle’s shape and morphology as well as their interfacial 
properties3. Stearic acid C17H35cooh is a fatty acid that was 
used as a process control agent for mechanochemical synthe-
sis of different nanocomposites where the sticking of synthe-
sized particles and mechanical alloying was delayed4,5. also 
the additional parameters of the mechanochemical synthesis, 
as the time of mechanochemical synthesis and intensity of 
milling (mill revolutions) strongly influence the resulting 
particle size distribution. the reason for this behaviour lies 
in the different dependencies of nucleation and growth rates 
on supersaturation3. Several authors used statistical factorial 
design methods for conditions optimalization of the process 
under study.6–9 this factorial plan examines the given area 
thoroughly because it involves all possible combinations  
of levels of watching factors and provides the determination  
of an optimum value of search function from minimum num-
ber of the experiments. one of the frequently used factorial 
design method is the 1st order model fitting 2nd (n-number 
of factors). on the basis of solving of factorial plan designed 
matrix, it is possible to obtain objective function:

0 1 1 2 2 3 3 12 1 2 13 1 3

23 2 3 123 1 2 3

Y b b b b b b

b b

x x x x x x x

x x x x x

= + + + + + +

+ +  
(1)

the aim of this study was a statistical experiment 
design of PbS mechanochemical synthesis with determined 
response–mean particle size and three independent factors: 
time of milling, mill revolutions, the amount of stearic acid 
and to detect the interaction factors that can affect the output 
parameters.

Experimental
M e c h a n o c h e m i c a l  S y n t h e s i s

mechanochemical synthesis of PbS particles was per-
formed in a planetary mill Pulverisette 6 (Fritsch, Germany) 
by high-energy milling of lead acetate and sodium sulphide 
with stearic acid (SA) as the process control agent in the air 
according to the reaction10:

( )3 2 2 22

3 2

ch coo Pb 3h o na S 9h o

PbS 2ch coona 12h o

⋅ + ⋅ →

+ +  
(2)

the following constant conditions were used: load-
ing of the mill with 50 balls of 10 mm diameter; material 
of milling chamber and balls: tungsten carbide; weight of 
(CH3COO)2Pb . 3H2o: 4.75 g; weight of na2S . 9 H2o: 3.01 g; 
temperature: laboratory. After the completion of reaction (2), 
the PbS nanoparticles have been washed and dried. 

the particle size distribution of mechanochemically 
synthesized PbS particles was measured by a particle size 
analyzer hELoS (Sympatec Gmbh, Germany) with wet 
dispergation unit SucELL 12LA. mean particle size of PbS 
particles was determined according to a mathematical model 
that is based on spherical systems.

D e s i g n  o f  E x p e r i m e n t
One 23 factorial experiment with the mean particle size 

D = Y as a response of mechanochemically synthesized PbS 
and 3 independent variables: time of milling-tM, mill revolu-
tions-n and weight of stearic acid-mSa used as factors x1, x2, 
x3 was performed. in table i are introduced the basic level, 
variation interval of selected factors and two factor levels 
which were assigned to each of three factors x1 = tM, x2 = n 
and x3 = mSa and these levels were varied in all kinds of com-
bination.

Eight experiments of PbS mechanochemical synthe-
sis were performed. their conditions are specified in the 
table ii. 

table i
Levels of independent variables (factors)

 Factor level x1 = tM [min] x2 = n [min–1] x3 = mSa [g]
 Basic level – x0i  8 400 0.09
 variation interval – 2 100 0.05
 Δxi
 Low level – xLi  6 300 0.04
 high level – xHi 10 500 0.14

table ii
Specified conditions of PbS mechanochemical synthesis 
experiments

 trials series n° x1 = tM [min] x2 = n [min–1] x3 = mSa [g]
 1 6 300 0.04
 2 10 300 0.04
 3 6 500 0.04
 4 10 500 0.04
 5 6 300 0.14
 6 10 300 0.14
 7 6 500 0.14
 8 10 500 0.14
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Results
The 1st order model fitting predicting the values of 

mean particle size was found, where the coefficients repre-
sent the measure of the effects of variables x1 = tM, x2 = n 
and x3 = mSa. the mixed terms x1x3 and x2x3 indicate the 
measure of mutual interactions between the variables. the 
designed matrix, observed responses and predicted values 
are introduced in table iii and the regression coefficients of 
model function are in table iv. variance of reproducibility 
Sre

2 of the mean particle size values of synthesized particles 
is 0.014 calculated from experiments performed in the centre 
of experiment (trials 9 to 14 from the factorial experiment), 
the mean value of Y equal to 1.33 μm respectively). on the 
basis of Sre

2 value, the variance of regression coefficients or 
parameters of model function, Sbi

2 was calculated, that equals 
to 0.0098. the values of Student’s test-t were calculated 
according to the formula:

2

i
i

bi

b
t

S
=

 
(3)

the value of this t-test defines the significance of the 
regression coefficient: regression coefficient is significant if 
the calculated value of Student’s test is greater than the table 
value, tα,f = 2.57(ref.11). After separation of insignificant 
regression coefficients the model function of PbS mechano-
chemical synthesis has the following form:

1 2 1 3 2 31.91 0.12 0.47 0.12 0.43Y x x x x x x= − − + −  (4)

the values of F-Fisher’s test were calculated because 
of verifying of the factors significance according to the for-
mula (5).

2

2
r e

iSF
S

=
 

(5)

According to Fisher test the factor is significant if the 
calculated value of F-test is greater than the table value 
F = 6.61(ref.11).

An adequacy of model function was verified by F-test 
that consist in a comparison of the variance reproducibility 
Sre

2 and the variance SaD
2 that is given by the variances of 

theoretical and experimental values of mean particle size 
Y = D, according to:

2

2
r e

AD
AD

S
F

S
=

 
(6)

the proposed model function sufficiently represents the 
course of mechanochemical synthesis process in examined 
region because the calculated FaD value equal to 1.24 is less 
than the table value of FaD = 5.41(ref.11).

it can be concluded from table iii, that the observed 
responses Yi

Or are in close agreement with predicted values 
Yi

PV of the model. it follows from the model function, that 
the mean particle size of PbS is mostly influenced by revolu-
tions of mill, less by time of mechanochemical synthesis and 
the weight of stearic acid did not influence the mean particle 
size in used range 0.04–0.14 g. the twofactors interaction 
between the revolution of mill and the amount of stearic acid 
has larger effect on the PbS mean particle size. the smallest 
mean particle size from the particle size distribution analysis 
point of view (table iii) can be obtained at trials 7 and 8  
of table ii, it means at high level of the factors – mill revolu-
tion and amount of stearic acid.

Conclusions
the role of the process control agent – stearic acid 

with the aim to decrease the ability of particles to create 
aggregates during the mechanochemical synthesis of PbS 

table iii
Designed matrix of PbS mechanochemical synthesis sys-
tem, observed responses – Yi

Or and predicted values – Yi
PV  

of mean particle size, D

 Trials         Yi
Or Yi

PV
 series x0 x1 x2 x3 x1x2 x1x3 x2x3 x1x2x3 [μm] [μm] n°
 1 1 –1 –1 –1 +1 +1 +1 –1 2.13 2.19
 2 1 +1 –1 –1 –1 –1 +1 +1 1.66 1.71
 3 1 –1 +1 –1 –1 +1 –1 +1 2.07 2.11
 4 1 +1 +1 –1 +1 –1 –1 –1 1.58 1.63
 5 1 –1 –1 +1 +1 –1 –1 +1 2.77 2.81
 6 1 +1 –1 +1 –1 +1 –1 –1 2.95 2.38
 7 1 –1 +1 +1 –1 –1 +1 –1 1.15 1.01
 8 1 +1 +1 +1 +1 +1 +1 +1 0.97 1.01
 9 0 0 0 0 0 0 0 0 1.25 1.25
 10 0 0 0 0 0 0 0 0 1.23 1.01
 11 0 0 0 0 0 0 0 0 1.23 1.01
 12 0 0 0 0 0 0 0 0 1.53 1.01
 13 0 0 0 0 0 0 0 0 1.36 1.01
 14 0 0 0 0 0 0 0 0 1.38 1.01

table iv
1st order model fitting results for PbS mechanochemical syn-
thesis with mean particle size, D as optimization parameter

  regression Si
2

  coefficients variance
 variable of model  due to t-Student’s F-Fisher’s
  function (1) factors and test test
  b0 bi. bij bijk

 factor
   interactions
 x0 1.91 0.5 60.83 36.34
 (constant)
 x1 –0.12 0.12 3.83 8.72
 x2 –0.47 1.75 14.99 127.80
 x3 0.05 0.02 1.59 1.45
 x1x2 –0.05 0.02 1.59 1.45
 x1x3 0.12 0.12 3.83 8.72
 x2x3 –0.43 1.5 13.72 109.01
 x1x2x3 –0.04 0.01 1.37 0.73
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in a planetary mill was studied. the 1st order model fit-
ting with the mean particle size-Y as a measured response 
and three independent variables: time of mechanoche-
mical synthesis-x1, revolutions of mill-x2 and weight of 
stearic acid-x3 was constructed and the model function 
Y = 1.91 – 0.12x1 – 0.47x2 + 0.12x1x3 – 0.43x2x3 was obtained. 
it resulted from this function that the mean particle size of 
synthesized PbS nanoparticles was most influenced by revo-
lutions of mill, less influenced by time of mechanochemical 
synthesis and the weight of stearic acid did not influence the 
mean particle size of synthesized PbS particles basically.

The research activities were kindly supported by Slo-
vak Grant Agency VEGA (project 2/0035/08), the Slovak 
Research and Developing Agency (project 0347-06) and 
Center of Excellence of Slovak Academy of Sciences (project 
NANOSMART).
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Introduction
multicomponent ceramic materials have a variety of 

industrial applications. types of application are strongly 
depended on the properties such as mixed ionic and electro-
nic conductivity, transport properties, ability working at 
severe reducing conditions and elevated temperatures. the 
main purpose for study and producing of multicomponent 
ceramic oxides are applications in syngas production, oxy-
gen membranes or components of SoFcs. these properties 
are interdependent on the way of preparation. in general the 
routes of preparation can be divided into two groups. the 
first one is “wet” chemical routes. there are typical methods 
as precipitation synthesis, sol-gel processes then the novel 
ones as self-combustion reactions – glycine nitrate processes 
(GnP)1,2, spray pyrolysis or Pechini synthesis3. otherwise 
the conventional synthesis based on solid state reactions are 
still frequently applied as well4,5. this study is focused on 
the preparation of multicomponent perovskite system La – Sr 
– Fe – ti – o by several methods. System La – Sr – Fe – ti – o 
belongs to materials with high oxygen transport and suffici-
ent mixed conductivity at high temperatures.

Doped lanthanum ferrites were studied by tsipis 
and all.6. they observed the high mixed conductivities in  
La1–xSrxFeo3–δ when x = 0.5. the high strontium content 
determined the high conductivity values but is associated 
with poorer thermodynamic and chemical stability under the 
large oxygen chemical potential gradient. the way to improve 
the stability in higher temperatures is partial substitution of 
iron by redox-stable cations such as transition metals e.g. tita-
nium and chromium or cobalt what was published by several 
authors7,8. the work is focused on the preparation and study 
of composition of La – Sr(ca) – Fe – ti – o perovskites.

Experimental
P o w d e r  P r e p a r a t i o n

Perovskite systems La0.2Sr0.8Fe1–xTixO3–δ (LSFt) and 
La0.2Ca0.8Fe1–xTixO3–δ (LcFt) (x = 0.2 – 0.4) were synthe-
sized by two methods. conventional solid state reaction and 
glycine-nitrate process (GnP) were used. 

the oxides and carbonates of appropriate metals were 
used as starting material for SSr the suspensions of oxides 
in isopropanol in stechiometric ratios (table ii) were milled 
in planetary ball mill for 24 h then dried. these precursors 
were put to the furnace for SSr for 30 h at the temperature 
of 1,100 °C.

the nitrates and alkoxides of appropriate metals were 
used as starting materials in GnP process. the aqueous solu-
tions of each cation were mixed in stechiometric ratios and 

glycine was added at G/n ratio = 5/9. the concentrations 
are given in table 1. Synthesized precursor was calcined 
(950 °C 4 h–1) for decompositions of carbonates residues and 
SSr of oxide precursors.

P o w d e r  c h a r a c t e r i z a t i o n
the phase composition was determined by X-ray 

diffraction analysis. kco wavelength (X´pert. Philips. nethe-
rlands). the morphology of powder products was studied by 
scanning microscopy (SEm XL 30. Philips. netherlands). 
the composition was determined by EDS detector of scan-
ning microscopy (SEm XL 30. Philips. netherlands). the 
specific surface area (SSABEt) was determined by the BEt 
method (chembet. Quantachrome. uSA). Particle size was 
calculated from BEt values.

Results
All materials obtained by SSr and GnP process were 

composed of one phase products. the properties of synthesi-

table i
the data used for preparation of suspensions for compositi-
ons (x = 0.2, 0.4)

Starting Concentration Concentration
 materials [mol dm–3] [mol dm–3]
  La0.2Sr0.8Fe1–xTixO3–δ La0.2Sr0.8Fe1–xTixO3–δ

  x = 0.2 x = 0.4 x = 0.2 x = 0.4
 La2O3 0.0838 0.0940 0.1158 0.1162
 SrCO3 0.7507 0.7565 – –
 CaO – – 0.9255 0.9345
 Fe2O3 0.3752 0.2837 0.4627 0.3508
 TiO2 0.1876 0.3783 0.2314 0.4671

table ii
the data used for preparation of solutions

 Starting materials Concentration[mol dm–3]
 La(no3) . 9H2O 1.2269
 Sr(no3)2 3.0741
 Fe(no3)3 . 9H2O 1.8444
 Ti(C2H6O)4 0.3074
 Glycine 1.0775

table iii
Properties of synthetized powders

 Sample XrD rietveld BEt Particle
   analysis [m2 g–1] size [μm]
 SSr x = 0.2 cub. Pm3m 1.00 1.08
 LSFt x = 0.4 cub. Pm3m 3.00 0.36
 SSr x = 0.2 orth. Pbnm 1.60 0.67
 LcFt x = 0.4 orth. Pbnm 1.00 1.08
 GnP x = 0.4 cub. Pm3m 5.20 0.21
 LFSt
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zed powders are given in table iii. Powders prepared by con-
ventional solid state reaction are phase pure and the particle 
size was in range of 300 nm to 1.2 μm. the perovskite sys-
tem La0.2Sr0.8Fe1–xTixO3–δ was single phase with cubic lat-
tice symmetry (space group Pm3m). the perovskite system 
La0.2Ca0.8Fe1–xTixO3–δ was single phase with orthorhombic 
lattice symmetry (space group Pbnm).

the XrD patterns of ceramic powders of several com-
positions are given in Fig. 1.

the multicomponent system was analysed by EDS SEm 
and the compositions are given in table iv.

Systems synthesized via both methods were single 
phase with cubic lattice symmetry (space group Pm3m). The 
temperature of formation of pure phase was different for 
each of method. the solid state reactions were performed at 
1,100 °c and for 30 hours. the glycine/nitrate combustion 
synthesis occured several minutes after evaporation of water 
and was followed by SSr at 950 °c for 4 hours. the particle 

size of prepared powders is depended on method which was 
used. in case of SSr the particle size was around 360 nm 
and 210 nm for GnP process. the SEm micrographs of 
La0.2Sr0.8Fe0.6Ti0.4O3–δ are given in Fig. 2.

Conclusions
the single phase multicomponent ceramic systems were 

successfully prepared via both methods – SSr and GnP. the 
particle size of synthesized powders was in the range of 0.21 
to 1.08 um and specific surface area in the range of 1.0 to 
5.2 m2 g–1.

This work has been supported by the Ministry of Edu-
cation, Youth and Sports of the Czech Republic (MSM 
0021630508).
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Fig. 1.	 XRD	patterns	of	synthetized	powders

table iv
chemical composition analysed by EDS SEm

 Expected compostition Determined composition
  (eDS SeM)
La0.2Sr0.8Fe0.8Ti0.2O3–δ La0.21Sr0.68Fe0.80Ti0.20O3–0.91
La0.2Sr0.8Fe0.6Ti0.4O3–δ La0.21Sr0.73Fe0.61Ti0.39O3–0.41
La0.2Ca0.8Fe0.8Ti0.2O3–δ La0.23Ca0.67Fe0.79Ti0.21O3–0.16
La0.2Ca0.8Fe0.6Ti0.4O3–δ La0.15Ca0.49Fe0.44Ti0.56O3–0.75

 (a) (b)
Fig. 2	 SEM	micrographs	of	syntetized	powders:	(a)	SSR	syn-
thesis	and	(b)	GNP	combustion	reaction
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Introduction
Diffusion barriers are a wide group of protective coa-

tings currently used for high temperature applications. they 
ensure an improvement of substrate surface stability against 
degradation processes closely related to the working environ-
ment, oxidation and hot corrosion mainly1. Generally, the 
effect of heat treatment is possible to be divided into the pro-
tective coating formation and degradation of the coating just 
formed2.

in principal, the diffusion coating production is based on 
thermodiffusion saturation of the substrates by aluminum or 
aluminum combined with other elements (e.g. Al-cr, Al-Si). 
A great variety of techniques for deposition of diffusion 
coatings were designed. regarding to the diffusion coating 
production costs, the powder mixtures with halide activators, 
circulating gaseous phase and slurry deposition techniques 
are prefered.

the first and the second technique use similar chemi-
cal process for aluminide coating formation (in a shortcut: 
activator decomposition, saturating gas formation, substrate 
surface saturation and diffusion coating growth) during 
annealing in relatively wide temperature range: from 500 °c 
to 1,200 °C3. nevertheless, to co-deposit aluminum in com-
bination with other elements, suitable pack activators and 
temperature range to create favourable conditions for coating 
formation must be found4,5. 

instead of the techniques mentioned above, the use of 
slurry deposition has a series of advantages. they are as fol-
lows: preparation of arbitrary elements powder mixtures,  
a shorter thermal cycles necessary to the coating formation, 
a possibility of local and large-size substrate coating deposi-
tion. the slurry is made of saturating elements powder mixtu-
res and of an organic binder. Diffusion annealing (commonly 
in the temperature range from 650 °c to 1,200 °c) ensures a 
complete burnout and volatilization of organic components 
without deteriorating the substrate and coating2,6,7. 

Experimental
Sheets of ni (nickel of commercial purity, 99.7 % wt. ni),  

ni-cr (commercial nichrome, ni-20 % wt. cr) and inconel 
713Lc were used as substrates. the substrate surface was 
ground with abrasive paper to #600, polished with 3 µm 
diamond paste and washed with acetone in ultrasonic cle-
aning bath for 15 min. Slurry was prepared by stirring a 
mixture of Al, Si powders (up to 90 and 45 µm in diameter, 
respectively) and amyl acetate based organic binder solution 

(100 ml to 38 g of Al and 32 g of Si powder) with propeller 
stirrer at 150 rpm for 15 min. viscosity of the slurry measu-
red by Ford cup (Ø 6 mm, 20 °c) was 13 s. the slurry was 
sprayed by hand onto the sheets’ surface. Specimens prepared 
this way were heated in a tube furnace with flowing argon-
gas atmosphere. heat treatment conditions were 200 °c 
60 min–1 (Ar-gas flow 9 dm3 min–1) to decompose organic 
binder and 1,000 °c per 0, 60, 120, 180, 360, 600 min (Ar-
gas flow 5 dm3 min–1) to investigate the intermetallic layer 
formation and development. After heating, the samples were 
cooled under Ar-gas flow to 550 °c and then in air to room 
temperature.

For microstructure observation, the scanning electron 
microscope (Philips XL30) was used. Elements interaction 
studies, based on energy dispersive microanalysis (EDAX), 
and layer thickness measurements by means of image  
analysis (niS Elements Ar 2.3) were performed. microhard-
ness tester (Lm 247At) was used for layers hardness deter-
mination.

Fig. 1.	 The	cross-sectional	SEM	images	of	coating	 formed	on	
Ni	after	annealing	at	1,000	°C;	 (a)	–	0	min,	 (b)	–	60	min,	 (c)	–	
180	min	and	(d)	–	600	min

Fig. 2.	 The	cross-sectional	SEM	images	of	coating	 formed	on	
Ni-Cr	after	annealing	at	1,000	°C;	(a)	–	0	min,	(b)	–	60	min,	(c)	
–	180	min	and	(d)	–	600	min
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Results
Figs. 1., 2. and 3. show SEm images of the course of 

diffusion coating formation on ni, ni-cr and inconel 713Lc 
substrates, respectively.

concentration change of the elements with depth from 
the surface to nickel-base substrates, measured by EDS, are 
depicted on Fig. 4. the coating transformation diagrams, 
based on image analysis measurements were constructed, see 
Fig. 5. hardness of the substrates decrease during annealing 
while the hardness of intermetallic layers is stable within 500 
to 950HV.

Conclusions
the first step of annealing is necessary for organic bin-

der decomposition. this leads to partial aluminum powder 
oxidation. intermetallic phases start to form when the tempe-
rature exceeds the Al-Si eutectic point.

relatively thin intermetallic layers of niAl and ni3al 
were produced at the moment when the temperature 1,000 °c 
was reached. the part of the coating, termed as “Al reserves”, 
is also intermetallic in this moment but with high degree of 
open porosity. this layer disappears at the expense of inner 
layers growth during the annealing dwell.

Silicon addition in the slurry is detrimental in the case of 
ni substrate (diffusion coating destroyed after 180min annea-
ling) and beneficial for ni-cr and inconel 713Lc (stabilises 
the lower cr-rich layer, forms cr-Si intermetallics and/or car-
bides, respectively).

The authors are grateful to the Ministry of Education 
(grants MSM002163058 and 2E08017) and Grant Agency 
of Czech Republic (grant GAČR 106/05/H008) for financial 
support.
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Fig. 3.	 The	 cross-sectional	 SEM	 images	 of	 coating	 formed	
on	Inconel	713LC	after	annealing	at	1,000	°C;	 (a)	–	0	min,	 (b)	
–	60	min,	(c)	–	180	min	and	(d)	–	600	min

Fig. 4.	 Concentration	change	of	the	elements	with	depth	from	
surface	 to	 substrate	 after	 annealing	 at	 1,000	°C	 for	 (a)	 0	min,	
(b)	600	min	on	Ni,	Ni-Cr	and	 Inconel	713LC	substrates	 (from	
the	top)

Fig. 5.	 Transformation	of	diffusion	coating	during	annealing	at	
1,000	°C	on	(a)	Ni,	(b)	Ni-Cr	and	(c)	Inconel	713LC	substrate
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Introduction
Great variety of surface modifications was developed 

in the effort to improve bearing steels’ surface properties.  
in order to achieve an improvement in performance of the 
bearings working at higher temperatures, the diffusion coa-
tings may be applied. the diffusion coatings are special 
group of surface modifications commonly used to improve 
the high temperature alloys’ surface protection against degra-
dation processes, closely related to the working environment 
(oxidation and hot corrosion, mainly)1.

Several deposition techniques were designed for the diff-
usion coating application. the most widely used techniques 
are coating in powder mixtures with halide activators or the 
in circulating gaseous phase. these techniques use similar 
chemical processes for diffusion coating formation, i.e. acti-
vator decomposition, saturating gas development, substrate 
surface saturation and diffusion coating growth. main disa-
dvantages of these techniques lie in the need for favourable 
multicomponent co-deposition conditions design and in the 
substrate surface corrosion damage during the coating forma-
tion (triggered by incomplete “saturation” halide gas decom-
position)2,3.

Application of the diffusion coatings using slurry  
is a widely used technique, as well. the slurry is made  
of saturating elements powder, such as Al, Al-cr, Al-Si, and 
of an organic binder. ready-to-use slurry could be applied  
by various methods, such as dipping, brushing or spraying 
onto the substrate surface. When the coating is applied onto 
the surface and dried, the heat treatment designed for pro-
tective layer formation follows4.

in this article, the influence of temperature on the sili-
con-alloyed aluminide diffusion coatings formation on the 
100cr6 bearing steel is investigated.

Experimental
the 100cr6 bearing steel was used as substrate. the sub-

strate was ground, polished and washed with acetone in ultra-
sonic cleaning bath. Slurry was made of 55 % Al + 45 % Si 
powders and of amyl-acetate based organic binder solution. 
the slurry was sprayed by hand onto the substrates’ surface.

Samples prepared this way were heated in a tube fur-
nace with flowing argon-gas atmosphere. the two-stage heat 
treatment for surface layer formation was employed; the first 
stage, i.e. low temperature dwell, to decompose the organic 
binder and the second stage, i.e. e. high temperature dwell, at 
800, 900 and 1,000 °C 3h–1 for intermetallic layers formation. 

 For microstructure observation, the light microscope 
(olympus GX71) and scanning electron microscope (Phi-
lips XL30) were used. Elemental interaction studies, based 
on energy dispersive microanalysis (EDS), glow discharge 
optical emission spectrometry (GD oES) and layer thickness 

Fig. 1.	 The	SEM	cross-sectional	 image	of	Al	and	Si	diffusion	
layer	after	annealing	at	800	°C	3h–1

Fig. 2.	 The	SEM	cross-sectional	 image	of	Al	and	Si	diffusion	
layer	after	annealing	at	900	°C	3h–1

Fig. 3.	 The	SEM	cross-sectional	 image	of	Al	and	Si	diffusion	
layer	after	annealing	at	1,000	°C	3h–1
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measurements by means of image analysis (niS Elements 
Ar 2.3) were performed. the intermetallics’ composition 
ranges were calculated from Al-Fe binary diagram.

Results
Figs. 1., 2. and 3. show SEm images of Al-Si diffusion 

coatings on 100cr6 substrate after annealing at 800, 900 and 
1,000 °c, respectively. changes in concentration of elements 
with depth, measured by EDS and GD oES, are presented in 
Figs. 4., 5., 6. and in Figs. 7., 8., 9. for each annealing tempe-
rature, respectively. the calculated phase composition results 
are presented in Figs. 10,. 11. and 12. Fig. 13. shows the 
thickness of the interdiffusion zone, evaluated by the image 
analysis from SeM images.

Conclusions
the Si alloyed aluminide layers after annealing at 800, 

900 and 1,000 °c were formed on the substrate of 100cr6 
bearing steel.

the coating after annealing at 800°c was divided into 
three continuous intermetallic layers separated by sharp  
Al and/or Si concentration gradient. concentration of Al and Si  

decreases slowly from the top of the coating towards the 
substrate. calculated intermetallics, i.e. FeAl3 + Fe2al5, 
FeAl + FeAl2 and FeAl were identified. the hardest “Si-
rich” layer (1,050 up to 1,100 hv0.025) was identified as 
FeAl + FeAl2.

Fig. 4.	 Composition	change	of	the	elements	with	depth	from	sub-
strate	to	surface	after	annealing	at	800	°C	3h–1,	measured	by	EDS	

Fig. 5.	 Compositional	variation	with	depth	 from	substrate	 to	
surface	after	annealing	at	900	°C	3h–1,	measured	with	EDS

Fig. 6.	 Compositional	variation	with	depth	 from	substrate	 to	
surface	after	annealing	at	1,000	°C	3h–1,	measured	with	EDS

Fig. 7.	 Compositional	variation	with	depth	from	surface	to	sub-
strate	after	annealing	at	800	°C	3h–1,	measured	with	GD	OES

Fig. 8.	 Compositional	variation	with	depth	from	surface	to	sub-
strate	after	annealing	at	900	°C	3h–1,	measured	with	GD	OES
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the coating after annealing at 900 °c was composed of 
two layers; the upper one (irregular and incompact), calcu-
lated as FeAl aluminide, and the lower one, Fe-Al solid solu-
tion, termed as interdiffusion zone.

After annealing at 1,000 °c, only the interdiffusion zone 
was formed.

the higher temperature was used the thicker the 
interdiffusion zone was observed. Annealing temperature 
under 900 °c has to be applied to produce stable and conti-
nuous surface layer.

This work has been supported by the MSMT (grants 
MSM002163058 and 2E08017), MPO (project TA3/151).
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Fig. 9.	 Compositional	variation	with	depth	from	surface	to	sub-
strate	after	annealing	at	1,000	°C	3h–1,	measured	with	GD	OES

Fig. 10.	 Phase	composition	of	Al	and	Si	 surface	 layers	calcu-
lated	on	the	basis	of	Al-Fe	binary	system	for	800	°C	3h–1

Fig. 11.	 Phase	composition	of	Al	and	Si	 surface	 layers	calcu-
lated	on	the	basis	of	Al-Fe	binary	system	for	900	°C	3h–1

Fig. 12.	 Phase	composition	of	Al	and	Si	 surface	 layers	calcu-
lated	on	the	basis	of	Al-Fe	binary	system	for	1,000	°C	3h–1

Fig. 13.	 Thickness	of	the	interdiffusion	zone
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Introduction
the growing interest is related to synthesis of reactive 

low-energy belite cements as an alternative to the conven-
tional Portland cement. cements composed by β-ca2SiO4 
(belite) represent great economic and environmental value, 
mainly because of co2 emission reduction and energy saving. 
many investigations have been realised in order to synthes-
ize belite cement1,2. Also, use of wastes and byproducts from 
coal combustion processes of fossil fuels in power plants and 
electric power stations as alternative secondary raw materials 
for synthesizing belite cements have become the hotspot in 
cement-concrete materials science at present3,4.

 in our previous works5,6, mechanochemical synthesis 
of belite precursors from coal fly ash/portlandite mixture has 
been reported. 

in this paper, hydrothermal method for structure and 
properties modification of fluidized coal fly ash for belite 
cement synthesis is presented

Experimental
M a t e r i a l s  a n d  M e t h o d s

Slovak coal fly ash of chemical composition (table i) 
from fluidized bed brown coal combustion in power plant 
Eno A (nováky) was used as raw material. in order to reach 
required finesses of coal fly ash the short termed milling 
in vibratory mill was carried out (1 min.). Starting mixture 
consisting of milled coal fly ash and cao (analytical grade 
reagent) with cao/Sio2 molar ratio of 2 was prepared by 
homogenization. 

initial mixture and demineralised water at a water-
to-solid ratio of 5 was hydrotermally activated in rotating 
autoclave A-08 at 175 °c and 200 °c during 2 and 4 hours, 
respectively. the products of hydrothermal treatment were 
filtered and dried at 55 °c during 24 h. 

the starting mixture and products of hydrothermal 
treatment were subsequently calcinated at temperatures of 
700 °c, 800 °c and 900 °c. crystalline phases development 
after hydrothermal treatment and heating of starting mixture 

and all products was characterized by XrD analysis (Dron 
6.0, technabsexport, russia).

Results	and	Discussion	
the main crystalline phases as anhydrite, calcite, quartz, 

lime and portlandite (Fig. 1.) were identified in starting mix-
ture.

Based on XrD diffraction patterns of mixtures after hyd-
rothermal treatment at different conditions, the optimal para-
meters were defined for formation belite precursors: 200 °c 
for 4 hours. the changes in integral intensities of XrD refle-
ctions of main crystalline phases (without anhydrite) of star-
ting mixture as a consequence of the hydrothermal treatment 
and subsequent calcinations can be seen in Figs. 2.–5. Forma-
tion of new profiles of low intensities corresponding to cSh 

table i
chemical composition of coal fly ash

 LI SiO2 Fe2O3 al2O3 CaO MgO O3
 [%] [%] [%] [%] [%] [%] [%]
 5.25 30.36 2.29 16.95 51.21 2.45 33.36
LI – loss of ignition

Fig. 1.	 XRD	diffraction	pattern	of	starting	mixture	consisting	
of coal fly ash and CaO (A – anhydrite, C – calcite, Q – quartz, 	
L	–	lime,	P	–	portlandite)

Fig. 2.	 XRD	diffraction	pattern	of	starting	mixture	after	hyd-
rothermal	treatment	at	200	°C	for	4	hours	(A	–	anhydrite,	C	–	
calcite, Q – quartz, t – tobermorite, X – xonotlite, CSH – calcium 
silicate	hydrate,	k	–katoite)
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phases as belite precursor as well as calcium silicates and 
aluminosilicates (tobermorite, xonotlite) after hydrothermal 
treatment of mixture was confirmed (Fig. 2). calcination of 
hydrotermally treated products (Figs. 3.–5.) showed that hea-
ting at 800 °c led to transformation of cSh phases to wol-
lastonite (cS) and belite phase (c2S). Formation of gehle-
nite which is known as a retarder of cement hydration was 
observed at 900 °c. As can be seen in Figs. 2.–5., the high 
cao content fixed in anhydrite wasn’t changed during the 
hydrothermal treatment and subsequent calcination and the 
same quantity of belite phase from cSh phase was reached. 

the reason of low cSh phase content after hydrothermal 
treatment and low conversion degree of precursors to belite 
consists in anhydrite that is a very stable compound. Appli-
cation of pre-treatment focused on decomposition of anhyd-
rite structure in coal fly ash at high temperature for obtaining 
higher amount of reactive cao could by successful but we 
preferred to use coal fly ash as raw material.

Conclusions
the obtained results confirm that the hydrothermal 

modification in combination with subsequent calcination is 
not suitable treatment of starting mixture based on coal fly 
ash with high anhydrite content for preparing belite.

This work has been supported by vEGA č. 1/3343/06.
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Fig. 3.	 XRD	diffraction	pattern	of	starting	mixture	after	hyd-
rothermal treatment (200 °C; 4 h) and subsequent calcination at 
700 °C (A – anhydrite, Q – quartz, CSH – calcium silicate hyd-
rate,	C2S	–	belite)

Fig. 4.	 XRD	diffraction	pattern	of	starting	mixture	after	hyd-
rothermal treatment (200 °C; 4 h) and subsequent calcination 
at 800 °C (A – anhydrite, Q – quartz, W – wollastonite, C2S 
–	belite)

Fig. 5.	 XRD	diffraction	pattern	of	starting	mixture	after	hyd-
rothermal treatment (200 °C; 4 h) and subsequent calcination 
at 900 °C (A – anhydrite, Q – quartz, W – wollastonite, C2S 
–	belite,	G	–	gehlenite)
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Introduction
the adverse effect of microbial activity on the long-

term performance of cement materials is often not consi-
dered, despite the fact that studies on the effect of microbial 
activity on concrete have been ongoing for many years1. The 
corrosion process is initiated by the conversion of sulphate 
to sulphide by sulphate-reducing bacteria2 (SrB) e.g. Desul-
fovibrio desulfuricans (Dvs.d) in anaerobic conditions. Dvs.
d. are chemoorganotrophic, strictly anaerobic and gramne-
gative bacteria. optimal growth conditions are in ph range 
6.5–7.3 and temperature range 30–37 °c. Sulphur-oxidising 
bacteria Acidithiobacillus thiooxidans (A.t.) were chosen for 
microbially influenced corrosion (mic) of concrete testing; 
because is most aggressive biological agents promoted3. A.t. 
as strictly autotrophic bacteria oxidizes sulphur and thiosul-
phate to sulphuric acid. optimal growth temperature was 
38–30 °c and ph has been in 2.0–3.5 range.

Experimental
B a c t e r i a  a n d  G r o w t h  c o n d i t i o n 

Sulphuretum simulated by A.t. and Dsv.d. under opti-
mal growth conditions were chosen for experimental plan. 
Bacteria Dsv.d. were isolated from a mixed culture obtained 
from the potable mineral water (Gajdovka spring, the locality 
kosice-north, Slovakia) and for the isolation and cultivation 
of these bacteria a selective nutrient medium DSm-634 was 
used. During their growth bacteria Dsv.d. produce a large 
amount of hydrogen sulphide that assures the maintenance 
of anaerobiosis5.

Sulphur-oxidizing bacteria A.t were isolated from the 
mixed culture obtained from the mine water (the shaft Pech, 
the locality Smolník, Eastern Slovakia) and the selective nut-
rient medium 9k6 was used for the isolation and cultivation 
of them. 

c o n c r e t e  S a m p l e s
concrete cylinder samples of a 25 mm diameter and 

20 mm height formed as a drilled core from real concrete 
cube using drilling mechanism StAm were used for experi-
ment. the cylinder specimens were polished.

u t i l i z e d  A p p a r a t u s
mic proceeded in laboratory reactor, where sulphure-

tum simulation (simultaneous effect Dvs.d. of and A.t.) was 
under way. Laboratory apparatus of 1 flask with SrB and  

1 flask as a trap for h2S that were mutually joined with 
reactor consisted. Active bacterial SrB was in first flask and 
the second flask cadmium acetate contained.

Four samples in the four beakers were into reactor 
inserted. First beaker was filled with waste water (1), the 
second with acid mine drainage (2), the third with A.t. cul-
tivating medium (3) and the fourth was with distilled water 
filled (4). the top of samples was by A.t. inoculated and on 
the bottom of reactor distilled water was poured. 

the samples were every 7 days inoculated by A.t. and in 
the same period the change of cultivating medium for Dvs.d. 
were realized.

M e t h o d s
the weight changes were determined by gravimetric 

method. ph changes in leachate were evaluated as differen-
ces between initial ph and final ph after the experiment. the 
values of leachate ph were by ph meter Phh-3X omega 
measured. the calcium concentrations in the solution were 
determined by atomic absorption spectrometry using varian 
SpectrAA-30 spectrometer. Structural concrete surface chan-
ges were observed by stereomicroscope Stm 723 Zoom.

Results
After 50 days the concrete samples were took out of their 

solutions, dried and the change of the weight was determined. 
the results are presented in table i.

ph value has been increased into alkali after experiment 
for all samples. the most increment was in sample (2) and (3) 
registered as is evident from table ii.

Because of activity of A.t. and bacterial production of 
H2SO4 by SrB, releasing of calcium from concrete matrix 
was expected. the calcium concentrations in the solution 
determined are presented in table iii.

table i
the change of concrete samples weight

  Weight of sample [g] change of weight
 Sample Before After [g] [%]  experiment experiment
 (1) 46.1876 46.3041 0.1165 0.25
 (2) 43.6003 43.4153 –0.185 –0.42
 (3) 21.1463 21.1925 0.0462 0.21
 (4) 25.0345 24.1245 –0.0914 –0.09

table ii
change in ph value in liquid leachate

 Leachate ph leachate
  initial ph Final ph
 (1) 9 10.24
 (2) 4 9.95
 (3) 4 10.24
 (4) 7.80 8.45
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ca was released from concrete matrix under influence of 
H2SO4 bacterially produced. consequently precipitations of 
CaSO4 white crystals were attached on the concrete surface 
as it was in instances of samples (1)–(3) as Fig. 1 shows. 

the most considerable changes of concrete structure 
samples were visible on samples (1) and (2). For illustration, 
surface structure changes of sample (1) after 50 days are pic-
tured in Figs. 2. and 3.

For every sample except (4) was typical that some gravel 
components were completely removed and	were significantly 
eroded. it is visible in white crystals probably of gypsum, 
which are on the surface precipitated. Accept the change of 
color of sample (4) into grey, there were no changes observed 
at this sample.

Conclusions
concrete samples were under sulfuric acid influence 

corroded. the most considerable activity of microbially 
influenced corrosion degradation was on sample immerged 
into wastewater and into acid mine drainage. Experiment 
simultaneous effect of bacteria A.t. and SrB, which were the 
source of h2S has proven.

Acknowledgement: This work has been supported by 
Grant Agency of Slovak Republic (project No. 2/0075/08).
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table iii
calcium content in leachate

 leachate Ca [mg dm–3]
  before experiment after experiment
 (1) 87.14 8.4
 (2) 128.38 24.6
 (3) 45.7 37.6
 (4) 0 45.1

Fig. 1.	 CaSO4	white	 crystals	on	 the	 concrete	 samples	 surface	
(20 × 4.5 magnifications)

Fig. 2.	 Surface	of	concrete	sample	(1)	before	experiment	(mag-
nification 20 × 4.5)

Fig. 3.	 Surface	of	concrete	sample	(1)	after	50	days	experiment	
duration (magnifications 20 × 4.5)
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MarkéTa hErmAnová
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Introduction
thaumasite ca6Si2(SO4)2(CO3)2(OH)12·24(H2O) is an 

unusual mineral in that it contains silicon in 6-coordination 
with hydroxyl. it is sometimes classified as a silicate because 
it content silicon or as carbonate for presence of carbonate 
ions. But thaumasite belongs to sulfate class and to Ettringite 
Group for his similarity of crystal structure and properities 
with ettringite.

t h a u m a s i t e  F o r m a t i o n
Sulphate attack on concrete is considered as a source 

of damage. ingressing sulphate ions can react with minerals 
from the cement paste to form gypsum, ettringite or thauma-
site. these phases bind additional water and this effect leads 
to an increase in volume. if there is no space for such an 
expansion, micro-cracks are formed, the tension becomes hi-
gher than the tensile strength of the hardened cement paste, 
cracks are formed, which support access of sulphate ions and 
accelerate the process of destruction.

c o n d i t i o n s  o f  t h a u m a s i t e 
F o r m a t i o n 1

a source of c–S–h,
an external supply of sulfate ions,
a source of carbonate ions,
mobile water (condition pro transport iontů),
cool temperatures( < 15  °c),
molar ratio c/S (cao, Sio2), quantity of cao, ph, tem-
perature, humidity

Experimental	part
influence of moisture and enviroment temperature on 

interface of phases and creation rate of thaumasite was obser-
ved in these samples t6. Portland cement Sio2 was used as 
a source. Proportion of base mixture was designed to agree 
with materials that are used for production of concrete

•
•
•
•
•
•

Samples were composed from Portland cement, special-
milled quartz, caSo4

. 2 H2O, calcite CaCO3 and H2O.
Samples was storaged in four different conditions: 
t6vt – moisture, 25 °c; t6vz – moisture, 2 °c;  

t6st – dry, 25 °c; t6sz – dry, 2 °c
Formula dese6:

CaSO4
. 2H2O + H2O + CaCO3 + SiO2 + Ca(OH)2  (1)

→ caSio3
. CaSO4

. CaCO3.15H2O

Results
it appears from rtG analyses (table i) that thaumasit 

began to create in samples t6vz after 4 months. ideal con-
ditions for thaumasite creation are intense moisture and low 
temperatures. thaumasite was created in other 2 samples 
(t6sz, t6vt) after 10 months. in comparison of these samples 
we can observe, that low temperature is more essential for 
creation of thaumasite. it creates faster at these temperatures 
than at room temperature. c–S–h gel was created in sample 
t6vt, which can be considered as antecedent of thaumasite. 
this presumtion was confirmed after 10 months.

CSH + H2O + CO3
2– + SO4

2– + Ca2+  (2)
→ thaumasite + calcite(ref.3)

morfologies of samples t6sz and t6vz after 10 months 
are presented on these images. this follows that thaumasit 
has crystals in columns form of lenght 3 µm.

volume changes were occured at samples t6vz and t6sz, 
what is presented in the Fig. 3.. volume change resulted in a 
loss of coherence, samples were plastic, which is caused by 
hydration suppression of Portland cement at low temperatu-
res.

Picture from electron microscope (Fig. 4.) demonstra-
tes baculiform crystals in sample t6st, which was placed at 
laboratory temperatures and at dry enviroment. these crys-
tals can correspond to crystals of thaumasite. According to 
rtG analysis existence of thaumasite wasn´t confirmed. 
these crystals are in insignificant amount in comparison with 
other phases, which were created during observation, that´s 
why they weren´t recorded by rtG analysis. Samples didn´t 
change their volume during the observation.

table i
results of rtG analyses

 t6sz After 4 month gypsum calcite Sio2 –
  After 10 month gypsum thaumasite calcite Sio2
 T6st After 4 month calcite gypsum Sio2 portlandite
  After 10 month gypsum calcite Sio2 –
 t6vt After 4 month calcite Sio2 gypsum c–S–h
  After 10 month gypsum calcite Sio2 thaumasite
 t6vz After 4 month gypsum calcite Sio2 thaumasite
  After 10 month thaumasite gypsum – –
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Discussion
Preparation of thaumasite is long-term process of sta-

bilization of the whole system, when transformation of pri-
mary material via transiant phases (portlanit or c–S–h gel) 
to stable phases (kalcite, gypsum, eventually Sio2 and thau-
masite) is occured. 

During observation of thaumasite was discovered, that 
creation of thaumasite depends on physical conditions – low 
temperature below 10 °c and intense moisture. Dependence 
of moisture occured at samples t6, in the concrete at sam-
ples t6vz and t6sz, which were kept at low temperatures 
about 2 °c during the observation, t6vz in moist enviroment, 
t6sz in dry enviroment. From the rtG and SEm results of 
these two samples (table i) follows that presence of water 
accelerates creation of thaumasite due to easy availability of 
water, which is necessary for crystallization of thaumasite 
(15 molecules of water) caSio3

. CaCO3
. CaSO4

. 15H2O.
Dependence on temperature is visible at samples t6vz, 

t6vt. Phase composition of sample t6vt after 10 months was 

consistent with composition of sample t6vz, which was ana-
lysed after 4 months. It means, there is difference of 6 months 
and in comparison with the sample t1 1a (it has the same 
phase composition after 2 months, kept at low temperatures 
and in moist enviroment) there is diference of 8 months. this 
considerable difference is too perceptible between samples 
t6st and t6sz (see table i).
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Fig. 1.	 Picture	of	SEM	of	sample	T6sz	after	10	months Fig. 3.	 Comparison	of	 standard	 sample	 (left)	without	volume	
increase	and	sample	T6vz	with	volume	change

Fig. 2.	 Picture	of	SEM	of	sample	T6vz	after	10	months Fig. 4.	 Picture	of	SEM	of	sample	T6st	after	10	months
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Introduction
Production of new generation of aircraft gas turbine 

engines is based on designing new constructions and mate-
rials, which make it possible to operate under still more 
severe conditions. the key assembly of the engine is its tur-
bine, whose materials and design determine the tolerable gas 
temperature. increased inlet gas temperatures resulted in the 
shortening of the service life of the blades protected with diff-
usion coatings. new principles of coating deposition opened 
up new possibilities for purposive improvement of coating 
compositions and variation of their properties1.

A diffusion barrier from Al-Si layer was developed for 
turbine blades of aircraft engines from nickel-base superalloy 
ZhS6k as oxidation and corrosion protection. the main sub-
ject of the research is application of Al-Si protect layers to 
alternative materials as are in713Lc and in738Lc.

Experimental
this paper is focused on microstructure and chemical 

analysis of protective layers created by co-deposition of Al 
and Si (Al + Si spray application and diffusion annealing at 
950 °C for 4 h) on nickel-based superalloys in713Lc and 
in738Lc (chemical composition is shown in table i) after 
thermal and thermal-stress exposition. it also was observed 
an influence of Al-Si layer on mechanical properties of basic 
materials with and without Al-Si layer. 

An operational degrading process were simulated by 
high-temperature heat treatment (700 to 1,100 °c – 50 to 
1,000 h), by creep tests (750 to 1,000 °c under constant load) 
and low fatigue tests (at 800 °c).

Results
c r e e p  t e s t s  r e s u l t s

For the mutual comparison of the influence of Al-Si 
layer on creep-resistant properties for in 713Lc and 738Lc, 
we applied the L-m model2. A graphical comparison of stress 
versus Larson-miller parameter for the coated material by 
Al-Si layer and the uncoated material are shown in Fig. 1.

L o w - F a t i g u e  t e s t s  r e s u l t s
total strain controlled tests have been performed on 

cylindrical specimens of polycrystalline in713Lc. results of 
low cycle fatigue tests made at 800 °c on uncoated samples 

table i
Alloy chemical composition [% wt.]

 Element in713Lc in738Lc
 C 0.05 0.11
 Cr 12.08 15.86
 Ti 0.75 3.27
 al 5.91 3.31
 Zr 0.10 0.03
 nb 2.02 0.88
 ta < 0.05 1.65
 Mo 4.58 1.74
 W – 2.54
 co < 0.05 8.26
 ni Bal. Bal.

Fig. 1. The influence of Al-Si layer on creep- resistance

Fig. 2. Manson-Coffin curves of coated and uncoated IN713LC	



Chem. Listy, 102, s265–s1311 (2008) Chemistry of Inorganic Materials

s881

are compared with similar tests carried out on specimens with 
Al-Si coating. Fatigue life curves are documented on Fig. 2.	
there is dependence plastic strain amplitude εap at half life on 
number of cycles to fracture nf in the bilogarithmic represen-
tation. Experimental data were fitted by the manson-coffin 
law3. it can be seen that Al-Si layer increases low cycle 
fatigue life of the coated specimens.

m e t a l l o g r a p h i c  A n a l y s i s
According to the pictures and analyses from light and 

scanning electron microscopy, a split into several areas is 
evident. the surface of the samples from both materials at 
the initial state is divided into four sub-layers, see Fig. 3., 
left. the upper layer, called “oxide layer”, is very thin and 
discontinuous. By the spot and space analysis we detected 
al2O3 oxides which originated by diffusion from the layer, 
and under these oxides we can find cr2O3 which are created 
by diffusion from the base material. Sometimes Sio2 oxides 
grow up. the second layer is a “coating zone” with ni and 
Al phases. the next layer is called the “inter-diffusion zone” 
and contains more Si and heavy elements, such as mo, nb, 
cr, W. Simultaneously the content of ni and Al decreases. 
the last sub-layer, a “substrate diffusion zone”, is actually a 
band without γ’ phase. Sometimes, this layer can be reached 
in complex phases and carbides based on co, cr, Al with 
acicular morphology, Fig. 3. right. 

After thermal exposition and thermal-stress exploita-
tion, the thickness of particular layers is changed. Several 
sub-layers are created while several disappear. the distribu-
tion of single elements is also changed (Fig. 4.). After expo-
sition at temperature 1,000 °c (and higher) for longer time 
one layer remains and gets wider. From EDS microanalysis 
that followed, the oxygen stays on the surface and its con-
tent decreases with the distance from the surface. After tem-

perature and creep exposition, the oxides Al2O3 and Cr2O3 
are more created. After exposition at 1,000 °c and 200 h, 
this layer is somewhere cracky and sporadically is a surface 
without layer. however, this temperature highly exceeds the 
working conditions. 

the surface of the samples without layer is non-uniform. 
there is a band without coherent γ’, depleted by cr and Al 
and with titanium nitrides which have an acicular morpho-
logy. this band is extended with time and temperature.

Conclusions
From performed analyses followed that the Al-Si layer 

improves heat-resistance of materials in 713Lc and 738Lc. 
it were also estimated that this layer does not nearly have 

an influence on creep-resistance of observed materials.
the low cycle fatigue life of in713Lc at 800 °c increa-

ses with application Al-Si coating.

This work has been supported by the Czech Science 
Foundation, projects No. 106/07/1507, 106/08/1243.
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Fig. 3.	 Microstructure	of	AlSi	 layer	on	IN738LC,	as	received	
(left),	after	thermal-stress	exposition	800	°C	–	500	h	(right)

Fig. 4.	 Microstructure	of	Al-Si	 layer	on	IN738LC,	after	 ther-
mal-stress	exposition	900	°C	–	50	h;
Note:	1	(Cr2O3),	2	(Al2O3),	3,	4	(solid	solution	mixture	reached	
in	Si,	Cr),	5	(solid	solution	mixture	reached	in	Si,	Ti),	6,	7	(Ti,	Nb	
complex	carbide),	8	(Cr-Si-Co-Ni	complex	phase),	9,	10	(Co,	Cr,	
Al	complex	phase)
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Introduction
coal fly ash is well-know material utilized in civil engi-

neering, mainly in building materials preparing such as blen-
ded cements and concretes. traditionally, coal fly ashes are 
used as a pozzolanic material to enhance physical, chemi-
cal and mechanical properties of concretes. however, only 
amounts of 20–30 % of this waste kind are used in these 
terms and the excess is stored in large extension1. The rea-
sons of small quantities coal fly ash exploitation consists in 
insufficient quality of fly ash required by the standard. 

A number of hydrothermal activation methods have been 
proposed to activation coal fly ash using alkaline solutions 
(mainly naoh a koh solution). the traditional conversion 
methods differ in the molarity of the alkaline reagents, activa-
tion-solution/fly ash ratio, temperature (80–200 °c), reaction 
time (3–48 h) and pressure, depending on the type of coal fly 
ash used2. 

in our previous paper has been shown that the zeolite 
phase formation influences favourably process of physico-
chemical consolidation at hardening of coal fly ash/cement 
pastes and leads to higher compressive strength in compari-
son to composite prepared without alkaline treatment3.

the objective of this study was to investigate the hyd-
rothermal alkaline treatment influence of coal fly ash/cement 
mixture on mechanical properties of hardened composites in 
dependence on temperature.

Experimental
Portland cement (cEm i 42.5) and coal fly ash origi-

nating from Slovakian power plant Eno A in nováky were 
used as raw materials. Granulometric composition of original 
coal fly ash and cement is given in table i. 

table ii summarizes chemical composition of coal fly 
ash. total amount of Sio2 and al2O3 was 82.127 %. Based on 
the chemical analysis, the used coal fly ash is high silica ash 
with molar ratio of Sio2/Al2O3 = 3.2. the presence of crys-

talline phases was detected by X-ray diffraction (XrD) ana-
lysis on diffractometer Dron 2.0 with goniometer Gur-5 
(technabsexport, russia). the following minerals as major 
components present in coal fly ash are quartz, mullite and 
hematite. cristobalite, magnetite, illite, anhydrite, some sili-
cates, aluminosilicates and their hydrates (albite, andalusite, 
kaolinite) were identified too.

Laboratory investigation of alkaline treatment of coal 
fly ash/cement mixtures with 25 % wt. cement replacement 
was carried out in 5m naoh solution at solid/liquid ratio 
of 0.5. comparative cement paste was prepared by mixing 
only cement with water (sample 1). mixed pastes were given 
in forms and subsequent 24 hours heated at temperatures of 
120, 160 and 200 °c (sample 2, 3, 4) in drying-oven. harde-
ning samples during 28 and 90 days under laboratory condi-
tions was realized.

the compressive strengths were measured at concrete 
prisms (40 mm × 40 mm × 160 mm) after hardening and eva-
luated according to the Stn En 206.

Results
the compressive strength values of composite samples 

after 28 and 90 days hardening are presented in the table iii. 
As it can be seen, compressive strengths of hardened experi-
mental coal fly ash/cement composites reach the values ran-
ging from 7 to 14 mPa. compressive strengths of concretes 
increase with hardening duration. however, compressive 
strength values of experimental composites are lower than 
that of comparative composite (sample 1). 

the compressive strength development is closely related 
table i
Granulometric composition of coal fly ash and Portland 
cement

 Fraction [% wt.]
 [μm] coal fly ash Portland cement
 180 24.64 –
 180–125 10.79 –
 125–71 23.67 0.10
 71–45 13.09 3.85
 < 45 27.81 96.05

table ii
chemical composition of coal fly ash

 component content [%]
 SiO2 62.526
 MgO 1.900
 k2O 2.879
 na2O 1.683
 Fe2O3 8.068
 CaO 2.893
 al2O3 19.601
 LOI* 2.38
LOI* – loss of ignition

table iii
compressive strength rc of composites after 28- and 90-days 
hardening

 Sample rc [mPa]
  28 days 90 days
 1 32.1 33.6
 2 12.4 13.6
 3 7.8 9.2
 4 7.1 9.8
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to the temperature. As it is shown in table iii, compressive 
strength of composites is in indirect proporcionality with 
temperature increase. From all investigated composites, 
the highest value of 28 and 90 days compressive strength 
accounts the sample 2 that was 24 hours heated at tempera-
ture of 120 °c.

Based on the XrD results of hardened products, zeolitic 
phases such as analcime and hydroxy-sodalite during alka-
line treatment of coal fly ash/cement mixtures under selected 
conditions were formed. it is known that hydroxysodalite can 
be formed by conversion of the A zeolite in alkaline solution 
( > 10 % wt. naoh). According to paper4, crystalline phase 
of A zeolite is created in reaction mixture with Sio2/Al2O3 
ratio = 2 within temperature range from 25 to 150 °c. 

Structures of identified phases are different from those 
of naP1 zeolite and phyllipsite designated in the case of hyd-
rothermal alternation of alone coal fly ash in autoclave. these 
phases favourably influence the concrete structure matrix as 
well as mechanical properties of hardened composite3 in dif-
ference from composites based on alkaline and subsequent 
thermally treated coal fly ash/cement mixtures.

Conclusions
According to the standard requirements of Stn En 206, 

the measured values of 28 and 90 days compressive strengths 
of composites prepared by alkaline treatment of coal fly ash/
cement mixture correspond to concrete class of c 8/10.

therefore, concretes with hydrothermal alkaline treated 
coal fly ash at 25 % wt. cement replacement can be used for 
non-load-bearing constructions.

The authors are grateful to the Slovak Grant Agency for 
Science (Grant No. 1/3343/06) for financial support of this 
work. 
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Introduction
the Al-ni binary phase diagram contains five intermetal-

lic compounds (Al3ni, Al3ni2, al3ni5, Alni and Alni3). For 
high temperature coatings and structural materials the Alni 
and Alni3 phases are widely used1. the third, considerably 
lower area of interest, are the aluminum-based matrix com-
posites (Amc) strengthened by Al3ni and Al3ni2 phases2.

the Al-Al3ni eutectic composites production consists 
of the semi-product manufacturing (sharp interface between 
Al and ni) and the following mechanical and/or heat treat-
ment (enables the creation of Al3ni particles as strenghtening 
phase).3–5

in this paper, the high velocity oxyfuel deposition tech-
nique was used for semi-product manufacture. the influence 
of annealing, at temperatures below the Al-Al3ni eutectic 
point, and dwell time on strenghtening phase formation was 
studied.

Experimental
Aluminum sheet of commercial purity (99.5 % wt.Al) 

was used as a substrate. the substrate surface was ground 
with abrasive paper to #600, blasted by Sio2 particles and 
washed in acetone bath before plasma coating deposition. For 
nickel powder (45 ± 5 μm in diameter) deposition, the high 
velocity oxyfuel technique was employed. the thickness of 
the layer was approximately 200 ± 10 μm. After the deposi-
tion, the specimens were heated in a furnace. heat treatment 
conditions were designed closely to the Al-Al3ni eutectic 
melting point (639.9 °c). the first set of samples was heated 
to 600 °C for 50 and 500 h, the second set to 630 °C for 10 
and 50 h. the samples were fan-cooled in air after the heat 
treatment.

For the microstructure observation, the scanning electron 
microscopes (JEoL 840 and PhiLiPS XL30) were used. 
Eneregy dispersive x-ray microanalysis of selected points 

and layer thickness measurements by image analysis (niS 
Elements Ar 2.3) were performed.

Results
A s - r e c e i v e d  s t a t e

the microstructure of Al substrate coated by ni without 
heat treatment is shown on Fig. 1. the chemical concentrati-
ons measured by EDS are presented in table i.

a n n e a l i n g  a t  6 0 0  ° C
Binary images used for image analysis based on SEm images 
were prepared, see Fig. 2. chemical concentrations measu-
red in selected points are presented in table ii. the values of 
al3ni particles formed (count, diameter and circularity), are 
summarized in table iii.

Fig. 1.	 The	cross-sectional	SEM	image	of	Al	substrate	coated	
by	Ni	in	as-received	state

table i
chemical composition of selected points, see Fig. 1.

 Point o [% at.] Al [% at.] Fe [% at.] ni [% at.]
 1 8.34 0 0 91.66
 2 4.52 95.48 0 0
 3 6.60 86.29 7.11 0

Fig. 2.	 The	 cross-sectional	 SEM	 images	 of	 HvOF	 deposited	
Ni	coating	on	Al	substrate	and	the	binary	images	prepared	for	
image	analysis	measurements	after	annealing	at	600	°C	per	(a,	c)	
50	h,	(b,	d)	500	h,	respectively

table ii
chemical composition of selected points, see Fig. 2.b

 Point o [% at.] Al [% at.] Fe [% at.] ni [% at.]
 1 9.03 0 0 90.97
 2 5.56 58.17 0 36.27
 3 4.27 73.38 0 22.35
 4 2.96 86.87 4.06 6.12
 5 3.29 79.61 6.99 10.12
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a n n e a l i n g  a t  6 3 0 ° C
Binary images used for image analysis based on SEm 

images were prepared, see Fig. 3. chemical concentrations 
measured in selected points are presented in table iv. the 
values of Al3ni particles formed (count, diameter and circu-
larity), are summarized in table v.

Dependence of annealing time and temperature height 
on the al + al3ni band thickness growth and on the Al3ni 
volume fraction is shown on Fig. 4.

Conclusions
in this work, the elements interaction on Al and ni 

sharp interafce during annealing below the melting point of 
al+al3ni eutectic was investigated primarily. the Al3ni2 
(light gray) and al3ni phases (dark gray) between the ni coa-
ting and Al substrate were observed and analysed. Platelet-
like and needle-like particles of Al3ni phase were observed 
in the Al substrate; the first one formed at the grain bounda-
ries and the second one on the favourable places inside the 
grains, most probably due to the grain boundary and pipe 
diffusion mechanisms. these mechanisms are apparently 
faster then volume diffusion at these “lower” temperatures. 
rising temperature accelerates the diffusion of ni into the 
Al and increases the thickness of Al+Al3ni band. the longer 
dwell time leads to the formation of coarse and less regular 
particles, as well.

This work has been supported by the Ministry of Edu-
cation (grant MSM002163058) and Grant Agency of Czech 
Republic (grant GAČR 106/05/H008).
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table iii
Image analysis data of al3ni particles

 heat treatment count [–] Diameter [μm] circularity [–]
 600 °C 50 h–1 202 3.82 0.84
 600 °C 500 h–1 253 7.59 0.68

Fig. 3.	 The	 cross-sectional	 SEM	 images	 of	 HvOF	 deposited	
Ni	coating	on	Al	substrate	and	the	binary	images	prepared	for	
image	analysis	measurements	after	annealing	at	630	°C	per	(a,	c)	
10	h,	(b,	d)	50	h,	respectively

table iv
chemical composition of selected points, see Fig. 3.b

 Point o [% at.] Al [% at.] Fe [% at.] ni [% at.]
 1 9.96 0 0 90.04
 2 6.41 59.00 0 34.60
 3 4.88 72.42 0 22.70
 4 3.00 87.90 2.65 6.45
 5 4.85 77.89 10.41 20.97

table v
Image analysis data of al3ni particles

 heat treatment count [–] Diameter [μm] circularity [–]
 630 °C 10 h–1 341 3.92 0.81
 630 °C 50 h–1 239 5.85 0.67

Fig. 4. The influence of annealing time and temperature on the 
Al3Ni	+	Al	band	(a)	thickness	growth,	(b)	volume	fraction
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Introduction
vitrification is a well established technology that invol-

ves the conversion of the waste in a stable and homogenous 
glass through a thermal treatment of melting, with the additi-
onal modification of the starting composition with glass-for-
ming additives1.

the paper deals with the magnetic properties of an iron-
containig waste from the former nickel hydrometallurgy 
plant in Sereď (Slovakia). the waste, nickel leaching residue 
(nLr), was used as a model carrier of heavy metals (co, cu, 
cd, Pb, ni) from wastewater treatment, which was necessary 
to stabilize. recently, microwave enegy has been applied for 
the waste treatment as an energy efficient alternative to cur-
rent heating technologies2. in the presented work, microwave 
vitrification was used for the stabilization of heavy metals 
carriers.

the magnetic properties were studied by magnetic 
susceptibility measurement and mössbauer spectroscopy 
method.

Experimental
m i c r o w a v e  v i t r i f i c a t i o n

the chemical composition of waste (nLr) and the raw 
materials used for the glasses is following: nLr 15 % Sio2, 
4.8 % Al2O3, 3.54 % cao, 2.21 % mgo, 38.57 % Fe2O3, 
22.64 % Feo, 1.06 % cr2O3, 0.17 nio, glass cullet 72.4 % 
SiO2, 1.7 % Al2O3, 9.6 % cao, 1.7 % mgo, 0.05 % Fe2O3, 
13.8 % na2o, 0.6 % k2o, dolomite 0.59 % Sio2, 0.34 % 
al2O3, 29.61 % cao, 22.47 % mgo, 0.29 % Fe2O3total, 
0.04 % na2o, 0.11 % k2o, 46.35 % loss of ignition, glass 
sand 99 % Sio2, soda 58 % na2O.

the glasses from S1 series contain 30–60 % of nLr, 
glass cullet and dolomite. in S2 series, the glasses include 
30–50 % of nLr, glass sand and soda, besides glass cul-
let and dolomite. the theoretical chemical compositions of 
glasses measured by AAS (varian, Australia) are described in 
table i (S1) and table ii (S2). 

microwave vitrification was carried out in a microwave 
furnace Panasonic nn-5251B (series S1) and Panasonic nn-
Q453 (series S2) with frequency 2.45 Ghz and output 900 W 
(S1) and 1,000 W (S2). the samples were placed in thermal 

isolated ceramic crucibles and heated during 30 (S1) and 45 
(S2) minutes. When the samples achieved the melting tempe-
rature, they slowly cooled down in the furnace.

m a g n e t i c  S u s c e p t i b i l i t y  a n d 
m ö s s b a u e r  S p e c t r o s c o p y 
m e a s u r e m e n t s 

magnetic susceptibility of the melted samples was mea-
sured by kappabridge kLY-2, Geofyzika Brno in magnetic 
field intensity of 300 Am–1 with homogeneity of 0.2 % at 
frequency 920 hz.

the room-temperature mössbauer spectroscopy mea-
surements were realized in transmission geometry using a 
conventional spectrometer in a constant acceleration mode.  
a 57co/rh γ-ray source was used. the velocity scale was 
calibrated relatively to 57Fe in rh. A proportional counter was 
used to detect the transmitted γ-rays. mössbauer spectral ana-
lysis software recoil3 was applied to provide a quantitative 
evaluation of the spectra.

Results
m a g n e t i c  S u s c e p t i b i l i t y 
m e a s u r e m e n t s

the magnetic susceptibility of the raw materials and 
glasses are presented in table iii, iv and v. the measured 
values are not depending on the iron content. Samples 2-S1 
with the highest value of magnetic susceptibility in the series 
and 4-S2 with the lowest value of magnetic susceptibility have 
been chosen for mössbauer spectroscopy measurements.

table i
chemical analysis of samples from S1 series [% wt.]

 Sample Sio2 Fe2O3 Feo Al2O3 cao mgo na2O k2O
 1-S1 19.28 11.73 6.79 1.95 17.79 12.24 2.78 0.18
 2-S1 13.55 15.58 9.06 2.26 17.18 12.29 1.40 0.12
 3-S1 42.27 15.48 9.06 2.80 9.18 3.98 6.90 0.31
 4-S1 14.99 19.41 11.32 2.71 14.57 10.26 1.40 0.10
 5-S1 16.44 23.23 13.58 3.15 11.97 8.24 1.39 0.09
 6-S1 30.80 23.19 13.58 3.42 7.97 4.08 4.14 0.19

table ii
chemical analysis of samples from S2 series [% wt.]

Sample Sio2 Fe2O3 Feo Al2O3 cao mgo na2O k2O
 1-S2 52.37 11.61 6.79 1.90 6.42 3.34 6.37 0.16
 2-S2 46.15 11.64 6.79 2.02 9.86 5.67 4.15 0.20
 3-S2 56.92 11.61 6.79 2.22 6.86 2.55 6.21 0.28
 4-S2 48.01 11.63 6.79 2.49 9.78 3.93 8.28 0.37
 5-S2 53.87 15.46 9.06 2.11 3.86 2.18 10.14 0.07
 6-S2 48.92 15.47 9.06 2.38 6.78 3.56 3.45 0.16
 7-S2 42.27 15.48 9.06 2.80 9.18 3.98 6.90 0.31
 8-S2 46.75 19.30 11.32 2.74 3.69 1.45 5.68 0.12
 9-S2 46.38 19.31 11.32 3.08 5.61 1.79 5.62 0.24
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m ö s s b a u e r  S p e c t r o s c o p y 
m e a s u r e m e n t s 

Fig. 1. shows the mössbauer spectrum of nLr. the 
spectrum is characterized by three doublets and two sextets. 
the doublets correspond to iron in Fe2+ state and superpara-
magnetic Fe3+. the sextets are ordered in tetrahedral and 
octahedral position. the parameters of nLr mössbauer 
spectrum are in table vi.

the percentage content of iron forms is possible to 
determine from the intensities. Spectrum 1 and 3 represents 
Fe2+ with iron content of 9.6 % and 10.9 %. the isomer shift 
of subspectrum 2 presents Fe3+ (12.7 %) in polycrystalline 
state. Subspectrum 4 was found to be Fe in the tetrahedral 
form of Fe3O4 (28.7 %) and subspectrum 5 in the octahedral 
form of Fe3O4 (38.1 %).

Fig. 2 shows the mössbauer spectrum of glass 2-S1. the 
spectrum contains a central doublet and a magnetic sextet. 

the structure of central doublet in the sample confirms the 
presence of Fe2+ and also Fe3+ ions. the central doublet cor-
responds to Fe cations in nanoparticles in superparamagnetic 
state. magnetic sextet belongs to magnetite in a polycrystal-
line (ferrimagnetic) state. the wide spectral lines indicate the 
presence of iron containing particles with a large distribution 
of dimensions4. 

mössbauer spectrum of glass 4-S2 (Fig. 3.) is fitted by 
three subspectrums – doublets. the presence of doublets 
confirmed the paramagnetic respectively superparamagnetic 

table iii
magnetic susceptibility of raw materials

 Sample magnetic susceptibility × 10–6

  Si unit
 nLr 135,222
 Glass cullet 247
 Dolomite 36
 Glass sand 34

table iv
magnetic susceptibility of vitrified samples from S1 series

 Sample magnetic susceptibility × 10–6

  Si unit
 1-S1 126,943
 2-S1 245,918
 3-S1 56,441
 4-S1 189,272
 5-S1 211,601
 6-S1 96,101

table v
magnetic susceptibility of vitrified samples from S2 series

 Sample magnetic susceptibility × 10–6

  Si unit
 1-S2 45,792
 2-S2 54,739
 3-S2 35,318
 4-S2 15,066
 5-S2 115,310
 6-S2 130,587
 7-S2 81,010
 8-S2 99,680
 9-S2 169,626

Fig. 1.	 Mössbauer	spectrum	of	NLR	(lobs–experimental	spekt-
rum,	lcalc-theoretical	spectrum)

table vi
mössbauerspectrum parameters of nLr

 Subspectrum iS QS i [%] h σB  [mm s–1] [mm s–1]
 1 QSD Site 1  0.36 0.73 9.6 – 0.28
 2 QSD Site 2  1.16 2.72 12.7 – 0.04
 3 QSD Site 3  1.01 0.72 10.9 – 0.2
 4 hFD Site 1 0.30 – 28.7 47.7 0
 5 hFD Site 2 0.61 – 38.1 43.6 2.69

Fig. 2. Mössbauer spectrum of vitrified sample 2-S1
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state of iron in the sample. Low magnetic susceptibility is 
expected for this magnetic state.

the values of isomer shift of subspectrum 1 iS(1) 
and subspectrum 2 correspond to polycrystalline Fe3+. 

the content of Fe3+ is 31.3 % (subspectrum 1) and 47.1 %  
(subspectrum 2) respecively. Subspectrum 3 represents Fe2+ 
with the content of 21.6 % (see table vii).

Conclusions
By the mössbauer spectroscopy measurements, the 

magnetic properties of vitrified samples depend on magnetic 
state that is influenced by grain size5. magnetic susceptibility 
of glasses is affected by the ratio of iron content in magne-
tic ordered phase represented by sextet to the iron content in 
superparamagnetic phase represented by doublet. the grain 
size of glasses is mainly influeced by a cooling of molten 
mixture.

This works has been supported by the Slovak Research 
and Development Agency under the contract No. APVV-51-
035505.
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Fig. 3. Mössbauer spectrum of vitrified sample 4-S2 (lobs-
experimental	spektrum,	lcalc-theoretical	spectrum)

table vii
mössbauer spectrum parameters of vitrified sample 4-S2

 Subspektrum  iS [mm s–1]  QS [mm s–1] i [%]
 1 QSD Site 1 0.27 0.47 31.3
 2 QSD Site 2 0.25 1.03 47.1
 3 QSD Site 3 0.68 2.62 21.6
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Introduction
metakoalin represents one the important puzzolana 

materials that are widely used in mortar and concrete tech-
nology. it is white amorphous aluminosilicate Al2O3

. 2SiO2. 
it is prepared by calcination of kaolin in temperature range 
500–800 °c. this process is possible to describe by the fol-
lowing equation: 

500 800 °C
2 3 2 2 2 3 2 2al O 2SiO 2H O al O 2SiO +2H O−⋅ ⋅ → ⋅  (1)

Adsorbed water is released at 100 °c and the dehydro-
xylation begins over 400 °c. At the temperature over 900 °c, 
other reactions occur. their resultant products are silica and 
mullite. the dehydroxylation process affects the degree of 
structure orderliness, disturbances of crystal lattice, particle 
shape and size, type and amount of mineral admixtures, and 
also experimental conditions. the electrokinetic potential 
measurement, Ft-ir spectroscopy and differential ther-
mal analysis were used for determination of the kinetics of 
metakaolin thermal conversion.

Experimental
S a m p l e  p r e p a r a t i o n

Zeta	potential
industrial kaolin was calcinated at the temperatures of 

105, 300, 400, 450, 500, 550, 600, 700, and 800 °c in a por-
celain cup.

Infrared	spectroscopy
kaolin symples were calcinated by temperatures 440 

and 500 °c and were mixed with dried kBr in weight ratio 
1 : 100.

Thermal	Analyse
kaolin samples were calcinated at the temperature range 

400 to 520 °c for the period of 2 hour. the heating rate was 
30 °C min–1.

Results
Z e t a  P o t e n t i a l

measured values of zeta potential are displayed in the 
Fig. 1.

At the temperature range 105–300 °c is capillary and 
adsorbed water released. volume change attending capillary 
water evaporation generate tension that is released by cracks‘ 
formation or disintegration of aggregate. the observed growth 
of zeta potential is possible to explain by the pre-dehydroxy-

lation on the surface of particles. At the temperature range 
400–500 °c, dehydroxylation proceeds. Water that is fixed 
in ions solvation sheets is released in first step. the charge 
reduction that results in zeta potential decrease is possible to 
describe by the following reaction:

T
2 x 2[ Al o] [na (h o) ] Al o na x h o(g)− += − →= − − +  (2)

Along with the partial water vapour pressure (pH2O), 
the water released from the hydration sheath, Si-o bonds 
of the siloxane bridges (≡ Si – o – Si ≡) tetrahedic layers and 
silanol groups ≡Si–oh form. the surface silanoles dissocia-
tion is connected with the surface potential increase, which 
leads to the zeta potential increase of the samples calcinated  
at 500 °C.

Along with the temperature of the thermal treatment, the 
amount of water released during the condensation between 
≡ Si – oh a hoAl = bonds increases. the process may be 
described by the following reactions:

H O2,
2Si O Si H O 2 Si OHT p≡ − − ≡ + → ≡ −  (3)

H O2,
2Si OH al OH Si O al H O(g)T p≡ − + = − →≡ − − +  (4)

H O2,
22 al OH al O al H O(g)T p= − ←→= − − = +  (5)

the dehydroxylation (decrease of the oh bonds abun-
dance) connected with polykondenzation (500–550 °c) 
results to the kaolin zeta potential decrease. Above the tem-
perature of 550 °c, a significant zeta potential value increase 
was observed. the increase can be explained by the forma-
tion of a metastable phase – metakaolin. the reconstructive 
phase transition is connected with the destruction of sheet 
structure of kaolinite. At lower temperature, the amount of 
crystal defects forming in the metakaolin structure is signi-
ficant. the zeta potential increase can be explained by the 
adsorption of hydroxyl anions on these defects from dis-
persive environment, which increases the surface potential  
of a particle.

Fig. 1.	 Relation	of	zeta	potential	on	the	burning	temperature
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T h e r m a l  a n a l y s e 
the dehydroxylation of kaolin proceed at temperature 

range 400 to 670 °c and there occurs weiht decrease about 
13,1%.

overall activation energy and pre-exponential coeffici-
ent were defined from the Arrhenius equation in logarithmic 
form. the overall activation energy reaches 148.78 kJ mol–1 
and pre-exponential coefficient reaches 2.71 × 107 s–1, under 
isothermal conditions.

i n f r a r e d  S p e c t r o s c o p y
the spectum shape changes show that the dehydroxyla-

tion process consists of two steps – see Fig. 3.

the major part of water molecules from layer kaolin 
structure leaves the structure first.

During this process, reduction of hydroxyl stretching a 
bendind absorption bands occurs, while Sio and Alo modes 
do not change. the second step is connected with the loss of 
selectivity of Sio and Alo modes (30 min.) because of chan-
ges in primary coordinate shell during kaolin to metakaolin 
conversion. the second step, at the temperature 440 °c) 
begins after 15 minutes. the ν1 modes of ouoh groups were 
used for interpretation of kinetics of kaolin decomposition 
only. the –ln (1–y) linear dependace on time confirmed  
F1 model of kaoline dehydoxylation.

Conclusions
the paper demonstrates that zeta potential measure-

ment may be used for characterization of dehydroxylation 
processes. Zeta potential increases during pre-dehydroxyla-
tion process. During dehydroxylation zeta potential reaches 
its minimum value at 550 °c. Destruction of kaolinite sheet 
structure during nucleation of metakaolinite leads to the 
repeated increase of zeta potential values. the good agree-
ment between zeta potential measurement, thermogravime-
try and infrared spectroscopy results was achieved. All the 
methods applied on the examination of isothermal kaolinite 
dehydroxylation indicate that the dehydroxylation proceeds 
during a single nucleation process (F1) at the temperature 
range from 420 to 520 °c. the overall activation energy 
determined by thermogravimetry reaches 148.78 kJ mol–1 
(tG). Good agreement with literature sources was achieved. 
this value lies within the most frequently reported interval: 
140–250 kJ mol–1 

This work has been supported by research centre MŠMT 
No. 1M06005.
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Fig. 2.	 TG-DTA	curves

Fig. 3.	 Spectra	of	kaolin	calcination	(at	440	°C)
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Introduction
refractory materials with height and very height alumina 

content are commonly used at higher temperatures under 
reduction conditions. these materials are based on mullite 
and corundum. mullite (3Al2O3

. 2SiO2) is under ordinary 
pressures only stable compound in the Sio2 – al2O3 system 
and the other alumosilicates, such as silimamite, andalucite 
and cyanite, become to mullite at temperatures 1,545, 1,390 
and 1,370 °c, respectively. mullite confers interesting pro-
perties to the refractory materials, such as thermal and che-
mical stability, mechanical resistance, low thermal expansion 
and thermal impact strength.1–3

the aim of this work is study of alumina and vanadium 
oxides corrosion of shaped high alumina refractory material. 
the corrosion products were investigated by DtA, Ft-ir and 
XrD.

Experimental
corrosion process of corundum based refractory 

materials used in combustion reactor was compared. Phos-
phate bonded corundum heat-resistant brick korrath k99 
(al2O3 > 99 %) can be employed to the 1900 °c under 
reducing condition. material properties were enhanced by 
addition of Cr2O3 and Zro2. LS – kleber 34 (94 % Al2O3,  
4 % P2O5) was used as binding agent.

S i m u l t a n e o u s  t G - D t A 
the tG-DtA analysis of the korrath k99 lining frag-

ment in an air oven at ambient atmospheric condition was 

carried out by tG-DtA Analyzer Setaram 92-18 up to tem-
perature 1,400 °c. Applied heating and cooling rate was 
10 °C min–1.

i n f r a r e d  S p e c t r o s c o p y 
infrared spectra of samples were recorded in kBr pellets 

using Ft-ir spectrometer nicolet impact 400 in the wave-
lengths range from 4,000 to 400 cm–1. measurements were 
done under resolution 8 cm–1.

Grinded samples were mixed with kBr with mass ratio 
1:100. mixtures were homogenized by grinding in dish and 
its weighted amount was pressed under 40 kPa for 20 s and 
next 80 kPa for 30 s.

X - r a y  D i f f r a c t i o n
Sample phase composition was investigated by X-ray 

powder diffraction analysis by difractometer X´Pert (Phi-
lips).

Results
D i f f e r e n t i a l  T h e r m a l  a n a l y s i s

the DtA results of unused and corroded heat resistant 
brick korrath k99 is shown on Figs. 1. and 2. there is one 
sharp endothermic peak at temperature 795 °c on Fig. 1. 
With regard to sample composition is this effect probably 
caused by unmixing of Al2O3 – Zro2 solid solution. Sample 
mass changes are insignificant.

material used in refractory line show endothermic dou-
blet at 553 and 583 °c. 

this double peak was fitted by first type voight function 
(1), due to specify peak’s temperature of second endothermic 
effect – 586 °C.

Where y0 is offset, xc peak center, A amplitude, w width 
and mu shape factor of peak.

Fig. 1.	 DTA	of	refractory	material	korrath	k99	unaffected	by	
corrosion

Fig. 2.	 DTA	of	corroded	refractory	material	korrath	k99

(1)
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the first peak on Fig. 2. belongs to thermal decomposi-
tion of the CaO·V2O5 (2). reaction was connected with v2O5 
reduction to vo2.

2 5 2 22 CaO V O C 2 CaO 4 VO CO⋅ + → + +  (2)

Low temperatures eutectic melts were form between 
product of reaction (2) and Fe or ti compounds. Source of Fe, 
ti compounds is burning aw material. the second endother-
mic peak is connected with eutectics melt appearance.

i n f r a r e d  S p e c t r o s c o p y 
Ft-ir spectrum of unused and corroded heat resistant 

brick korrath k99 is shown on Figs. 3. and 4. While the first 
of them is virtually similar like the spectrum of corundum, 
corroded brick show more complicated XrD pattern. 

there was found absorbtion band of silica and mullite. 
mullite is part of basic brick material, but Sio2 spectral bands 
belong to glassy phase of corrosion product. Silica source is 
heat resistant binding agent.

X - r a y  D i f f r a c t i o n
the XrD patterns of unused and corroded heat resistant 

brick korrath k99 is shown on Figs. 5. and 6.

The Ca0.17V2O5 dual oxide was identified as main crys-
talline product of korrath k99 corrosion (Fig.6). 

Conclusions
in XrD pattern of corroded material of korrath k99 heat 

resistant brick wasn’t found diffractions of mullite. Accord to 
Ft-ir results is this compound more sensitive to corrosion 
process than corundum. there has been risk of prior corro-
sion of binding mullite phase.

in addition vanadium oxides corrosion of high alumina 
refractory line, there was formed glassy phase. Alkali oxides 
from raw material play significant role on its origin.

This work has been supported by MŠMT poject NPV 
– NHV – 1 number 2B08024.
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Fig. 3.	 FT-IR	of	unused	korrath	k99	material

Fig. 4.	 FT-IR	of	corroded	korrath	k99	material

Fig. 5.	 XRD	of	unused	korrath	k99	material

Fig. 6.	 XRD	of	corroded	korrath	k99	material
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Introduction
the old buildings (sights) are very complicated in their 

composition and function. Some of these buildings survive 
for hundreds of years, but many of them are not in good 
condition, so here is a space for restorers, who want a mate-
rial or materials, which will help them to conserve or repair 
these sights or presents from our ancestors. restorers have 
to respect rules of care of historical monuments (try to use 
materials similar or the same as the original material of the 
sight is) which requires searching for materials, that will pro-
tect, restore and conservate the object with minimal harm.

this paper describes testing of lime stone from kuro-
vice, especially chemical, phase composition and hydraulic 
modulus determination.

natural cement (roman cement), which was used as a 
building material in the last century in the area of Bohemia, 
isn´t produced nowadays in the czech republic and surroun-
ding states. the roman cement is a historical variation of 
lime binder, it’s important for its hydraulic properies and it 
is necessary to be interested in this material because of con-
servators.

chemical analysis was focused on assesment of loss 
during annealling and oxides specification (oxides which 
are useful in characteristic modules calculation – cao, Sio2, 
al2O3, Fe2O3, MgO).

For classification prepared roman cements and base 
materials is good analyses methods tG-DtA method, XrD 
method and heating microscope showed us the temperature 
of sintering, melting point and phase composition of tested 
material from stonepit in kurovice.

very important for classification prepared roman cements 
is hydratation haed. these work is suggests easy method for 
determination hydratation head. H2O.

Experimental
the enthalpiometric method for the hydration heat as-

sessment in prepared roman cements was tested. the appa-
ratus consisting of multimeter with thermistor and styrofoam 
calorimetric cell with magnetic stirrer was made and whole 
system was connected to Pc (Fig. 1.). the measurement it-
self was performed in styrofoam cup placed in calorimetric 
cell. Determined amount of distilled water was poured into 
the cup and after temperature stabilization the exact amount 
of sample of roman cement was added while slowly stirred. 
After the temperature stabilization (minimum 15 min of 
stable temperature) the measurement was finished. From the 
recorded data the temperature difference was determined and 

together with roman cement amount, volume of used distilled 
water, and calorimetric constants it served for the hydration 
heat calculations according to (1). the number of moles of 
water was calculated from (2). the calculations resulted in 
the determination of hydration heat released from the hydra-
tion of roman cement.

For calculation hydratation heat was used this formula:

2 2HYD H O H OQ n c T= ⋅ ⋅∆  
(1)

QHYD – hydratation head [J mol–1]
nH2O – number of moles (water) [mol]
cH2O – heat capacity (water) [J k–1 mol–1]
ΔT – difference of temperatutre [°c]

For calculation number of moles was used this formula:

2

2

2

H O
H O

H O

m
n

M
=

 
(2)

Fig. 1.	 The	experiments	for	measuring	of	hydratation	heat

table i
composition of synthetic roman cement 1

 component Weight [%] Grams to 100 g
 CaCO3 58.98 80
 CaSO4

. 2H2O 3.09 4.0
 Mg(OH)2 1.19 1.6
 kaolinit 8.01 9.0
 Fe3O4 4.87 6.6
 SiO2 20.65 28.0
 k2CO3 1.91 2.6
 na2CO3 1.03 1.4
 al(OH)3 1.62 2.2
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Results
in this work the samples of synthetic roman cements 

were tested. the amount of 50 ml distilled water was poured 
into the cup. the exact amount of binder sample was added 
at once while stirring. the temperature inside the vessel was 
recorded each 5 sec. by thermistor. 

Samples of roman cements were prepared by burning 
out the raw meal at the temperature of 870 °c for the period 
of 4 hours. Synthetic roman cements were prepared by 
mixing the pure chemicals at a dry state. (tables i–iii). the 
refference sample was prepared in the same way from natural 
raw material from kurovice quarry.

the results of masurment of hydratation heat are stated 
in table iv.

Conclusions
it can be assumed, that the enthalpiometric determina-

tion is appropriate method for hydration heat measurement 
for roman cements as well as for other hydraulic binders. 
mainly the easy intrumentation and short measurement times 
can be pointed out.

Also it was found, that roman cements prepared from 
natural raw material have the hydration heat values signifi-
cantly lower than those prepared from pure chemicals. the 
reason for this is that the silicon oxide in pure state does not 
likely react with calcite to form dicalcium silicite and the soft 
lime is formed, which releases large amount of heat when 
hydrating.

This work has been supported by NPV II program MŠMT 
ČR project number 2B08024.

table ii
composition of synthetic roman cement 2

 component Weight [%] Grams to 100 g
 CaCO3 60.24 80
 CaSO4

. 2H2O 3.16 4.0
 Mg(OH)2 1.81 2.4
 kaolinit 6.78 9.0
 Fe3O4 2.25 3.0
 SiO2 21.08 28.0
 k2CO3 1.96 2.6
 na2CO3 1.05 1.4
 al(OH)3 1.66 2.2

table iii
composition of synthetic roman cement 3

 component Weight [%] Grams to 100 g
 CaCO3 60.24 80
 CaSO4

.2H2O 3.16 4.0
 Mg(OH)2 1.81 2.4
 kaolinit 6.78 9.0
 Fe3O4 2.25 3.0
 SiO2 21.08 28.0
 k2CO3 1.96 2.6
 na2CO3 1.05 1.4
 al(OH)3 1.66 2.2

table iv
results of measurement of hydratation composition of syn-
thetic roman cement 1

 Sample Δt Q [J mol–1] Q [J g–1]
 nature 1.2682 264.522 244.242
 rC 1 3.3386 696.368 642.979
 rC 2 3.5725 745.155 688.026
 rC 3 2.5360 528.96 488.406
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Introduction
cements show variable and sometimes unpredictable 

hydration behavior which may sometimes leads to opera-
tion failures. the rapid and accurate characterization method 
for identification of clinker and accessory minerals is needed. 
these requirements are for the Fourier transform infrared 
(Ft-ir) spectroscopy fulfilled. the infrared spectrum pro-
vides informative signature of cement, in which is encoded 
information about its elemental and mineralogical compo-
sition. Ft-ir methods can be in cement chemistry used for 
monitoring of hydration reactions and prediction of the per-
formance properties1,2.

the Portland cement composition was studied by mid-
ir spectroscopy. this work is a part of wider Ft-ir study 
about course hydrolysis of clinker minerals and kinetic of 
hydration processes of in aged Portland cement paste.

Experimental
the Portland cement was used in this study. the sam-

ple was characterized in wavelengths range from 4,000 to 
400 cm–1 by Ft-ir analyzer nicolet imact 400 with using of 
kBr pellets technique. Applied resolution for measurements 
is 8 cm–1. 

Dried samples were mixed with kBr with mass ratio 
1 : 100. mixtures were homogenized by grinding in mortar 
dish. Weighted amount of these mixtures were pressed under 
40 kPa for 20 s and next 80 kPa for 30 s.

Results
infrared spectrum of Portland cement is shown on Fig. 1. 

there were identified absorbtion bands of several clinker 
minerals relevant to its technical phase: allite – tricalcium-
silicate (C2S), belite – larnite (c2S) and C3A – tricalcium-
aluminate. Further are present spectral bands of anhydrite 
(CaSO4), gypsum (caSo4

. 2H2o) and hydration product: 
portlandite, calcite and hexagonal hydrates. Presence of the 
clinker minerals hydration products indicate that sample was 
slightly hydrated by air humidity. 

From data published in literature1,3–7 we put together 
correlation table (Fig. 1.). Portland cement ir bands assign-
ment is summarized in table i. 

the peak belongs to stretching of Si–o bond in structure 
of C3S, which is centered at wavelength 925 cm–1, implies 
band complexity. this multiplet was fitted by Lorentz fun-
ction (1) due to obtain other information about composition 
of the sample.

Fig. 1.	 Subtracted	infrared	spectrum	of	Portland	cement	and	
correlation table. The Si–O stretch region was fitted by Lorentz 
function

table i
Ft-ir spectrum of Portland cement

 ν [cm–1] peak’s assignment compound
 3,644 ν(oh) portlandite
 3,550 ν(oh) water (silanol groups)
 3,404 ν1(OH) water
   (adsorbed on the surface)
 1,685 ν2(oh) water (hydrates)
 1,621 ν2(OH) water
   (adsorbed on the surface)
 1,495, 1,420 ν3(CO3

2–) calcite
 1,138 ν3(SO4

2–) anhydrite
 1,118 ν3(SO4

2–) gypsum
 925 ν3(SiO4

4–) tricalciumsilicate (c3S)
 732 ν4(CO3

2–) calcite
 670, 599 ν4(SO4

2–) gypsum
 524 ν4(SiO4

4–) larnite (C2S)
 451 ν2(SO4

2–) gypsum

Fig. 2.	 IR	 spectra	 region	 from	 1,350	 to	 700	cm–1 fitted by 
Lorentz	function.	Peaks	assignment	is	noted	in	Table	II
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where y0 is offset, xc is wavelength of peak’s center, w is 
peak’s half-width and A is amplitude of peak.

Fitted spectrum of the Portland cement is shown on 
Fig. 2. there were found absorbtion bands of anhydite, 
gypsum, larnite, c2S, C3S and calcite. cement ir bands 
assignment is summarized in table ii. 

Conclusions
the Fourier transform infrared spectroscopy is a sui-

table tool for determination of cement phase composition, 
because enable monitored course of hydration processes by 

changes of spectroscopic variables (ν, w and A) in the time. 
these parameters may provide secondary information about 
changes in the sample.

main absorbtion area of clinker minerals is spread over 
spectral region from 1,000 to 400 cm–1. Peaks coincidence 
make interpretation of spectrum more difficult, but is possible 
distinguished of individual peaks. 

Amount of spectral bands in hydrated or partially hyd-
rated cement has increasing due to intermolecular interaction 
of cations with So4

2– and CO3
2– anions leading to reduction 

of their symmetry.

This work has been supported by MŠMT poject NPV 
– NHV – 1 number 2B08024.
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, (1)

table ii
Fitted Ft-ir spectrum of Portland cement

 ν [cm–1] peak’s assignment compound
 1,199 ν3, b1(SO4

2–)
 1,164 ν3, a1(SO4

2–) anhydrite
 1,144 ν3, a2(SO4

2–) 
 1,115 ν3(SO4

2–) gypsum
 1,062 ν(Al–o) hexagonal hydrates
 1,000 ν1(SO4

2–) anhydrite
 960, 883 ν3(SiO4

4–) larnite (C2S)
 923 ν3(SiO4

4–) tricalciumsilicate (c3S)
 828 ν1(SiO4

4–) larnite (C2S)
 775 ν(Al–o) tricalciumaluminate
 720 ν4(CO3

2–) calcite
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Introduction
the performance of precision devices and instruments 

has been limited by the problem of thermal stress induced 
by the thermal expansion between different materials. to 
avoid this problem, one of the choices is to develop negative 
thermal expansion materials1. it has been known that ther-
mal shock resistance of ceramics is influenced by the thermal 
expansion coefficient2. LaS (Li2O . al2O3

. SiO2) system has 
been investigated extensively, because its show low, zero or 
even negative thermal expansion coefficient as well as high 
thermal shock resistance3.

the most important crystaline phases present in the LAS 
system are β-eucryptite (Li2O . al2O3

. SiO2), β-spodumene 
(Li2O . al2O3

. 4SiO2), virgilite (Li2O . al2O3
. 6SiO2), petalite 

(Li2O . al2O3
. 8SiO2) as well as metastable solid solutions 

that are derived from the hexagonal high quartz structures by 
the substitution of Al3+ and Li+ for Si4+. these solid solutions 
are denoted as β-quartz (ss) and have general composition 
Li2O . al2O3

. nSiO2, where n varies from 2 to 10(ref.2).
there are many methods to prepare ultra-fine powders 

for synthesis of LAS ceramic or glass-ceramic. the conven-
tional method is melt processing, which has many problems, 
such as too high melting temperature and high viscosity of 
melt. Lately, sol-gel processing has been widely used in the 
manufacture of LAS. this method reduces the sintering tem-
perature and can obtain high purity and homogenous produ-
cts.4–6

the present study on the LAS ceramic based on spod-
umene is mainly concentrated to investigation of influence 
of Ca2(PO4)3oh on thermal behavior of sol-gel derived pre-
cursor. Processes whose take place during thermal treatment 
were analyzed by DtA and heating microscopy.

Experimental
the β-spodumene powder precursor was prepared from 

Li2oh, Al(no3)3
. 9H2o, both in analytical purity grade. 

Silica sol containing 30 % wt. of Sio2 (tosil) was applied 
as source of Sio2. A weighed quantities of lithium carbonate 
and Al(no3)3

. 9H2o were first dissolved in hydrochloric acid 
and tosil, respectively. 

Both prepared solutions were next slowly mixed toge-
ther. resulting sol contain Licl, Al(no3)3

. 9H2O and SiO2 in 
weight ratio 1 : 1.77 : 1.89 that is equal to spodumene com-
position. the gelation of mixed sol at 80 °c took place af-
ter 20 min. the resulted gel was dried at 105 °c for 24 h. 

Powder LAS ceramic precursor was prepared by calcination 
and subsequent milling of grinded xerogel at 750 °c for 2 h.

the powder precursor was next doped with 0.25, 0.50, 
0.75 and 1.00 % wt. hydroxyapatite (ca5(PO4)3oh) working 
as sintering additive (agent of mineralization).

D i f f e r e n t i a l  T h e r m a l  a n a l y s i s
The DTa analysis of the Ca5(PO4)3oh doped powder 

precursor in an air oven at ambient atmospheric condition 
was carried out by tG-DtA Analyzer Setaram 92-18 up to 
temperature 1,400 °c. Applied heating and cooling rate was 
10 °C min–1.

h e a t i n g  m i c r o s c o p y
test piece (cube, a = 3 mm) was prepared by pressing 

of precursor and hydroxyapatite mixture under pressure 
1 mPa. Sample was heated in an air oven at ambient atmos-
pheric condition up to sample melting temperature at heating 
rate 10 °C min–1.

Results
D i f e r e n t i a l  T h e r m a l  a n a l y s i s

Fig. 1. shows the DtA curves of powder precursor with 
hydroxyapatite content from zero to 1 % wt.. the endother-
mic peak at temperature about 1,360–70 °c belong to mel-
ting of sample. Peak shape and temperature (tm) depend on 
concentration of Ca5(PO4)3OH.

the values of melting temperature, that are found 
for individual samples is shown in table i. this table further 
contains the peaks temperature shift against system without 
additive (∆t). 
table i

the DtA curves of cooled powder precursor with hyd-
roxyapatite are shown on Fig. 2. only one exotherm was 
observed in each curve. this peak is associated to crystalli-
zation of glass (tk).

Fig. 1.	 Heating	step	of	DTA	of	the	LAS	powder	precursor	with	
0,	0.25,	0.50,	0.75	and	1.00	%	wt.	Ca5(PO4)3OH
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the values of crystallization temperature, that are found 
for individual samples is shown in table ii. this table further 
contains shift of peaks temperature against crystallization in 
pure LAS system (∆t).

the shift of baseline, which takes place in samples with 
hydroxyapatite content equal and higher than 0.25 % wt. was 
recognized as high quartz solid solution phase separation. 
the found values are listed in table iii.

Heating	Microscopy
the dependences of test piece on temperature were 

shown on Fig. 3. height of sample without agent of mine-
ralization has been decreased about 9.5 % on temperature 
interval 600–810 °c due to formation of β-spodumene. this 
process begin at higher temperature if samples containing the 
Ca5(PO4)3OH.

the influence of hydroxyapatite concentration in sample 
on spodumene formation interval and sample melting tempe-
rature is shown in table iv. 

Photos for significant temperatures, whose were taken 
during thermal treatment of sample placed in heat micros-
cope furnace are shown on Fig. 4.

influence of ca5(PO4)3oh content on temperature 

table i
temperature of melting of LAS ceramic (tm) and peak shift 
(Δt) for different ca5(PO4)3oh content. Significat correla-
tion coeficien (r) level is typed bold

 Ca5(PO4)3oh [%] tm [°c] Δt [°c]
 0 1,388.9 –
 0.25 1,368.6 –20.3
 0.50 1,367.0 –21.9
 0.75 1,361.1 –27.8
 1.00 1,359.8 –29.1
 r –0.888 

Fig. 2.	 Cooling	step	of	DTA	of	the	LAS	powder	precursor	with	
0,	0.25,	0.50,	0.75	and	1.00	%	wt.	Ca5(PO4)3OH

table ii
crystallization peaks temperature and peak shift (Δt) for dif-
ferent Ca5(PO4)3OH content. Significant correlation coeffici-
ent (r) level is typed bold

 Ca5(PO4)3oh [%] tk [°C] ΔT [°C]
 0 1,333.1 –
 0.25 1,290.8 –42.3
 0.50 1,279.8 –53.3
 0.75 1,281.2 –51.9
 1.00 1,267.0 –66.1
 r –0.885 

table iii
the phase separation temperature for different Ca5(PO4)3OH 
content in heating (Tg,1) and cooling (Tg,2) step

 Ca5(PO4)3oh [%] tg,1 [°C] Tg,2 [°C]
 0 – –
 0.25 – –
 0.50 1,292.9 1,113.7
 0.75 1,305.4 1,158.0
 1.00 1,343.3 1,166.6

Fig. 3.	 Heat	microscopy	of	the	LAS	powder	precursor	with	0,	
0.25,	0.50,	0.75	and	1.00	%	wt.	Ca5(PO4)3OH

table iv
temperature synthesis of spodumene (ts) and melting of 
sample (tm). Significant correlation coefficient (r) level is 
typed bold

 Ca5(PO4)3oh [%] ts [°C] Tm [°C]
 0 600–805 1,335.5
 0.25 792–918 1,337.0
 0.50 767–1,016 1,325.2
 0.75 789–997 1,325.2
 1.00 789–957 1,316.1
 r  –0.933



Chem. Listy, 102, s265–s1311 (2008) Chemistry of Inorganic Materials

s899

of sintering, deformation, hemisphere a pouring of melt is 
shown in table v. 
Conclusions

in presence of hydroxyapatite is spodumene stabilized 
in solid solution with β-Sio2 (ss) and melting was changed 
from incongruent to congruent. in range from 0 to 1.0 % wt. 
of Ca5(PO4)3oh content has been melting temperature fall 
about 29.1 °c. 

Solid solution immiscibility process was proceed in 
samples with ca5(PO4)3oh concentration 0.50 % wt. and hi-
gher. temperature of process has been increased with content 
of hydroxyapatite.

temperature of sample melting and β-Sio2 (ss) precipi-
tation has been decreased with increasing content of hydro-
xyapatite.

in presence of hydroxyapatite in the sample, the tem-
perature of the β-spodumene formation was shifted to hi-
gher temperature. temperature of β-spodumene was average 
increased about 184 ± 6 °c.

Significant negative correlation of melting temperature 
on hydroxyapatite content in the sample was found by hea-
ting microscopy. in range from 0 to 1.0 % wt. can by this 
relationship expressed as:

5 4 3m ( ( ) )T 1337.9 20.24 C a P O O Hw= − . (1)

Significant thermal points, i.e. temperature of sinter-
ing, deformation, hemisphere and melting, has generally de-
creased in presence of ca5(PO4)3OH.

This work has been supported by MŠMT poject NPV 
– NHV – 1 number 2B08024.
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Fig. 4.	 Picture	of	powder	precursor	test	peace	at	temperature	
of	sintering,	deformation,	hemisphere	and	pouring

table v
the significant thermal points of fired LAS powder precursor 
with different Ca5(PO4)3OH content

 Ca5(PO4)3OH [%] Sintering [°c] Deformation [°c]
 0 1,300 1,350
 0.25 1,325 1,350
 0.50 1,300 1,325
 0.75 1,300 1,325
 1.00 1,250 1,300
 Ca5(PO4)3OH [%] hemisphere [°c] Pouring [°c]
 0 1,375 1,400
 0.25 1,360 1,380
 0.50 1,350 1,370
 0.75 1,350 1,370
 1.00 1,350 1,360
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FrAntiŠEk ŠOukaL and tomáŠ OPraVIL
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Introduction
heterogeneous catalysis is the most promising techno-

logy for the reduction of environmental pollution in soil, air 
and water. the pillared clays (PiLcs) are an interesting group 
of microporous materials, because they combined catalytic 
activity, porous structure and surface acidity. the PiLcs have 
great potential either as support or directly as catalyst. Pilla-
red clays were prepared by calcination of intercalate of clay 
minerals (smectite and mica group) with polynuclear metal 
cation. Specific surface are higher than 300 m2 g–1.1–5 

Generally is the synthesis of tiLcs with well defined 
bidimensional zeolite structure and good thermal stability 
difficult, because obtaining of adequate polymeric catio-
nic species depends on several related parameters. the bes 
results were reached by acidic (hcl, h2SO4...) hydrolysis of 
TiCl4 or Ti(OC3H7)4 (TTIP)2.

interlayer surface of tio2 pillared montmorillonite 
is hydrophobic and that hydrophobic interaction between 
adsorbate and interlayer surface of the pillared clay is one of 
the most predominant factors in adsorption of various orga-
nic compounds. Surface hydrophobicity of tio2 pillared clay 
has been increasing in the order saponite < fluorine hectori-
te < montmorillonite < fluorine mica3.

the aim of this work is preparation, characterization and 
study of the efficiency of the na-kaolin/tio2 and metakao-
lin/tio2 catalysts. the catalytic performance was compared 
with pure na-kaolin. Simultaneous tG-DtA (tG-DtA Ana-
lyzer Setaram 92-18), infrared spectroscopy (Ft-ir Analyzer 
nicolet impact 400), X-ray diffraction (Difractometer X´Pert 
Philips) were used for investigation of prepared samples.

Experimental
Washed kaolin Sedlec ia produced by Sedlecký kaolin 

a.s. was used for sample preparation. content of kaolin is hi-
gher than 90 % wt. with equivalent diameter grain median 
in range 1.2–1.4 µm. the main impurities are mica group 
minerals and quartz. the content of colorant oxides – hema-
tite (α-Fe2O3) and tetragonal TiO2 (rutile), is lower than 0.85 
and 0.2 % wt., respectively.

two kinds of catalyst were prepared by hydrolysis 
of TiCl4 in 30 % wt. aqueous suspension of washed na-kao-
lin:

kaolin/tio2,
metakaolin/tio2

titanium tetrachloride was introduced in to stirred sus-
pension in the flow of carrier gas (argon) at laboratory tempe-

•
•

rature for 30 min. the suspension was deposit on the surface 
of substrate – glass balls with diameter about 5 mm. Film on 
the glass support was solidified by drying at laboratory tem-
perature for 24 h. metakaolin/tio2 type sample was still cal-
cined at 600 °c for 2 h. Purely kaolin deposited on the glass 
support surface was used as standard.

catalytic performance of prepared catalysts was exami-
ned on flow reactor in temperature range from 100 to 400 °c. 
the ordering of experiment is shown on Fig. 1. Ethanol vapor 
was flow (1.48 mol min–1) through heated catalyst in the flow 
of carrier gas (12.85 cm3 min–1). in periodic interval was into 
reactor introduced oxygen from 356.4 cm3 stack pressurized 
to 700 mbar. concentration of oxygen in reactor leaving gas 
was measured by oxymeter. 

relative degree of conversion (αr) and extend of reac-
tion (ξr) were evaluated as follow:

There ak and akT are peaks area obtained for pure kao-
lin and kaolin (metakaolin)/tio2 catalyst, respectively. the 
denominator value in (2) is equal to stoicheiometric coeffici-
ent of ethanol (νO2 = –3) in reaction:

2 5 2 2 2C H OH 3O 2 CO 3H O+ → +  (3)

values of αr and ξr can be converting according to (4).

Fig. 1.	 Schematic	representation	of	the	apparatus	for	investiga-
tion	of	catalytic	performance

, (1)

, (2)

 (4)
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Results
T h e r m a l  a n a l y s i s

tG-DtA experiments results is shown on Fig. 2. there 
are endothermic peak at 525 °c accompanied with sample 
mass decrease about 8 % wt. and exothermic peak at 984 °c. 
Any changes takes place at this temperature.

Endoterm belong to course of dehydroxylation process 
of kaolin to metakaolin. cubic phase formation – spinel 
phase (2Al2O3

. 3SiO2) or γ-Al2O3, is on the contrary exother-
mic process.

i n f r a r e d  S p e c t r o s c o p y
Fig. 3. show Ft-ir spectrum of kaolin/tio2 and metakao-

lin/tio2 catalyst. the bands located at wavelengths 3,696, 
3,673, 3,652 and 3,619 cm–1 are ν1, ν2, ν3 and ν4 stretching 
of o–h bonds in outer (ν1–3) and inner hydroxyl groups (ν4) 
of kaolinite. Bending and translation modes of these groups 
are appeared at 939, 912 and 791, 754 cm–1, respectively. 

the broad band centered at 3,440 cm–1 and band located 
at 1,634 cm–1 belongs to o–h bond stretching and bending 

of surface adsorbed water molecules, respectively. Bands at 
1,115, 1,032 and 1,007 cm–1 are stretching, symmetric and 
asymmetric stretching of Si–(apical)o and Si–o–Si, respecti-
vely. Bending vibration is appearing at 421 cm–1. The Si–O–al  
and Al–o out of plane deformation shows the band at wave-
lengths 536 and 496 cm–1, respectively.

the calcination leads to dehydroxylation of kaolinite 
and product of ticl4 hydrolysis – TiO(OH)2. Sample may 
also contain a small amount of tiocl2. the o-h bands were 
almost disappeared during this process, but small amount of 
“residual hydroxyl groups” is still present. the Si–o bond 
stretching and bending modes show lose of his selectivity.

X - r a y  D i f f r a c t i o n 
the XrD patterns on Fig. 3.(a) show intensities of 

kaolinite and other component of applied kaolin Sedlec ia 
– montmorillonite, hematite and quartz. Anatase was formed 
via titanium tetrachloride hydrolysis. metakaolin is amor-
phous and diffractions related to kaolinite were disappeared 
after sample calcination (b).

Fig. 2.	 TG-DTA	of	kaolin	(a)	and	kaolin/TiO2	catalyst	(b)

Fig. 3.	 baseline	corrected	infrared	spectrum	of	kaolin/TiO2	(a)	
and	metakaolin/TiO2 catalyst (b): ■ kaolinite bands, ● product 
of	hydrolysis	of	TiCl4, ▲ molecules of surface adsorbed water

Fig. 4.	 Powder	XRD	patterns	of	the	kaolin/TiO2	catalyst	before	
(a)	and	after	calcination	(b)

Fig. 5:	 Results	obtained	for	kaolin	Sedlec	Ia
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C a t a l y t i c  P e r f o r m a n c e
recorded data about answer of catalyst on oxygen 

“pulse” is for kaolin shown on Fig. 5. individual peaks were 
next integrated due to determination of their area, height and 
width. results obtained for kaolin is of Fig. 6. Analogical 
procedures were applied on kaolin or metakaolin/tio2 cata-
lyst.

catalytic performance results obtained for kaolin/tio2 
system is shown on Fig. 7. the process is strongly influenced 
by thermal behavior of product of ticl4 hydrolysis. Water 
evolving during dehydroxylation process was influenced of 
specific surface of catalyst and partial water vapor pressure 
(pH2O) over sample. Exchange adsorption of ethanol on the 
internal catalyst surface is influenced by pH2O value.

temperature dependence of relative degree of conver-
sion (αr) and extend of reaction (ξr) are plotted on Fig. 9.(a) 
and (b). the best results were found for 300 °c.

result obtained for metakaolin/tio2 system is shown on 
Fig.8 and temperature dependence of αr and ξr are plotted 
on Fig. 9(c) and (d).Fig. 6.	 Changes	of	oxygen	peaks	parameters	with	temperature	

for	kaolin	Sedlec	Ia:	area	(a),	height	(b)	and	width	(c).	Correla-
tion matrix is shown on (d). Significant correlation level is typed 
by	bold

Fig. 7.	 Changes	of	oxygen	peaks	parameters	with	temperature	
for	kaolin/TiO2	system:	area	(a),	height	(b)	and	width	(c).	Corre-
lation	matrix	is	shown	on	(d)

Fig. 8.	 Changes	of	oxygen	peaks	parameters	with	temperature	
for	metakaolin/TiO2	system:	area	(a),	height	(b)	and	width	(c).	
Correlation matrix is shown on (d). Significant correlation level 
is	typed	by	bold.

Fig. 9.	 Temperature	dependences	of	relative	degree	of	conver-
sion (αr) and extend of reaction (ξr)
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Conclusions
The TiCl4 hydrolysis product shows any significant 

influence on the results of tG-DtA experiment. Dehydroxy-
lation peak was slightly increased about 2.5 °c. temperature 
formation of cubic phase isn’t influenced. 

Peaks height and width must depend of specific surface 
of catalytic system. While value of the first parameter has 
decreased with growth of specific surface, the second has 
increased.

Area of peak is directly proportional to amount of moles 
of oxygen. the minimum values of αr was found for kaolin/
TiO2 catalyst at 250 °c, due to course of tio(oh)2 dehyd-
roxylation. 

High pH2O value makes adsorption of ethanol on the 
catalyst surface more difficult. temperature 300 °c show 
the best catalytic performance, because dehydroxylation of 
TiO(OH)2 be on the wane and kaolinite dehydroxylation 
doesn’t proceed till this time.

the metakaolin/tio2 catalyst show higher catalytic 
performance than kaolin on temperature interval from 350 

to 350 °c. Dehydroxylation has in general negative influence 
on catalytic performance, because this process leads to speci-
fic surface reduction.

This work has been supported by MŠMT poject NPV 
– NHV – 1 number 2B08024.
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P19	 DEPOSITION	OF	THE	TiO2	ON	A	GLASS	AND	
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Introduction
Photocatalysis has recently become a common word and 

various products using photocatalytic functions have been 
commercialized. Photocatalytical self cleaning surfaces offer 
many advantages in household, construction, industrial and 
medical sectors. Among many candidates for photocatalysts, 
TiO2 is almost the only material suitable for industrial use at 
present and also probably in the future. this is because tio2 
has the most efficient photoactivity, the highest stability and 
the lowest cost1,2.

Experimental
Deposition of the tio2 on a glass and ceramics surface 

was provided by precipitation of gas phase at temperature 
of 22, 100, 200, 300, 400 and 500 °c for 3 hours (1). ticl4 
(Lachema, p.a., in gaseous state) and water vapour in current 
of argon were leaded into tempered tube reactor within three 
supports (glass or ceramics). Flow rate of argon was regu-
lated at 30 cm3 min–1. the ordering of experiment is schema-
tically drawing in Fig. 1.

4  (g) 2 (g) 2 (s) (g)TiCl 2H O TiO 4HCl+ → +  (1)

Surface of support was studied by the optical micros-
copy. the photos of tio2 layer were taken by olympus BX 
50F4.

unprecipitated ticl4 went out from reactor at the tem-
perature of 500 °c and hydrolyzed in water bath or tosil 
(koma, s.r.o., colloidal solution of Sio2, 30 % wt. of Sio2). 
temperature of tosil was 20, 40, 50 and 60 °c.

TiO2 dispersion in water and Sio2–TiO2 hydrosol were 
analyzed by infrared spectroscopy (Ft-ir spectroscope 
nicolet imapct 400), particulates size distribution (Zetasizer 

3000hS), differential thermic analysis (tG-DtA Analyzer 
SEtArAm 92–18) and X-rays diffraction.

Results
the morphological properties depend on temperature. 

Polycrystalline agglomerates arise from decreased tempe-
ratures whereas continuous layer come up from increased 
temperature. Further quality of substrate’s surface proves on 
appearance deposit layer. Sintered corundum ceramics have 
much more active adsorptive centres (e.g. edges and tops of 
crystal).

System which is created by hydrolysis ticl4 appro-
aches monodispersive. it results from shape distribution 
curve (Fig. 2.). the fraction has major representation about 
233.3 nm particles size and minor about 293.7 nm.

Distribution curves Sio2–TiO2 hydrosol indicate three 
peaks (Fig 3.). the first part shows Sio2 particles size  

Fig. 1.	 Ordering	of	the	experiment

table i
Layers of TiO2 on glass and ceramics support (place in the 
middle of tube reactor)

 t [°c] Glass support ceramics support

 22

 200

 500
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(Fig. 3. (a) peak 7.6 nm, (b) peak 7.1 nm), the most of tio2 
particles are included in the second part (Fig. 3. (a) peak 
121.1 nm, (b) peak 90 nm) and the third peak proves the par-
ticles coagulation.

the Ft-ir spectrogram contains only absorption bands 
of silica (Fig 4.). Assign of recognized peaks are summarized 
in table ii.

Conclusions
the presented work compares tio2 layers on glass sur-

face with layers on ceramics surface. morphological charac-
teristic TiO2 layer is significantly influenced by temperature 
of deposition and substrates type. Smaller tio2 particles arise 
by hydrolysis ticl4 in tosil than hydrolysis in water.
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Fig. 2.	 TiO2	dispersion	in	water

Fig. 3.	 SiO2	–	TiO2	 hydrosol	 prepared	 at	 20	°C	 under	 ultra-
sound	treatment

Fig. 4.	 SiO2	–	TiO2	 hydrosol	 prepared	 at	 50	°C	 under	 ultra-
sound	treatment

Fig. 5:	 FT-IR	SiO2	–	TiO2	hydrosol	prepared	at	20	°C

table ii
Peaks assignment

 T [°C] 20 assignment
  1,203.8 δ(ti – oh)
  1,112.6 ν(Si – o)
 1/λ 1,055.3 ν(Si – oh)
 [cm – 1] 959.2 νs(Si – O – Si)
  798.4 γ(Si – o – Si)
  473.4 δ(Si – o – Si)
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Introduction
the nature of the cement production process allows uti-

lizing various secondary raw materials and wastes. one of 
such wastes is the meat and bone meal (mBm). this material, 
especially if coming from herds in which BSE-positive cows 
were identified, has to be liquidated by a high-temperature 
process. this can be done in incineration plants, but also in 
rotary cement kilns. the advantage of the latter is that mBm 
is utilized as a low-grade1 fuel and at the same time it is de-
graded and the hazardous substances are liquidated, while its 
incombustible components are built in the clinker. the main 
problem is the relatively high P2O5 content, contained in the 
ash as calcium phosphate. P2O5 influences the properties of 
the clinker melt2, enters the structure of clinker minerals, 
and influences the phase composition of clinker3–5 and thus 
also the quality of cement4,5. So far, the common cement 
production practice is that only such amounts of mBm are 
combusted that do not adversely affect the clinker proper-
ties. maximum safe amount is around 0.5 % wt.P2O5 in the 
clinker (only exceptionally more6). We assume that the study 
of reaction kinetics and of the phase changes in clinkers con-
taining P2O5 will enable to produce clinker with much higher 
levels of this oxide without negative impact on clinker prop-
erties, along with discovering new findings on its influence 
on clinker minerals.

Methods	and	Results
the raw meal for laboratory experiments, prepared from 

common raw materials, was mixed to have the following 
basic chemical parameters: SLP = 98, ms = 2.3 a ma = 1.8. 
P2O5 was added to this basic raw meal in graded amounts of 
finely ground ca3(PO4)2 or ashed MBM.

the burning of these P2O5-enriched raw meals was 
performed in a superkantal oven in equilibrium- as well as 
non-equilibrium burning regime at 1,450 °c. Quantitative 
phase composition was determined by microscopic point 
counting7 and the chemical composition of clinker minerals 
by spot microanalyses performed with electron microprobe 
cAmEcA SX100 (accelerating voltage 15 kv, beam current 
20 na).

the results obtained with mBm ash were in equilib-
rium-burned clinkers very similar to those acquired with raw 
meals enriched with pure ca3(PO4)2. incompletion of reac-
tions in non-equilibrium burnings of raw meals blended with 

mBm ash leads to the increased volumes of the clinker melt, 
to incomplete consumption of free lime at low P2O5 contents 
in clinker, and to the increase of alite proportion in clinkers 
high in P2O5. the trend of the influence of P2O5 on the phase 
composition of clinker is nevertheless the same, with criti-
cal limit around 0.7 % wt. P2O5 in clinker, when the c2S and 
free lime proportions start to enhance on the expense of c3S 
(Fig. 1.).

the results of electron microanalysis indicate that both 
in alite and in belite the increase in P2O5 in clinker leads to 
the decrease of SiO2, TiO2 and MnO, and to an increase of 
P2O5, al2O3, mgo, na2O, and k2o. All minor oxides (besides 
mgo) are in belite present in higher levels than in alite.

An interesting finding ensued from the compari-
son of concentrations of P2O5 and al2O3 (Fig. 2.). it oc-
curs that P enters the structure of both clinker minerals at 
least partially through the so called berlinite substitution: 
al3+ + P5+ ↔ 2Si4+, where AlPo4 (the berlinite component), 
isostructural with quartz, substitutes Sio4 tetrahedrons. The 
berlinite substitution is the more important, the higher is the 
P2O5 content in clinker.

Based on the obtained results, experiments aimed on 
more detailed elucidation of the entry of P2O5 into clinker 
phases in the presence of Al2O3 were run. For the burning 
of clinkers without either Al2O3 or Fe2O3, raw meals were 
blended from pure components; the theoretical content of 
P2O5 in clinker was chosen to be 0, 1, 3 and 5 % wt. (added 
as Ca3(PO4)2).

the phase composition of such equilibrium-burned 
clinkers without Al2O3 develops in relation to the P2O5 levels 
in a way similar to the common clinker with all four main 
oxides. the degree of alite conversion is anyway higher with 
increasing P2O5 content and as the al2O3 is missing, the in-
terstitial mass is formed above all by c2F. in clinkers without 
Fe2O3 the evolution of phase composition is distinctly differ-
ent. the alite proportion in these clinkers is at the same lime 
saturation lower, but the negative impact of P2O5 on alite 
formation manifests itself only at the theoretical content of 
3 % wt. P2O5 in clinker; and at the content of 5 % wt., certain 

Fig. 1. The influence of P2O5	 content	 (added	 in	 the	 form	 of	
MbM ash) on the phase composition of non-equilibrium burned 
clinkers	(IM	–	interstitial	mass)



Chem. Listy, 102, s265–s1311 (2008) Chemistry of Inorganic Materials

s907

small amount of alite still forms. mutual comparison of alite 
contents in individual clinkers from all three series of experi-
ments is shown on Fig. 3.

Discussion	and	Conclusions
the experiments have confirmed that P2O5 has distinctly 

negative impact on the nucleation of alite and that it stabilizes 
belite by entering the structure of c2S, forming a solid solu-
tion with c3P.

Starting from 0.7 % wt. P2O5 in the clinker, negative 
impact of P2O5 on the phase composition of clinker was ob-
served, involving the increase of belite and free lime con-
tents on the expense of alite. Even after four hours burning 
at 1,450 °c, which can be considered due to their length as 
equilibrium, with increasing P2O5 full reacting of free lime 
with belite to alite does not happen. 4.5 % wt. of P2O5 in 
clinker completely block the formation of alite. the result of 
P2O5 addition is similar to that of SO3(ref.8), but the mecha-
nism of their operation is most probably different.

Electron microanalysis documented distinctly increas-
ing content of P2O5 in the structure of clinker silicates, above 
all of belite, with increasing bulk P2O5 content in clinker. 
it was found that P enters the structure of both clinker 
silicates partially by means of the berlinite substitution: 
al3+ + P5+ ↔ 2Si4+. 

these findings led to experiments with clinker com-
posed of only three main oxides, i.e. without either Al2O3 or 
without Fe2O3. it was found that the raw meal mix without 
Fe2O3, characteristic for clinkers used for production of white 
cement, to a certain extent eliminates the negative effect of 
P2O5 on the alite formation.

This article was worked out within the frame of Ministry 
of Industry and Trade of the Czech Republic project No. FT-
TA3/026.
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Fig. 2.	 Relationship	between	average	P2O5	and	Al2O3	contents	
in	belite.	Each	point	represents	an	average	of	15–20	spot	analy-
ses. (1 – non-equilibrium burning, MbM addition, 2 – equilib-
rium burning, MbM addition, 3 – equilibrium burning, MbM 
addition,	C3P	addition)

Fig. 3.	 The	dependence	of	alite	content	on	the	theoretical	con-
centration	of	P2O5	 in	clinker	(S	–	clinkers	with	4	main	oxides,	
S-A	–	clinkers	without	Fe2O3,	S-F	–	clinkers	without	Al2O3)
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Introduction
Lots of important material parameters of high perfor-

mance concrete (hPc) can be improved by application of 
chemical modifying admixtures called superplasticizers 
(SP). Also the desired properties can be achieved by proper 
mixture design. this work is aimed at the study of the com-
pressive and flexural strength of high performance concrete 
(hPc) as the function of its composition. the influence of 
the hPc composition on hydration process was observed by 
means of isoperbolic calorimetry.

Experimental
the mixtures composition was selected as the constitu-

tion of ordinary used hPc (table i). constituents used for 
hPc preparation were: white cement (A), silica fume (S), 
finely ground granulated blast furnace slag (vPS), finely 
ground silica (Suk), calcinated bauxite (B), polycarboxy-
late superplasticizer (SP) and water. the compressive and 
flexural strength of hPc prepared was measured after 28 day 
moist curing.

the influence of hPc composition on hydration process 
was observed by means of isoperbolic calorimetry. From 
obtained calorimetric curves, the maximal achieved tempe-
rature and time from mixing to reaching this temperature was 
evaluated.

Results
the controlling samples of cement and one consti-

tuent studied was prepared. Flexural strength of these 
mixtures decreased in the following sequence: silica 
fume > Suk > vPS > bauxite and compressive strength in this 
sequence: silica fume > vPS > Suk > bauxite.

From mixtures prepared by combination of selected 
components, the highest strength was measured in mixtures  
 

table i
the constitution of mixtures

 number of A S B Suk vPS SP h2O
 mixture [g] [g] [g] [g] [g] [g] [g]
 1 750 300 1,050 0 0 25 148
 2 750 225 500 0 0 25 130
 3 750 300 1,050 150 0 25 171.5
 4 750 300 1,050 0 150 25 176
 5 750 300 1,050 150 150 25 189
 6 750 300 500 0 0 25 148
 7 750 300 0 300 300 25 205
 8 750 300 500 300 300 25 215
 9 750 300 500 150 150 25 180
 10 750 300 500 300 300 25 220
 11 750 150 0 150 150 25 169.5
 12 750 150 500 0 0 25 110
 13 750 0 500 0 0 25 176.5
 14 750 300 0 0 0 25 130
 15 750 0 0 300 0 25 173
 16 750 0 0 0 300 25 207
 17 750 0 500 150 0 25 172
 18 750 0 500 0 150 25 175

table ii
the constitution of mixtures

 number max. time of max Flexural compressive
 of temperature temperature strength strength
 mixture [°c] [hours] [mPa] [mPa]
 1 32.35 12.54 18.87 154.40
 2 36.11 10.65 19.66 146.80
 3 33.64 11.58 22.76 160.30
 4 31.81 10.59 20.55 161.20
 5 31.15 11.24 21.26 145.10
 6 36.05 11.44 16.03 123.05
 7 34.85 8.95 19.5 147.90
 8 32.44 9.03 20.6 139.80
 9 34.31 8.19 17.77 133.70
 10 34.09 6.21 20.23 138.48
 11 41.33 6.80 17.92 147.48
 12 36.00 7.36 20.27 164.10
 13 39.88 7.21 10.31 98.50
 14 42.41 10.51 14.48 140.55
 15 43.49 8.75 13.34 102.40
 16 44.80 9.22 9.53 123.40
 17 37.45 8.91 13.28 125.20
 18 37.82 10.44 14.34 123.20

Fig. 1. Influence of water to binder ratio on temperature 	
changes
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with cement, silica fume, bauxite and only minimal amount 
of other components.

the influence of water to binder ratio on temperature 
changes was observed by measuring of mixture with all com-
ponents and different amounts of added water.

When the w/b ratio is increased, total amount of heat 
is increased too. the temperature is increasing only to fixed 
amount of added water. increasing the quantity of added 
water results in better contact of elements with water and 
hence supports the heat releasing hydration reaction. When 
the amount of added water is higher than quantum necessary 
for the hydration processes, this water becomes the “inert 
water”, which does not contribute to the hydration, hence the 
maximum temperature reached during the hydration process 
is lowered.

From evaluated data (table ii) we can see, that as 
expected the highest temperature was reached by the mixtu-
res with the highest amount of cement. 

When some cement is replaced by other component, the 
maximum temperature and heat release is decreased. this 
decreasing is probably possible thanks to reaction of compo-
nents with free lime, which going to decreasing of ph value. 
When the ph is changed, total heat of reactions is changed 
too. the bauxite is probably use as “inert element”, which is 
effecting similarly as “inert water”. For decreasing of maxi-
mum temperature are components more effectively in this 
sequence: bauxite > silica fume > Suk > vPS. 

Some constituents studied also caused the retardation of 
the hydration process, which can be observed on the calori-
metric curves as the shift of the second peak maximum. the 
constituents used are increasing time of hydration process in 
following sequence: silica fume > vPS > Suk > bauxite.

When we change some dosage of cement by other com-
ponents, may be maximum temperature decreased by 20 °c 
and time of hydration increased two times. in compare with 
measuring of strength we can look that the highest strength is 
in mixtures with lower maximum temperature.

Conclusions
the compressive and flexural strength of hPc prepared 

was measured after 28 day moist curing. the influence of hPc 
composition on hydration process was observed by means of 
isoperbolic calorimetry. From obtained calorimetric curves, 
the maximal achieved temperature and time from mixing to 
reaching this temperature was evaluated. Flexural strength of 
prepared mixtures decreased in the following sequence: silica 
fume > Suk > vPS > bauxite and compressive strength in this 
sequence: silica fume > vPS > Suk > bauxite. For decreasing 
of maximum temperature are components more effectively in 
this sequence: bauxite > silica fume > Suk > vPS, for increa-
sing time of hydration process in following sequence: silica 
fume > vPS > Suk > bauxite.

 (a) (b)
Fig. 2.	 Decreasing	of	the	maximum	temperature	and	delaying	of	the	second	peak	on	the	hydration	curve

Fig. 3.	 The	changes	in	hydration	process	by	using	of	other	com-
ponents
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Introduction
nowadays a part of hydrated cementitious materials 

research branch is focused on the polymer-cement composites 
with unusual manufacture qualities. the high-strength poly-
mer-cement composites based on a water-soluble polymer 
are also known as macrodefect-free (mDF) composites. the 
name originates from its typical structure free of macrode-
fects such as large pores and flaws. mDFs have a privileged 
position due to its superior mechanical properties in the field 
of cementitious materials. its flexural strength is reaching up 
to 300 mPa compared with values of about 5 mPa typical 
ones for ordinary Portland cement paste. the strength impro-
vement is reached only by addition of up to 10 % of polymer 
and subsequent high-shear processing1.

macrodefect-free composites exhibit high sensitivity to 
moisture2 due to its water-soluble polymer that interpenetrates 
throughout the whole bulk of composite forming an organo-
inorganic matrix. the used polyvinylalcohol-acetate polymer 
forms the matrix with hydration product of aluminate cement 
during the high-shear processing and especially during the 
subsequent curing. the curing condition such as temperature 
and moisture plays important role in the matrix formation and 
further chemical composition and physical properties.

Experimental
the tested mDF composites were prepared using alu-

minate cement Secar 51 (Lafarge Aluminates) whose major 
phase is cao . al2O3 supplemented with 12cao . 7al2O3, 
2CaO . al2O3 and CaO . TiO2 with total Al2O3 content above 
50 % and with polyvinylalcoholacetate Sloviol P-8810 
(nchZ) of hydrolysis degree 88 % and viscosity of 4% water 
solution 11.6 mPa s.

cement with polymer was mixed in amount from 2 up 
to 7.5 % wt. the water was added certainly to obtain an opti-
mal consistency for subsequent high-shear processing. the 
water – solidus ratio varied around the value of 0.16. 1 % wt. 
of superplasticizer Glenium c151 (Degussa) was also added. 
the mixture of cement, polymer, water and superplastici-
zer was compacted and high-shear processed with twin-roll 
mixer. 100 × 20 × 2 mm sized thin specimens were pressed at 
5 mPa to constant pressure. these specimens were heated at 
20, 40, 60, 80 and 100 °c in open atmosphere and afterwards 
for 1 and 7 days put into three types of surroundings – dry 
(polyethylene bags), moist (at almost 100% rh.) and immer-
sed in water.

After 1 or 7 days of curing the specimen’s flexural 
strength was tested in three-point bend instrumentation with 
40 mm distance of supports.

Results
the flexural strength results of tested composites with 

different polymer content, cured at various temperatures and 
moisture conditions are shown at Figs. 1.–5. the results are 
divided according to moisture conditions to five histograms. 
the first graph at Fig. 1. represents samples cured in dry con-
dition in closed PE bags. the effect of moisture was studied 
in two intensities – at almost 100% relative humidity and 
immersed in water, and after two periods – 1 day and 7 days, 
that is shown at following four histograms at Figs. 2.–5. 
Flexural strength is served in dependence on polymer content 
together with curing temperature.

Fig. 1. shows that composites with given polymer con-
tent have different flexural strength dependence on curing 
temperature stored in dry conditions. the highest flexu-
ral strengths at given polymer dosage are following: 2.5 % 
– 40 mPa at 80 °c, 4 % – 43 mPa at 40 °c, 6 % – 56 mPa at 
60 °c and 7.5% – 61 mPa at 60 °c.

Samples cured at almost 100% relative humidity (Fig. 2. 
and Fig. 3.) generally exhibits lower flexural strength com-
pared with that ones cured in dry atmosphere. the strength 
decrease at higher polymer content is over 50 % and at lower 
polymer content (2.5 %) about 30 %. it can be explained by 
lower initial strengths due to insufficient polymer content. At 
curing temperature of 60 and 80 °c the decrease is more out-
standing (up to 75 %).on the other hand the most expressive 

Fig. 1.	 Flexural	 strength	 of	 MDF	 composites	 with	 different	
polymer	content	and	curing	 temperature,	cured	 in	dry	atmos-
phere
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difference is at 100 °c. After 1 day of moist curing the flexu-
ral strengths keep almost the same values compared with dry 
curing, whereas flexural strengths after 7 days of moist curing 
are very low especially at polymer content of 7.5 %, where 
the flexural strength exhibits only almost 10 % of the initial 

value. composites cured at other temperatures generally are 
not influenced by time of moist curing.

mDF composites immersed in water for 1 day (see 
Fig. 4.) exhibit overall more lower flexural strengths than 
composites cured in moist atmosphere. one significant irre-

Fig. 2.	 Flexural	 strength	 of	 MDF	 composites	 with	 different	
polymer	 content,	 curing	 temperature,	 cured	 in	 moist	 atmos-
phere	for	1	day

Fig. 3.	 Flexural	 strength	 of	 MDF	 composites	 with	 different	
polymer	 content,	 curing	 temperature,	 cured	 in	 moist	 atmos-
phere	for	7	days

Fig. 4.	 Flexural	 strength	 of	 MDF	 composites	 with	 different	
polymer	 content,	 curing	 temperature,	 immersed	 in	 water	 for		
1	day

Fig. 5.	 Flexural	 strength	 of	 MDF	 composites	 with	 different	
polymer	 content,	 curing	 temperature,	 immersed	 in	 water	 for		
7	days
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gularity is in the case of composites cured at 60 °c. these 
samples have almost the same flexural strength like that 
ones cured in dry atmosphere. on the other hand composi-
tes immersed for 7 days exhibits markedly lower decrease of 
flexural strength. the lower polymer content and temperature 
is, the lower decrease is monitored. Polymer in mDF compo-
sites immersed in water is washed out during the first day that 
leads to very porous structure and lower strength. in the fol-
lowing period up to 7 days of immersion water come into the 
open pores and the non-hydrated cement grains undergoes 
further hydration. Large pores after polymer agglomerates 
are filled with Al(oh)3 precipitated from solution and cAh 
gel forms the binder matrix. therefore the flexural strength 
of mDF composites after longer immersion increases again.

Conclusions
Prepared mDF composites exhibits extreme mechani-

cal properties in terms of cementitious materials. the best 
reached flexural strength was 61.3 mPa in the case of 7.5 % 
of PvAl cured at 60 °c. overall the best performing com-
posite consist of 6 % of PvAl at all curing temperatures. its 
best flexural strength was reached after curing at 60 °c in the 
value of 55.7 mPa.

Generally, the mechanical properties of tested compo-
sites were significantly influenced by contact with water. 
Samples stored in moist atmosphere for 7 days exhibited hi-
gher strength decrease then that ones stored for only 1 day. 
immersion in waterfor 1 day leads to even higher strength 
fault compared with moist atmosphere. on the other hand 
the longer storage under water evoked follow-up increase of 
flexural strength. in the first stage polymer was washed up 
from pores of composite and subsequently water hydrated 
exposed clinker grains throughout the open pores.

This work has been supported by project MPO ČR 
FT-TA3/026
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Fig. 6.	 Image	in	polarized	light	of	thin	section	of	MDF	compo-
site	containing	6	%	of	polymer	after	7	days	in	moist	atmosphere

Fig. 7.	 SEM	 image	 of	 thin	 section	 of	 MDF	 composite	 contai-
ning	6	%	of	polymer	after	7	days	of	immersion	in	water
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Introduction
nowadays an extensive research is aimed to polymer-

cement materials. Generally, two ways can be mentioned how 
to combine organic polymer with the inorganic cement. the 
first one is concrete impregnation with polymer, where poly-
mer in form of solution, emulsion or dispersion is transported 
into the open pore structure of concrete. the second type of 
these materials is the polymer modified concrete (Pmc), 
where the polymer is mixed within fresh cement paste buil-
ding up two component composite binder. the nature of 
mineral phases – polymer chemical interactions decides on 
the consequent properties of composite2.

Polymer latex modified cement composites forms within 
its structure two different binder – cement paste and polymer 
films. Properties of these binders can supplement each other 
due to intramolecular forces interactions. Water from latex is 
consumed during the hydration of cement that leads to forma-
tion of polymer films. interactions of polymer with the sur-
rounding mineral phases are primarily of van der Walls type. 
Almost no chemical bonds are supposed in this system. Latex 
modified mortars exhibit increased flexural strength. Elastic 
polymer films fulfill pores and flaws which avoids premature 
failure of the material. on the other hand pressure strength 
is not so influenced by polymer films formation. its value is 
preferably determined with concretion of gel and crystalline 
phases of hydrated cement1,2.

the paper deals with effect of polymer in latex on 
mechanical properties of latex modified cement materials.

Experimental
P r e p a r a t i o n  a n d  c u r i n g  o f  P m c

there were selected 5 types of latexes according to 
polymer nature. Some of their basic properties are presented 
at table i. Lipaton XA 491 represents styrene-vinylacrylic 
esters (SAE), Lipaton SB 5813 is representative of styrene-
butadiene rubbers (SBr), Plextol × 4002 of polyacrylic esters 
(PAE), Plextol D 509 is latex of copolymer of methylmet-
hacrylate and n-butylacrylate (mBr) and Duvilax BD-20 is 
latex of polyvinylacetate (PvAc). Latexes of series Lipaton 
and Plextol are produced by PolymerLatex company in Ger-
many and Duvilax is produced by Duslo Šala in Slovakia. 
Polymer latexes were combined with Portland cement cEm i 
42.5 r (turňa nad Bodvou, Slovakia).

Polymer latexes were mixed with cement from 1 to 15 % 
of weight to cement. various amount of water was added 
to obtain always the same consistency. Fresh pastes were 

formed to testing beams of dimensions of 20 × 20 × 100 mm. 
thereafter smples were cured in atmosphere of almost 100% 
relative humidity.

Results
m e c h a n i c a l  P r o p e r t i e s

the whole range of tested latexes was primarily tested in 
Pmc pastes of polymer content of 5, 10 and 15 % of weight 
to cement. compressive and flexural strength after 28 days 
of curing was tested as the basic mechanical parameters. For 
comparation a pure cement paste without latex was prepa-
red and its compressive strength was 64.06 mPa and flexural 
strength was 9.14 mPa and this values are marked in graphs 
with red line. the experimental results are shown at Fig. 1. 
and Fig. 2. Polymer latexes Plextol × 4002 (PAE) and Duvilax 
BD-20 (PvAc) in dosage 10 and 15 % markedly fall behind 
the other types in strength parameters. We can see that Pmc 
pastes with PAE and PvAc latex in dosage of 5 % exhibit 
almost the same flexural strength compared with pure cement 
paste. higher polymer dosage leads to decrease of flexural 
strength up to 50 % of initial value. Polymer addition decre-
ased the compresive strength in all cases beyond SBr latex. 
SBr latex decreased compressive strength under the value 
of pure cement paste after dosage of 15 %. PAE and PvAc 

table i
Basic properties of tested polymer latexes

    Polymer latex
 Properties Lipaton Lipaton Plextol Plextol Duvilax
  XA 491 SB5813 X 4002 D 509 BD–20
 Polymer Sae SBr Pae MBr PVac
 Solids
 content 57 48.5 60 50 53.5
 [%]
 ph [20°c] 8.0 8.0 2.0–2.5 7.5 3.0–5.0
 Density 1.04 1.01 1 1.05 –
 [g cm–3]
 Viscosity 500– 30 100– 100– 4,000–
 [mPa s] 4,000  2,000 2,000 19,000

Fig. 1.	 Compressive	strength	of	PMC	after	28	days	of	curing
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latexes leads to compressive strength decrease up to 20 % 
of pure cement paste. therefore the following experiments 
targeted the only three perspective latexes – Lipaton SB 5813 
(SBr), Lipaton XA 491 (SAE) and Plextol D 509 (mBr).

Subsequently the selected polymer latexes were used to 
prepare Pmc pastes of polymer dosage 1, 2.5, 5, 7.5, 10, 12.5 

and 15 % of weight to cement. Again flexural and compres-
sive strength was tested and its results are shown at Fig. 3 
and Fig. 4. At Figs. 3. and 4. we can see that increasing con-
tent of polymer in all cases increases flexural strength and on 
the other hand it decrases compressive strength. the highest 
increase is notable in the case of SBr latex from 10.15 mPa 
up to 25.01 mPa. Pmc pastes with 15 % of polymer reach 
almost double flexural strength in case of SAE and mBr 
latexes and paste with SBr latex reached even triple flexu-
ral strength compared to pure cement paste. SAE latex leads 
to flexural strength increase after 5% addition to paste and 
under this value flexural strength is decreased. compressive 
strength decrease was lowest in pastes with SBr latex again. 
the pastes with polymer dosage up to 10 % exhibited higher 
compressive strength even than pure cement paste. Pmc 
paste with mBr latex holds its compressive strength over the 
pure cement one up to 2.5% of polymer content and paste 
with SAE latex only at 1% dosage.

Pmc paste with the most perspective SBr latex was 
tested also for strength development in time. the experiment 
were hold with 5, 10 and 15 % polymer dosage and compres-
sive and flexural strength was test after 1, 3, 7 and 28 days of 

Fig. 2.	 Flexural	strength	of	PMC	after	28	days	of	curing

Fig. 3.	 Compressive	strength	of	selected	PMC	after	28	days	of	
curing

Fig. 4.	 Flexural	 strength	 of	 selected	 PMC	 after	 28	 days	 of	
curing

Fig. 5.	 Compressive	strength	development	of	PMC	with	 latex	
Sb	5813

Fig. 6.	 Flexural	 strength	 development	 of	 PMC	 with	 latex		
Sb	5813
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hydration. Experimental results are introduced at Figs. 5. and 
6. We can see that increasing polymer content increases also 
flexural strength development and decreases development 
of compressive strength. Producent declared 2–day flexural 
strength of pure cement paste is 3.3 mPa and compressive 
strength 31.1 mPa (red lines in Figs. 5. and 6.). Flexural 
strength development of tested Pmc paste with SBr latex is 
several times faster. Strength development of Pmc paste with 
low polymer dosage significantly slows down after 3 days 
of hydration in contrast to high polymer dosage Pmc paste 
whose strength development rate is quite extensive up to 28 
days of hydration. Development of compressive strength is 
markedly fast up to 3 days in all polymer dosage.

Conclusions
the measured strength characteristics show that the 

most promissing type of polymer latex for preparation of 
polymer modified concrete is styrene-butadiene ruber latex 
(SBr). its 15% addition to cement paste leads to triple flexu-
ral strength after 28 days of hydration, while compressive 

strength is not reduced up to 10% dosage. its flexural strength 
development in time is very fast. it reaches more than 30 % 
of final strength after 1 day of hydration. very good results 
were achieved also with styrene-vinylacrylic ester latex and 
methylmethacrylate n-butylacrylate copolymer latex. they 
higher addition leads to higher compressive strength decre-
ase, therefore they should be preferably used in low dosage. 
Polyacrylic ester latex and polyvinylacetate latex exhibited 
decrease of the compressive even the flexural strength so that 
they are not suitable for Pmc preparation.

This work has been supported by project MPO ČR: 
FT-TA3/026 and project MŠMT NPVII: 2B08024.
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Introduction
Aluminate cement is known since beginning of 20th cen-

tury. After a few collapses of constructions made from alumi-
nate cement its utilization such as construction material was 
prohibited in many countries. nowadays aluminate cement 
finds utilization especially in refractories and some non-tra-
ditional material e.g. macrodefect-free composites.

Ca (CaO . al2O3), the major component of common 
aluminate cements, is responsible for the characteristic 
properties of aluminate cements, namely strength and hyd-
ration rate. Ca2 (CaO . 2al2O3) mineral grossite and C12a7 
(12CaO . 7al2O3) mineral mayenite are usually minor hyd-
raulic phases of aluminate cements, but cA2 can major com-
ponent of high-aluminate cement. their presence influences 
the properties of cement, chiefly hydration rate and early and 
late strength. C3a (3CaO . al2O3) is an important component 
of Portland cement. Although it is not major component, it 
plays significant role in hydration process of Portland cement 
especially in reactions with gypsum.

Despite of cement hydration has been studied for a 
long period and there were established a number of reaction 
mechanisms (Le chatelier, michaelis) and there were identi-
fied some of hydration products, the process of hydration of 
the individual phases has not been clearly explained. in con-
trast to calcium silicates primarily not all the hydration pro-
ducts of calcium aluminates have been identified to date as 
well as their hydration kinetics at various ph environments.

Experimental
P r e p a r a t i o n  o f  h y d r a u l i c  c a l c i u m 
A l u m i n a t e  P h a s e s

calcium aluminate phases can be prepared in several 
ways. the most common preparation method is based on 
solid phase clinkering that was used. caco3 and al2O3 in p.a. 
clearness were well mixed in stoicheiometric rate appropriate 
for the individual phases.

According to results the sintering has to be done at least 
twice to establish thermodynamic equilibrium and to obtain 
the pure phase. throughout the first sintering the mixture was 
heated to 900 °C at rate of 10 °C min–1 for 1 hour. then the 
heating continued at the same rate to the final temperature and 
there kept out for 5 hours. the final temperature depends on 
the prepared phase: cA and c3a – 1,450 °C, Ca2 – 1,600 °C, 
C12a7 – 1,360 °c. the second heating was accomplished 
without the holding at 900 °c right to final temperature for 

5 hours as well. the products were grounded after each sin-
tering in vibration mill. the clearness of prepared calcium 
aluminate phases was verified with XrD analysis. only the 
powder fraction with particles passed sieve mesh of 90 μm 
was used for the following hydration.

h y d r a t i o n  a n d  S e m i a d i a b a t i c 
C a l o r i m e t r y

For the evaluation of hydration kinetics the semiadiaba-
tic calorimeter has been utilized. the calorimeter consists of 
thermo-isolation cell from polystyrene foam, 250 ml reaction 
vessel, magnetic stirrer, thermistor, digital multimeter and 
data logging software in Pc.

hydration of the individual phases was monitored at four 
different ph values varying from neutral to high alkali: 6, 9, 
11, 12.65. 30 g of the phase was poured into 50 ml of water 
with appropriate puffer. the ph 6 was measured in the pure 
distilled water. the temperature logging was started imme-
diately after the pouring of oxide into water with logging 
interval of 2 seconds for following 48 hours. Afterwards the 
hydrated mixture was filtrated and several times rinsed with 
distilled water. the solid hydration products were dried at 
40 °c at decreased pressure for 4 hours.

Results
S e m i a d i b a t i c  c a l o r i m e t r y

Hydration of C3A is the most intensive between 20 and 
50 minutes after mixing with water depending on ph value 
(see Fig. 1.). this hydration process is very fast and linked 
with high evolution of heat and its kinetics is enough fast 
until 5 hours after mixing. At ph of 6, 9 and 11 can observed 
very weak exotermic process at 32–36 hours after mixing. 
compared with other oxides the hydration of c3a is the fas-
test. hydration at ph value of 6 is connected with the highest 
temperature increase of all oxides.

hydration of cA at all environments is characteristic by 
two separated processes evolving heat. the first one has maxi-
mum of rate at 3–12 hours after mixing and its rate strongly 

Fig. 1.	 Semiadiabatic	 calorimetric	 curves	 of	 CA	 hydrated	 at	
pH	6–12
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depends on ph value (see Fig. 1.). the hydration rate is incre-
asing with increasing ph, only hydration at ph 9 is totally 
inhibited in this first step. on the other hand the intensity of 
the second weak process occurring after 27–32 hours is hi-
gher then intensity at the other ph values. overall hydration 
rate of cA is the second slowest of the examined oxides.

Ca2 exhibits the lowest hydration activity (see Fig. 1.). 
the hydration process starts during the first 5 hours and the 
evolution of heat is poorly identifiable. the hydration con-
tinues whole monitored 48 hours at very low intensity. two 
weak separated processes could be found at 6–9 hours, that 
is most clear at ph 6, and about 23 hours of hydration de-
tectable at ph 11 and 12.

the kinetics of hydration process of mayenite is very 
similar to that of C3A (see Fig. 1.). the highest evolution of 
heat comes on after 40–60 minutes of hydration. this process 
is also very fast. A weak process can be observed at 30–36 
minutes after mixing as well. c12a7 is the second most reac-
tive oxide.

D t A  a n d  X - r a y  D i f f r a c t i o n 
a n a l y s i s

Samples cured at almost 100% relative humidity 
(Figs. 2. and 3). the DtA curves of hydrated c3A exhibit 
three endothermal effects at all ph (see Fig. 2.). XrD ana-
lysis identified only one crystalline hydration product – hyd-
rogrossular c3aH6 (see Fig. 3.). the first endotherm without 
weight loss at 150 °c can be connected with decomposition 
of C3aH6 to C2aH5 and portlandite ch. the second strong 
endothermal effect at 310 °c is invoked by dehydration of 
C2aH5 followed by dehydration of portlandite at 460 °c. 
this process is confirmed by the proportion of weight loss 
during these dehydrations that is always strictly 5 : 1. tGA 
curves shows that the most amount of hydrogrossular was 
created at ph 9 and the least at ph 11.

the hydrated cA exhibits more hydration product 
than C3A and their amount only slightly depends on ph 
(see Fig. 2.). As well as in the case of c3A there can be 
found hydrogrossular, but only as the minor hydration pro-
duct, especially at ph 12 (well observable is only endotherm 
at 310 °c). Endotherms at 150 and 275 °c at all ph are 
joined with dehydration of c2aH8. this hydrate was not 
identified by XrD (see Fig. 3.), so that it has to be of amor-
phous or microcrystalline nature. the amount of c2aH8 is 
comparable at all ph values. A distinct endothermal effect 
is connected with a crystalline hydrate that was identified 
also by XrD. the nature of this hydrate was not clarified.  
its diffractions are not published in available XrD databases. 
the highest amount of this hydrate is at ph 6 and 12, the least 
at ph 11. Another weak endothermal maximum can be obser-
ved at 225 °c mainly at ph 11 (see Fig. 2.) and one at 320 °c 
noticeable at ph 6. these effects have not been assigned.

DtA curves of hydrated cA2 are shown also at Fig. 2. 
DtA and tGA curves correspond with measured calorime-
try results (see Fig. 1.). the extent of hydration is very low.  
no hydration products at ph 9 were identified. hydration 
at ph 6 and partially at ph 11 and 12 leads to lower amount 
of hydration products. As well as in the case of cA there can 

Fig. 2.	 Semiadiabatic	 calorimetric	 curves	of	C3A	hydrated	at	
pH	6–12

Fig. 3.	 Semiadiabatic	calorimetric	curves	of	CA2	hydrated	at	
pH	6–12

Fig. 4.	 Semiadiabatic	calorimetric	curves	of	C12A7	hydrated	at	
pH	6–12
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be identified hydrate c2aH8 and not clarified hydration pro-
ducts (at 70 and 215 °c).

hydration of mayenite leads to similar hydration produ-
cts as in the case of cA. there can be identified hydrogros-
sular c3aH6 at ph 11 and 6 such as main hydration, whereas 
at ph 9 and 12 its amount is lower. c2aH8 was found mainly 
at ph 6, 9 and 12 as well as the not clarified crystalline hyd-
ration product at 100 °c that is the main hydration at ph 6, 9 
and 12. Analogous to c3A the lowest conversion of oxide to 
hydration products is at ph 11.

Conclusions
According to obtained results oxides c3a and C12a7 

exhibit highest hydration activity. hydration products and 
their formation kinetics are very similar at all tested ph 

values. the least reactive calcium aluminate phase is cA2. 
Hydration of C3A at all ph values evokes only one product 
– cubic hydrogrossular c3aH6. hydration of cA at all ph 
and C12a7 at ph 9 and 12 leads also to formation of hydrate 
C2aH8. Less amount of c2aH8 was also found in hydration 
products of mayenite at ph 6 and 11 and cA2 at ph 6, 11 and 
12. During the hydration of cA and c12a7 an unidentified 
crystalic hydration product is generated. its X-ray diffractions 
were not found in the newest databases. Generally, hydration 
of Ca and C12a7 leads to formation of the same products, 
only changes are in the amount of hydrates.

This work has been supported by project MPO ČR: 
FT-TA3/026 and project MŠMT NPVII: 2B08024.

Fig. 5.	 DTA	curves	of	hydrated	CA	at	pH	6–12

Fig. 6.	 DTA	curves	of	hydrated	C3A	at	pH	6–12

Fig. 7.	 DTA	curves	of	hydrated	CA2	at	pH	6–12

Fig. 8.	 DTA	curves	of	hydrated	C12A7	at	pH	6–12
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Introduction
Biodeterioration or biocorrosion of building materials 

– stone, concrete, mortar, etc., can be caused by such micro-
organisms as bacteria, fungi, lichens, algae, and plants (Was-
serbauer, 2000). multidiscipline methods are available for 
the study of biodeterioration each other materials. Almost of 
them is bearing to biological part of problem e.g. identifica-
tion of biodeteriorates, evaluating of birth biofilm or studies 
of metabolites. Biofilms are complex communities of micro-
organisms attached to surfaces of materials generally, or as-
sociated with interfaces. Bacterial biofilm formation on inert 
surfaces is a significant technical and economic problem in a 
wide range of environmental, industrial, and medical areas. 
Bacterial adhesion is generally a prerequisite for this coloni-
zation process and, thus, represents an attractive target.

Experimental
to the purpose of concrete corrosion study (chemical, 

physical and structural changes) is important to obtain the 
representative sample from damaged part. Drilling corps 
are the most suitable for these purposes. on the other hand, 
there is some risk to damage of biodeteriogen or biofilm in 
consequence of high temperature beside drilling procedure. 
the cores of 75 mm diameter and about 100 mm length 
were obtained by coring equipment hilti. the experimen-
tal samples are from concrete material of sewerage system 
of 30 years old building with very aggressive environment, 
because mineral water sources with h2S are in this locality. 
consequently potential risk of biodeterioration follows to 
SrB (sulphate reducing bacteria) which living in this type 
of water. 

chemical impact on to concrete samples was tested by 
classical methods; results are in tables ii and iii. From sur-
face were taken small amounts of sample under sterile con-
ditions for microbiological tests and examination of miD of 
concrete.

A n a l y t i c a l  E v a l u a t i o n
the dependence of ph values changes and aggressive 

ions on depth e.g. their profile was determined. the samples 
were separated mechanically by gradual depth up to 3.0 mm. 
concrete powder after grinding procedure was collected; the 
each other portion of samples was dried up to constant weight 
at 105–110 °c. For potenciometric determination of alkality 
we used 1 ± 0.0005 g of samples after their separation, and 
dissolute in 100 ml distilate water. Solutions were shaken for 
2 hours. Filtrate was used to determine cl– ions by potentio-
metric method. the result expressed as % wt. in cement stone 

are in tables ii and iii. the ph values were determined by 
potentiomeric method, too. concentration of inorganic sul-
phates was determined by gravimetric method follow to Slo-
vak standard rules (Priganc, terpáková, 2003).

B i o c o r r o s i o n  E v a l u a t i o n
the media used for isolation and continued cultivation 

of samples obtained from concrete surface were neutrophi-
lic media (n) and acidophilic media (A) prepared follow to 
(Sand, 1987). Experiment continues in this time and details 
of biodegradation inner parts of concrete will be tested by 
AFm (atomic force microscope) in a future.

Results

table i
colonial types of bacteria cultivated from concrete

  (n) (A) 
  opaque, white spreader Large, white with
 Sample with irregular edges very good growth
 1 Small, round, creamy
  collared
  Small, round, creamy Small, round, white
 Sample collared translucent colonies
 2 opaque, white spreader Small, round, shiny
  with irregular edges yellow colonies
(n) – neutrophilic medium
(A) – acidophilic medium

table ii
chemical results of concrete core 1

 Depth of   concentration [%]
 sample ph ± 0.01 cl– SO4

2– l.o.i 1,000 °C [mm]
 0–3 9.25 0.025 0.13 12.23 ± 0.01
 3–6 9.36 0.021 0.12 10.95 ± 0.02
 6–9 9.40 0.020 0.11 9.86 ± 0.02
 9–12 9.55 0.020 0.09 9.78 ± 0.01
 12–15 9.73 0.017 0.09 9.53 ± 0.01
 comprehensive strength values [mPa] 20.3

table iii
chemical results of concrete core 2

	 Depth of   concentration [%]
 sample ph ± 0.01 cl– SO4

2– l.o.i 1,000 °C [mm]
 0–3 9.12 0.028 0.16 13.40 ± 0.01
 3–6 9.20 0.022 0.13 11.24 ± 0.01
 6–9 9.23 0.019 0.11 10.18 ± 0.01
 9–12 9.35 0.018 0.08 10.25 ± 0.01
 12–15 9.62 0.015 0.07 10.13 ± 0.01
 comprehensive strength values [mPa] 19.5
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major colonial types of bacteria obtained from corroded 
concrete product are described in table i.

Determination the typical corrosive agents confirmed 
their presence in the structure of concrete and consequently 
manifestation of sulphate corrosion and carbonisation above 
all.

Conclusions
Aggressive miD microorganisms can form a biofilm on 

the surface of samples so that when nutrients are provided 
the microbes remain active. the changes of physical – che-
mical characteristics expressed as the differences in alkaline 
reaction confirme the neutralisation process of cement stone 
due to miD up to 3–6 mm depth. Follow to alkali reaction 
values is possible to confirm that 2–3 degree of carbonisation 
concrete is present in both samples, (matoušek, Drochytka, 

1998). the statistically significant changes were obtained in 
case determination of loss weight by ignition too. results of 
long time experiment after incubation by neutrophilic and 
acidophilic medium were present in future.
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Figure 1: Detail view of  surface sample number 1.  

Fig. 1.	 Detail	view	of	surface	sample	number	1    

Figure 2: Detail view of  surface  sample number  2   

Fig. 2.	 Detail	view	of	surface	sample	number	2
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Introduction
high-energy milling is now one of the materials proces-

sing methods that is widely used in powder technology. the 
advantage of high-energy milling is its simplicity and effecti-
veness. the disintegration of mineral particles by mechanical 
activation is accompanied by an increase in the number of 
particles and by generation of fresh, previously unexposed, 
surface1,2.

Particle size reduction in olivine is produced by milling 
(either wet or dry), the nature of which plays an important role 
in the physicochemical properties of the resulting powders 
and in the further processing steps.3–5 The effects of milling 
have been studied extensively, mainly for silicates minerals 
such as olivine because it is a mineral possible to use as a 
suitable feedstock for carbon dioxide sequestration3,4.

the basic concept behind co2 disposal by means of 
silicates well known as mineral sequestration was originally 
proposed by Seifritz in 1990 and first studied in more details 
by Lackner. this idea mimics very slow (of thousands to mil-
lions of years) natural weathering process of silicate minerals 
conversion.

mechanical activation by high-energy milling can results 
in major improvement of the reaction rate1.

Experimental
M a t e r i a l

the olivine sample used in this study was kindly 
supplied by the norwegian mining company north cape 
minerals (ncm) and originates from the production plant at 
Ǻheim (norway). 

the sample contains approximately 93 % forsterite (mg-
2SiO4) and 7 % fayalite (Fe2SiO4). this olivine composition 
is referred to as Fo93. Small amounts of accessory minerals 
like chlorite, chromite, enstatite, serpentinite and talc can 
also be found in the sample. the olivine product used in this 
study is a foundry sand (AFS50) and contains approximately 
95 % pure olivine.

the bulk chemical composition (as analysed by ncm 
using X-ray fluorescence (XrF) analysis) of the sample is 
following: 50.2 % mgo, 41.5 % Sio2, 7.41 % Fe2O3, 0.36 % 
al2O3, 0.33 % nio, 0.30 % cr2O3, 0.08 % mno, 0.08 % 
cao, 0.01 % na2o, 0.01 % k2o, Loi 0.27 %.

m e c h a n i c a l  A c t i v a t i o n
two milling models including dry and wet modes are 

applied in the milling processes such as mechanical activa-
tion of material and/or minerals. the comparison of the wet  
 

and dry milling effects on the structural changes usually was 
made at the same grinding mill.

the olivine sample was mechanically activated in two 
high-energy mills by various conditions:

Laboratory	planetary	ball	mill (Pulverisette 6, Fritsch, 
Germany) (Pm) (Fig. 1.a):

Weight/diameter of balls: 360 g 10 min–1

volume of milling chamber: 250 ml
material of milling chamber and balls: Wc
rotation speed: 450 min–1

Weight of sample: 18 g
volume of added water: 0–100 %
milling times: 2–30 min
conditions of milling: ambient temperature, free access 
of air

Industrial	nutating	mill (Hicom 15, Hicom Internatio-
nal Pty, Ltd., Australia)(nm)(Fig. 1.b):

Weight/diameter of balls: 10 kg 5 mm–1

volume of milling chamber: 5,000 ml
material of milling chamber and balls: stainless steel 
rotation speed: 900 min–1

Weight of sample: 1,000 g
volume of added water: 0–50 %
milling times: 1–10 min
conditions of milling: ambient temperature, free access 
of air

S p e c i f i c  S u r f a c e  A r e a
the specific surface area was determined by the low 

temperature nitrogen adsorption method in a Gemini 2360 
sorption apparatus (micromeritics, uSA).

Results	and	Discussion
the olivine sample was mechanically activated in one 

laboratory and one industriall mill. conditions of milling are 
described in previous part. the aim of the present investiga-
tion was to study the effects of dry and wet milling on the 

•
•
•
•
•
•
•
•

•
•
•
•
•
•
•
•

Fig. 1. Specific surface area SA	 as	 a	 function	 of	 milling	 time		
in	a	planetary	mill
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changes in surface area of olivine sample. Summary of the 
milling results is given in table i.

As can be seen from results in table i, milling of olivine 
in laboratory planetary mill produces an increase of starting 
surface area from 0.25 m2 g–1 to 5.21 m2 g–1 at 30 min without 
water addition and to 41.49 m2 g–1 at the same time with addi-
tion of 50 % of water (Fig. 1.). it was observed increase of 
specific surface area (Sa) by milling with various addition of 
water (0, 5, 20, 50, 100 %) at the same time (30 min). Pro-
gressive increasing up was observed in the presence of 50 % 
of water, in the presence of 100 % of water the Sa decrease 
(Fig. 2.). 

the increase of specific surface area was observed by 
milling in industriall nutating mill from value 0.25 m2 g–1 to 
3.03 m2 g–1 at 10 min without water (Fig. 3.). Special effect 

has been observed by milling of olivine for 10 min in nuta-
ting mill in the presence of small amounts of water (Fig. 4.). 

the less water is applied, the higher values for specific 
surface area have been obtained: for 5 % wt. h2o the value 
of Sa was 21.6 m2 g–1. The effect of the addition of small 
amounts of a liquid to accelerate the solid-state reactions car-
ried out by milling is called kneading in the chemical engi-
neering. kneading has been described as a sort of catalysis, 
where the small amount of solvent provides a lubricant for 
solid-state diffusion6,7.

the corresponding micrographs for as-received olivine 
as well as for the same samples activated by dry milling for 
30 min in a laboratory planetary mill and in an industriall 
nutating mill for 10 min are given in Fig. 5. the as-received 
sample shows particles irregular in shape with characteristic 
sharp edges. During milling the particles are rounded, fractu-
red and diminished. Some large particles still exist but an 
overall reduction in size appears to have occurred as a result 
of high-energy milling. the evidence of well-bonded aggre-
gates can be seen. 

table i
milling parameters and specific surface area

 type of Milling H2o Specific surface area
 mill time addition [m2 g–1]
  [min] [%] Dry milling Wet milling
 – – – 0.25
 PM 2 50 1.82 2.19
 PM 5 50 4.51 11.61
 PM 10 50 4.76 21.06
 PM 15 50 5.25 30.86
 PM 20 50 5.11 37.34
 PM 30 5  13.19
 PM 30 20 5.21 38.29
 PM 30 50  41.49
 PM 30 100  40.49
 nm 1 – 0.88 –
 nm 3 – 1.76 –
 nm 5 – 2.46 –
 nm 10 5  21.64
 nm 10 10 3.03 17.57
 nm 10 20  12.31
 nm 10 50  9.43

fig. 2. Specific surface area SA	as	a	function	of	H2O	addition	
by	milling	in	a	planetary	mill

Fig. 3. Specific surface area SA	as	a	function	of	milling	time	in	
a	nutating	mill

Fig. 4. Specific surface area SA	as	a	function	of	H2O	addition	
by	nutating	milling
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Conclusions
changes in specific surface area of mechanically acti-

vated olivine in high-energy mills were detected. milling 
in wet mode results in the highest values of specific surface 
area.
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Fig.	5.	 SEM	photos	of	olivine:	A	–	as	received	sample,	samples	
after	dry	milling	in	(b)	planetary	mill,	(C)	nutating	mill
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Introduction
reactions between thiosulfate and ions of metallic ele-

ments in solution have been studied1,2.
cu2+ – thiosulfate reaction kinetics explanation is of inte-

rest since cu2+ is used as catalyst within the reaction between 
Fe3+ and thiosulfate, allowing determining the presence of 
copper traces, but also because copper ions play important 
roles in biological processes, as enzymes components and as 
antioxidants3.

the kinetics of cu2+ reduction with S2O3
2– in aqueous 

acidic solutions is not yet known, there is just one paper dea-
ling with the reaction of cu[nh3]4

2+ with S2O3
2, the observed 

half time of this reaction being about 0.15 s(ref.4).
reaction between cu(ii) and thiosulfate ions results 

in the formation of a colored intermediate, supposed to be 
cuS2O3, similar to the intermediate FeS2O3

+, but unloaded.
the evolution of this complex can be followed spectro-

photometrically, but the reaction’s half time is three or four 
orders of magnitude smaller than the one of the FeS2O3

+-com-
plex, therefore the disappearance of cuS2O3 study requires a 
stopped-flow apparatus.

The	Analytical	Modelling	of	the	Process
For the input signal u(t) with the amplitude (u0) and 

period (τ), the output light intensity y(t, p) experimentally 
measured can be approximated by:

as shown in Fig. 1, for p = p1 > 0.

the J(p) function it is approximated to be polynomial 
decreasing of the form5,6:

0 1 2 2 3 3J(p)  J   J p  J  p  J p= + + + . (2)
the maximum value for (1) results from:

1

1
p

y tJ(p ) (1 ) 0
t T

∂  = ⋅ − = ∂ 
, (3)

so that

T  tm = , (4)

for which

it   2T= , (7)

As a result, the analytical modelling for y(t, p) can be 
qualitatively illustrated in Fig. 2, where the maximum values 
ym(t, p) become proportional to curve 2, as it results from (5). 

 the decreasing polynomial curve (2) results from expe-
rimental measurements and it has been approximated in the 
following two variants, associated to Fig. 3.

We define: J(p0), 
0p

J
p

 ∂
 ∂ 

, J(pf) and 
fp

J
p

 ∂
 ∂ 

 from 

which we can obtain the coefficients in (2): J0 = J(p0);  

, (1)

Fig. 1.	 Light	intensity	y	[mv]	=	f(time	t	[ms])

, (5)

, (6)

. (8)

Fig. 2.	 Light	intensity	vs.	concentration	and	time
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J1 = 
0p

J
p

 ∂
 ∂ 

;
 f

f
2 f 0 f 12

f p

p3 J 2J J(p ) J p J
p 3 p 3

  ∂
= ⋅ − − ⋅ − ⋅  ∂   

;
 

J3 = 2
f 0 1 f 2 f

f

1 J(p ) J J p J p
p

− − ⋅ − ⋅   .

the variant has the advantage of following a rigorous 
polynomial trajectory and the disadvantage of a more diff-
icult choice of the slopes from the ends of this curve. 

We define the four points where that the polynomial 
curve (2) needs to pass, respectively J(p0), J(p1), J(p2) and 

J(pf), finally having: J0 = J(p0); J1 = 
ΦDeT
1DeT

; J2 = 
ΦDeT
2DeT

 

and J3 = 
ΦDeT
3DeT

. the four determinants correspond to a sys-

tem of four linear algebraic equations, written in the points 
(p0, p1, p2 and pf) from the polynomial curve (2).

this variant has the advantage of this curve passing th-
rough those four predetermined points (usually experimental) 
and the disadvantage of eventually deformations of the curve 
between the four predetermined points.

Results
the experimental measurements have been done for 

stoechiometric mixtures of reactants with concentrations 
between 5 × 10–4–1 × 10–1 mol dm–3.

the polynomial approximation (2) has been achieved by 
using the experimental data obtained for the domain of the 
above concentrations. 

the results obtained by simulation for the second variant 
of calculus are:

(i) [cu2+] = 5 × 10–3 mol dm–3; [S2O3
2–] = 5 × 10–

3 mol dm–3, J = 9.54 mV ms–1; tm = t = 59.6 ms; 
ym = 209.3 mV

the curve obtained by simulation overlapped on the 
curve obtained experimentally, for [cu2+] =5 × 10–3 mol dm–3;  
[S2O3

2–] = 5 × 10–3 mol dm–3, is presented in Fig. 5.

(ii) [cu2+] = 10–1 mol dm–3; [S2O3
2–] = 10–1 mol dm–3, 

J = 130.6 mV ms–1; tm = t = 15.6 ms; ym = 650 mV.
the curve obtained by numerical simulation over-

lapped on the curve obtained experimentally, for  
[cu2+] = 10–1 mol dm–3; [S2O3

2–] = 10–1 mol dm–3, is pre-
sented in Fig. 6.

the parameters k1, k–1 and k2 and molar absorption 
coefficient for the initial conditions ([cu2+] = [S2O3

2–] = 
5 × 10–3 mol dm–3,, l = 0.4 cm, I0 = 2,950 mV, e = lg I0/i) 
is obtained by optimization, realized by multiple iterations, 
so as the square middle error tend to small values for a better 
superposition of the simulated response and the experimen-
tal response. it has to be mentioned that the flat section of 
the maxim was moved. this section seems to appear due to 
hydrodynamic conditions and due to diffusion phenomena 
existing in thoroidal mixing chamber, although at much redu-
ced scale, and also due to fact that in flow time the reaction 
may start beyond the measuring cell.

Fig. 3.	 J	[mv	ms–1]	=	f	(concentration	p	[mol	dm–3])

Fig. 4.	 J	[mv	ms–1]	=	f	(concentration	p	[mol	dm–3])

Fig. 5.	 Superposition	 experimental	 curve;	 (-)	 to	 the	
simulated curve, (▲) for [Cu2+]	=	5	×	10–3	mol	dm–3;		
[S2O3

2–]	=	5	×	10–3	mol	dm–3
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Due to imperfect mix, it was necessary the translation of 
the experimental values – corresponding to decomposition of 
the intermediary compound – toward the values correspon-
ding to forming operation of the intermediary compound.

the obtained results from the optimization of the 
simulated curve (Fig. 7.): k1 = 9.7; k–1 = 0.7; k2 = 8,222.5; 
ε = 1489.7 m–1 cm–1, the reaction order for decomposition of 
the intermediate compound is n = 2.

the value of the formation constant of cuS2O3 at 19.5 °C 
is k = k1/k–1 = 13.86.

Conclusions
it was simulated and modeled the kinetic of rapid redox 

reaction between cu2+ and S2O3
2– (Figs. 5., 6.). the proposed 

mathematical model, which is based on the reaction mecha-
nism determined in conformity with the obtained experimen-
tal values, allow – by numerical simulation – the approxi-
mate calculus of the kinetic parameters: k1 = 9.7; k–1 = 0.7 
and k2 = 8,222.5; ε = 1,489.7 m–1 cm–1 and n = 2. the results 
obtained by analogical modeling and numerical simulation 
are in accordance with the experimental values.
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Fig.	6.	 Superposition	 experimental	 curve	 (-)	 to	 the	 simulated	
curve (▲) Fig. 7.	 The	 absorbance	 E	=	f(t);	 experimental	 curve	 (bold);	

simulated	curve	(line)
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Introduction
there is an increasing need for medical implants, due to 

an increasing aged population. Bone defects resulting from 
trauma, disease or developmental anomalies can substanti-
ally be improved by reconstructive surgery.

Bone is essentially constituted of nanoscale inorganic 
materials and proteins. the inorganic materials are minerals 
which are structurally apatite-like, such as hydroxyapatite 
[Ha, Ca5(PO4)3oh], fluorapatite [FA, ca5(PO4)3F] and car-
bonate-apatite.

therefore, composite fluorhydroxyapatite (FhA) mate-
rials have been developed by different synthesis routes and 
techniques in order to improve both bioactivity and mecha-
nical properties of various orthopaedic prosthesis and dental 
implants. Besides bioactivity and mechanical properties, the 
non-cytotoxicity is one of the most important requirements 
for applications of these materials.

the present work deals with the bioactivity and the 
cytotoxicity investigation of ceramic materials on the base 
of apatites with general formula ca5(PO4)3(OH)1–xFx (x = 0, 
0.5 and 1).

Experimental
S a m p l e s  P r e p a r a t i o n

the samples of hydroxyapatite (hA), fluorapatite (FA) 
and fluorhydroxyapatite (FhA) were prepared by homo-
geneous precipitation method using ca(no3)2

. 4H2O and 
(nh4)2HPO4 as starting materials and ammonia solution as 
agents for ph adjustment. Equations (1)–(3) illustrate chemi-
cal reactions leading to the precipitation of hA, FA and FhA, 
respectively. A suspension of ca(no3)2

. 4H2o powder was 
diluted in deionised water. then, a solution of (nh4)2HPO4 
was slowly added by drop-wise to the ca(no3)2

. 4H2o solu-
tion. in all experiments the ph of ca(no3)2

. 4H2o solution 
was kept by ammonia solution at 10. the final solution was 
stirred at room temperature for 3 h. then, the precipitate 
formed was filtered off, washed with deionised distilled water 
several times to the neutral ph, and finally dried in owen at 
70 °c for 24 h. After drying, the samples were powdered and 
treated at 1,000 °C for 1 h. after heat treatment at 1,000 °C, 
the pellets were compressed from powdered samples and 
heated at the same temperature. 

the chemical process leading to hA can be explained by 
the following reaction (1):

5ca(no3)2
. 4H2o + 3(nh4)2HPO4 + 4nh4OH

→ ca5(PO4)3oh + 10nh4no3 + 23H2O 
(1)

Likewise the FA was obtained according to the reaction (2): 

5ca(no3)2
. 4H2o + 3(nh4)2HPO4 + 4nh4F (2)

→ ca5(PO4)3F + 10nh4no3 + 3hF + 20h2O

the solid solution of FhA (FA : hA = 1 : 1) was prepared 
according to the reaction (3):

5ca(no3)2
. 4H2o + 3(nh4)2HPO4 + 3.5nh4F 

+ 0.5nh4oh → (3)
Ca5(PO4)3OH0.5F0.5 + 10nh4no3 + 3hF + 20h2O

u s e d  M e t h o d s
obtained hA, FA and FhA powders were controlled by 

powder X-ray diffraction.
the bioactivity of the samples was evaluated by in vitro 

testing in simulated body fluid (SBF). SBF, which ion con-
centrations are almost identical with inorganic ion concent-
rations of human blood plasma, was prepared according to 
literature1. the calculated volumes of SBF (4) were poured 
in the plastic containers and heated up to the temperature of 
36.5 °C.

VS = Sa
10 , (4)

VS – volume of SBF [ml],
Sa – apparent surface area of specimen [mm2].

the pellets of FA, hA and FhA were immersed in SBF 
for 4 weeks at 36.5 °c. changes of the surface microstructure 
of the samples were observed by scanning electron micros-
copy (SEm).

hA, FA and FhA have also been used to investigate the 
cytotoxic effect on murine fibroblast. the cytotoxicity was 
determined using the method of direct cell counting2. nih–
3t3 cells were cultured with biomaterial discs for 24 h, 48 h 
and 72 h. the cell proliferation and the morphology were 
examined. 

Results
the results of SEm analysis after SBF acting are showed 

in Figs. 1., 2. and 3., respectively. the high in vitro bioacti-
vity of all samples is demonstrated by the growth of new apa-
tite-like phase on the surface of them. 

Fig. 4. shows the direct effect of hA, FA and FhA on 
cell proliferation evaluated at 24, 48 and 72 h of culture. 
hA, FA and FhA induced slight inhibition of nih–3t3 cell 
proliferation. in the first time interval cells affected by bio-
materials proliferated was 92.68 % for hA, 97.56 % for FA 
and 96.34 % for FhA. After 72 h incubation the inhibition 
of cell division was the same for all the biomaterials (25 %). 
According to this, the cytotoxicity was in the range of 5 
49–27.19 %. 
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the morphology of nih–3t3 cells grown in direct con-
tact with apatites was completely similar to that of control 
cells and did not show any morphological damages.

Conclusions
the new layer of apatite-like phase covered the surface 

of all samples. the creation of the new biologic active layer 
confirmed the bioactivity of apatites.

hA, FA and FhA induced slight inhibition of cell pro-
liferation, which was the same for all apatites after 72 h 
incubation. the cell number monitoring showed their slight 
cytotoxicity.

the morphology of cells grown in direct contact with 
apatites did not show any morphological damages.

This work has received financial support from Slovak 
Grant for Science and Technology APVT No. 20-015904.
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 (a) (b)
Fig. 1.	 Surface	microstructure	of	HA:	(a)	before	immersion	in	
SbF,	(b)	after	4	weeks	in	SbF

	 (a) (b)
Fig. 2.	 Surface	microstructure	of	FA:	(a)	before	immersion	in	
SbF,	(b)	after	4	weeks	in	SbF

	 (a) (b)
Fig. 3.	 Surface	microstructure	of	FHA:	 (a)	before	 immersion	
in	SbF,	(b)	after	4	weeks	in	SbF

Fig.	4.	Growth	curve	of	NIH–3T3	cells	cultured	with	biomateri-
als : ♦ – C; ● – fHA;	▲- fA;	■ – HA

 control FhA FA hA
Fig. 5.	 Morphological	 analysis	 of	 NIH–3T3	 cells	 cultured	 for	
72 h in presence of fHA, fA and HA. Magnification: 80 ×
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Introduction
the aim of present work is to obtain particles of hyd-

roxyapatite (hA – ca10(PO4)6(OH)2) suitable for the repa-
ration of defects occurring on the surface of dental enamel 
as a result of demineralization process. hA was chosen as 
the filling material due to its composition similar to enamel 
which can be chemically defined as non-stoichiometric apa-
tite (Ca10–x(HPO4)x(PO4)6–x(OH)2–x

. xh2o, 0 < x <2)1. how-
ever, particle size of hA is limited to be sub-micron by the 
micrometric size of surface defects.

numerous techniques of hA synthesis have been deve-
loped during past years, particularly wet chemical methods 
based on the low temperature precipitation from aqueous 
solutions. usually ca(no3)2

. 4H2o is used as a source of cal-
cium2, however, several authors have already reported the use 
of gypsum (caSo4

. 2H2O)3,4 as a starting material. recently, 
microwave irradiation has been used in order to obtain nano-
particles of a variety of inorganic materials in a short time 
including hA.5–7 Despite our effort we did not find any men-
tion of the utilization of plaster (caSo4

. 1/2h2o) even though 
its higher reactivity in aqueous solutions is well known. 

therefore, in this report the preparation of hA by micro-
wave-hydrothermal synthesis from plaster and the applica-
tion of obtained powder on tooth enamel are presented.

Experimental
CaSO4

. 1/2h2o (Aldrich) and (nh4)2HPO4 (aldrich) 
were used as starting materials for the synthesis of hA accor-
ding to the following equation which is the modification of 
the formulation reported by katsuki et al.7:

10CaSO4
. 1/2h2o + 6(nh4)2HPO4 → (1)

Ca10(PO4)6(OH)2 + 6(nh4)2SO4 + 4H2SO4 + 3H2O

Plaster was mixed with a 1m solution of (nh4)2HPO4 
in a teflon beaker with molar ratio of ca/P equal to 10/6 
corresponding to stoichiometric hA. the ph of the mixture 
was adjusted to a value between 9–10 using nh4oh solu-
tion. reaction mixture was then irradiated for 40 min. with 
a microwave power of 750 W in home microwave oven 
(Whirlpool Jt357, 2.45 Ghz). After the reaction, sample was 
filtered, washed by distilled water and dried at 100 °c in air. 

calcination of sample at 1,000 °c for 15 h permitted to 
determine the stoichiometry of powder8. Powder was charac-
terized by XrD (Siemens D5000 diffractometer), Ft-ir 
(Bomen mB2), BEt (analyzer micromeritics ASAP 2010) 
and SeM (Hitachi S2500 and Hitachi S4700). 

For the study of defect reparation a gel of methyl cel-
lulose containing 5 % wt. of hA powder was prepared and 
applied on the tooth surface using classical toothbrush. Arti-
ficial defect was created on the tooth enamel in order to faci-
litate microscopic observations.

Results	and	Disscussion
Phase composition of hA powder was studied by XrD 

(Fig. 1.). in non-calcinated powder, large peaks of low crys-
talline hA occurred without any other phase (Fig. 1.a). the 
XrD of calcinated powder confirmed full conversion of star-
ting materials and revealed the presence of sharp peaks of hA 
and β-tcP (β-tricalcium phosphate; β-ca3(PO4)2) (Fig. 1.b). 
it was reported that peaks of hA accompanied by β-tcP oc-
cur in samples with ca/P ratios between 3/2 (stoichiometric 
β-tcP) and 10/6 due to the decomposition of a ca-defici-
ent hydroxyapatite (cDhA, ca10–x(HPO4)x(PO4)6–x(OH)2–x,  
0 <x < 1)(ref.2). therefore, it can be supposed that non-calci-
nated powder contain cDhA. 

this supposition was confirmed by Ft-ir analy-
sis (Fig. 2.) showing the presence of an absorption band 
of HPO4

2– (874 cm–1) characteristic for cDhA. Apatitic 
structure was supported by the observation of the splitting 
of PO4

3– bands (602–562 cm–1, 1,095–1,029 cm–1) and the 
presence of oh- bands (630 cm–1, 3,570 cm–1). As expected, 
since the sample was not calcinated, bands of adsorbed water 
(3,433 cm–1, 1,638 cm–1) and carbonate (co3

2–) groups 
(1,420–1,500 cm–1) were also visible.

the specific surface area (SSA) of hA powder obtained 
by BEt measurement is 73.1 ± 0.7 m2 g–1. the microstructure 
of the sample can be observed in Fig.3. SEm micrographs 
reveal fine needle-like particles 200 nm long and 30 nm wide 
which corroborates BEt measurement.

Fig. 1.	 XRD	patterns	of	HA	sample	(a)	non-calcinated	and	(b)	
calcinated
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Artificial scratches are easily recognized and are much 
deeper than defects normally occurring on the tooth surface 
(Fig. 4.). three days after the application of gel with hA par-
ticles the defect was filled in by the material and tooth surface 
looked smoother with homogeneous color (Fig. 4.). Apart 
deposited particles, newly formed crystals appear in defects 
(Fig. 5.) supposed to be hA which signify that application of 
hA gel may enhance further formation of hA from natural 
environment.

Conclusions
Sample hA was prepared from plaster by microwave-

hydrothermal synthesis after 40 minutes of irradiation at 
750 W. characterization techniques showed that non-cal-
cinated sample is composed from fine needle-like particles 
of ca-deficient apatite. hA powder was dispersed in methyl 
cellulose gel and applicated on tooth surface with an artificial 
defect. three days after the application defects were filled in 
by hA gel and newly formed crystals were observed too.
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Fig. 2.	 FT-IR	spectrum	of	non-calcinated	HA	powder

Fig. 3. SeM micrographs of sample HA at (1.) low magnifica-
tion and (2.) high magnification

Fig. 4.	 SEM	micrographs	of	 tooth	 surface	 (a),	 (c)	before	and	
(b),	(d)	3	days	after	the	application	of	gel	with	HA

Fig. 5.	 New	crystals	formed	in	defect
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Introduction
 magnesium alloys belong to the most perspective 

metallic construction materials. Besides their good mecha-
nical properties (tensile and yield strength, uniform elonga-
tion, hardness) they also dispose by very low density. this 
fact makes them very popular e.g. in automotive industry, 
since the lighter is the construction, the lower are service 
costs (petrol consumption) and consequently environmental 
damage is diminished.

unfortunatelly, due to very low electrochemical poten-
tial of magnesium, corrosion resistance of these alloys is very 
poor. in the case of alloys containing lithium is this fact even 
emphasised. 

typical surface treatment for magnesium alloys are con-
version coating. most effective type of coating, the chromate 
coating, were excluded from use by Eu legislation1 since 
they contained a cancerogenic hexavalent chromium. how-
ever, in laboratory scale is this type of coating still widely 
used as a standard of corrosion protection2. 

Goal of this work is to find a chromating solution that 
will make a continuous coating on the surface of alloy AZ 
91. this alloy is most commom magnesium alloy in techni-
cal use. the phase structure of this alloy is quite complex, 
containing α-solid solution of ellements in magnesium, inter-
metallic compound Al12Mg17 and their eutectic mixture, see 
Fig. 1.

these phases differ a lot in reactivity3. Then it is a com-
mon result, that α-phase is covered by coating and intermetal-
lic phases remain uncoated.

Experimental
cast specimens of AZ 91 alloy were used. they were 

cut to size app. 5 × 20 × 20 mm and grinded by metallographic 
Sic paper (Struers, no. 320). composition of alloy is 9 %Al, 
1 %Zn and ballance is magnesium. 

the starting solution was established according to ref.4 
as 0.35M k2Cr2O7 (Lachema, p.a.). Further exeperiments 
were carried out with solutions 0.12m, 0.035m and 0.0035m. 
the bath should work at room temperature. Set of solutions 
that diferred in ph value was also prepared. ph were 3.7; 2.9; 
2.1; 1.5; 1.3; 1.2; 1.1; 1.0; 0.9; 0.8; 0.7 and 0.6. values were 
set by addition of 1m solution of hydrochloric acid (Lach-
ner, p.a.) and measured by ph-meter Gryf 208 

time of immersion was varied in scale 5; 15; 30 and 60 
seconds for each solution.

After the process, the specimen were rinsed by distilled 
water and ethanol and dried by hot air. the surface was obser-
ved on micrsocope neophot 21 (Zeiss). this way the contiu-
nuity of prepared coating was assessed.

C o a t i n g  W e i g h t
coating weight was measured by stripping method5. 

the specimen was weighed (accurancy 0.1 mg) immersed for 
60 second in boiling suspension of 2 g Ag2CrO4 in 200 ml of 
solution cro3 (15%). After this immersion the specimen was 
dried as stated above and weighed again.

C o r r o s i o n  r e s i s t a n c e
corrosion resistance was measured according to ref.5. 

Weighed specimen was placed into 3.5% solution of nacl in 
distilled watter for 1 hour. than it was rinsed by water and 
placed in stripping suspension of Ag2CrO4 (process described 
above). then it was dried and weighed. in the case of coated 
specimens, the coating weight had to be taken into account.

All the quantitative measurement were done is sets of 
3–6 measurement. Q-test for removing of statistical outliers 
were performed and the average of the results and the stan-

Fig. 1.	 Micrograph	 of	 alloy	 AZ	 91.	 Light	 microscope,	
mgf.1000 ×. A – solid solution α, b – eutectic of solid solution and 
intermetalic	compound,	C	–	intermetallic	compound	Al12Mg17

Fig. 2.	 SEM	Micrograph	of	chromate	coating	on	alloy	AZ	91.	
A – area, where the substrate is solid solution α, b – area, where 
the	substrate	is	eutectic	or	intermetalic	compound.
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dard deviation σ were calculated. Absolute error was taken 
as 2σ.

Results
According to visual assessment (microscopy), the opti-

mal conditions were estimated as: ck2Cr2O7 = 0.12m, ph = 0.6 
and time of immersion 15 s. At these conditions the speci-
mens were continuously coated, although there were obser-
vable differences between grain size at sites of α-phase and 
grain size at sites ofintermetallic phases (see Fig. 2.).

the coating weight was estimated by stripping method 
as 660 μm cm–2. corrosion resistance, estimated by above 
described method, was obtained at both the coated and unco-
ated specimen. the corrosion rate of bare AZ 91 alloy was 
found to be 9 ± 1 mm year–1 and rate of alloy with chromate 
coating was 5 ± 1 mm year–1.

Conclusions
the composition of chromating soultion convenient for 

prepration of standard AZ91 corrosion specimens was found, 
besided the optimal immersion time. Possibility of use of the 
nacl solution for test of these coatings was proved. corro-
sion rate of the coated specimen was approximately half the 
value of the uncoated AZ 91 alloy.
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introduction
Cross-polarization magic angle spinning 13C-nMr (CP-

MAs 13C-nMr) spectroscopy is used to investigate nature 
of carbon skeletons in organic substances which are inso-
luble or poorly soluble in common nMr deuterated solvents. 
the technique is applied to achieve information either on the 
quality of complex mixtures or on the solid state structure 
and conformation of pure materials. One of the advantages 
of the technique is the possibility to analyze the structures of 
amorphous compounds which are not analysable by common 

cristallographic methods (i.e. X ray diffraction)1. Moreover, 
direct quantification of molecular composition of complex 
organic matrices (which are not easily chromatografable such 
as humic substances2) is also possible.

the limiting factor in CPMAs 13C-nMr analyses is 
the low spectral sensitivity that is achieved when strength  
of the C-H dipolar interactions is weakened by rapid molecu-
lar motions and absence of protons in the neighbourhoud of 
carbon atoms1. Moreover, presence of paramagnetic species 
decreases proton relaxation times, thereby allowing protons 
to be relaxed before full H → C cross polarization is achie-
ved3. When cross polarization rates are equal to or larger than 
proton relaxation velocities, CPMAs 13C-nMr spectra are 
not representative of the chemical composition of complex 
organic mixtures3. sensitivity enhancement can be obtained 
by applying properly all the procedures for sample prepara-
tion as reported in smernik4, Blann et al.5 and schilling and 
Cooper6.

the aim of the present paper was to understand the ef-
fect of wetting/drying treatments on the physical parameters 
achievable by CPMAs 13C nMr spectroscopy on organic 
mixtures. in order to reach our goal a mixture of three dif-
ferent standards was prepared and analyzed by CPMAs 13C 
nMr spectroscopy before and after water treatment and 
freeze-drying.

experimental
C h e m i c a l s

Carboxymethylcellulose sodium salt (CMC), feru-
lic acid (FerAC) and sodium dodecylsulfate (sDs) were 
purchased from sigma-Aldrich® (steinheim, germany) and 
used without further purification. They were mixed in an 
agate mortar with a weight ratio of 1 : 1 : 1 (corresponding  
to a molar ratio of 1 : 52 : 77 for CMC, sDs and FerAC, 
respectively). the solid mixture was divided into two por-
tions. The first one (Mix 1) was left unchanged, whereas the 
second portion (Mix 2) was suspended in distilled water, stir-
red for one hour and then freeze-dried. Both portions were 
finally analyzed by CPMAS 13C-nMr spectroscopy by using 
the conditions reported below.

s o l i d  s t a t e  n M r  s p e c t r o s c o p y
A 7.05 t nMr spectrometer unity inOVA™ (Varian 

inc., Palo Alto, CA, usA), equipped with a wide bore probe 
operating at a 13C frequency of 75.4 MHz, was used to 
acquire the CPMAs 13C-nMr spectra of Mix 1 and Mix 2. 
the samples were packed in 6 mm zirconium rotors with tef-
lon® bottom and top spacers and Vespel® drive tips. tem-
perature was kept constant at 25.0 ± 0.1 °C. Magic angle 
spinning was carried out at 5,000 ± 1 Hz. Acquisition time 
of 30 ms, 1H 90 ° pulse of 4 µs with a power level of 49 dB 
at the maximum decoupler power modulation, 1k data points 
and a recycle delay of 10 s were applied. A ramped cross-
polarisation sequence with an ascending H-ramp of 15-kHz 
ramp width was applied. 256 transients were used to acquire 
all the spectra.

Fig. 1.	 Cpmas	13C-nmr	spectra	and	signal	attribution	(black	
circles	in	the	structures)	of	the	three	molecules	used	in	our	study.	
a	–	mixture	before	dissolution	and	freeze	drying,	B	–	mixture	
after	 the	 treatment.	the	 non-assigned	 peaks	 are	 spinning	 side	
bands
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Arrayed (or pseudo-2D) experiments were performed to 
precisely measure cross polarization time (TCH), and 1H spin-
lattice relaxation times in the rotating frame (T1ρ(H)). tCH 
was measured by variable contact time experiments (VCt) 
carried out by arraying 30 different contact times from 0.1 to 
7.0 ms. Variable spin lock experiments were conducted accor-
ding to tekely et al.7 to measure T1ρ(H) values. An array of 
35 spin lock times ranging from 0 to 50 ms was used. T1ρ(H) 
values obtained from VCt experiments were not considered 
due to the overestimation of this parameter by VCt experi-
ments as compared to delayed spin lock measurements.

s p e c t r a  e l a b o r a t i o n
VnMrJ software (Version 1.1 revisionD, Varian inc., 

Palo Alto, CA, usA) was used to acquire all the free induction 
decays (FiD). spectra elaboration was conducted by Mestre-
C software (Version 4.9.9.9, Mestrelab research, santiago 
de Compostela, spain). All the FiDs were transformed by 
applying, first, a 4k zero filling, and, then, an exponential fil-
ter function with a line broadening of 18 Hz. Fully automatic 
baseline correction using Bernstein algorithm was applied 
for baseline corrections. the intensities of all the peaks 
were measured and imported in OriginPro 7.5 sr6 (Version 
7.5885, OriginLab Corporation, northampton, MA, usA) 
to fit equation (1) for TCH measurement, and equation (2) to 
obtain T1ρ(H) values.

in equations (1) and (2), I(t) is the signal area at the assi-
gned tCP, and tm value, I0 is the total nuclear magnetization 
of 13C in thermal equilibrium, α = 1– TCH/T1ρ(H), tCP is the 
contact time, and tm is the spin-locking time.

results	and	Discussion
Fig. 1. shows the spectra of Mix 1 (Fig. 1.A) and Mix 2 

(Fig. 1.B). structures of each standard and signal attribution 
are also reported. namely, peaks at 173, 149, 148, 145, 126, 
125, 114, 112, 109 and 57 ppm are assigned to FerAC and 
those at 52, 33, 22 and 15 ppm are due to the resonance of 
the sDs chain. the only visible signal of CMC is the signal  
at 74 ppm, as it appears in a spectral range free of other sig-
nals the signal of carbon 4 at about 82 ppm is hidden bene-
ath the spinning side bands of FerAC appearing in this 
region. the resonance of carbon 1 at 104 ppm only appears  
as a shoulder of the FerAC signal at 109 ppm. the signals of 
carbons 6 and 7 (60 and 62 ppm) as well as the signal of car-
bon 8 (177 ppm) are also hidden under prominent spinning 
side bands in these regions. the reason why CMC signals are 
almost negligible in the spectra of Fig. 1. can be related to the 

amount of CMC which is 52 and 77 times lower than that of 
sDs and FerAC, respectively (see experimental section).

CPMAs 13C nMr experiments on Mix 1 and Mix 2 were 
done in VCt and VsL mode (see experimental for details) in 
order to obtain information on TCH and T1ρ(H) values.

TCH measures the cross polarization (CP) efficiency 
which depends on the strength of the C-H dipolar interac-
tions1. the shorter the proton-to-carbon distances and 
the slower the local molecular motions, the stronger is the 
strength of the C-H dipolar interactions, thereby leading to 
faster CP rates1 (shorter TCH values).

T1ρ(H) is associated to local molecular motions in the 
kilohertz (kHz) scale1. in particular, the faster the molecular 
motions in the lattice, the shorter is the T1ρ(H) value (fast pro-
ton relaxation processes). Conversely, when the molecular 
motions slow down, relaxation processes are slower and lon-
gitudinal relaxation times increase1. However, attention must 
be paid when dealing with the interpretation of the molecu-
lar motions in lattices by using T1ρ(H) values. in fact, proton 
relaxation times in the rotating frame are also affected by 
nuclear dipolar interactions. in the case of organic materials, 
where protons are very abundant, the H-H dipolar interacti-
ons are very strong and they predominantly control the rate 
of the magnetization transfer among protons in the lattice1. 
For this reason, if relaxation mechanisms related to dipolar 
interactions cannot be ruled out, short T1ρ(H) values cannot 
be associated solely to fast molecular motions in proton-rich 
organic compounds1.

the analysis of the TCH values of the different carbon 
nuclei in FerAC (Fig. 2.A) revealed that they varied in the 

 (1)

 (2)

Fig. 2.	 TCH	 (a)	 and	 T1ρ(h)	 (B)	 values	 as	 obtained	 from	VCt	
and	Vsl	experiments.	see	text	for	the	meaning	of	acronyms
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order C3 > C1, C4, C10 > C2, C5, C6, C7, C8, C9. the cross 
polarization rate of the proton rich methyl group indicated as 
C7 (Fig. 1.) was similar to the CP rates of the monoprotonated 
FerAC carbons 2, 6, 7, 8 and 9. this was expected. in fact, 
CH3 systems are terminal groups subjected to fast rotational 
motions. Fast motions weaken H-C dipolar interactions, the-
reby lowering CP efficiency of the highly protonated methyl 
groups compared to that of the less protonated methylene 
systems. A confirmation of a less efficient CP of non proto-
nated C1, C4 and C10 carbons in FerAC as compared to the 
protonated C nuclei is also reported in Fig. 2.A. However, it 
must be noted that, among the cross polarization time values 
of the quaternary carbons (i.e. C1, C3, C4, C10), position 3 
(Fig. 1.) showed the largest TCH value. this was attributed 
to the combined effect of the non-protonation and the large 
rotational movements of the methoxy group directly bound to 
C3, which caused poor CP efficiency. Finally, the comparison 
of the TCH values of the FerAC carbons in Mix 1 and Mix 2 
(Fig. 2.A) shows that the CP mechanisms in the ferulic acid 
are not affected by the physical treatments to which the mix-
ture was subjected in our study.

Fig. 2.B reports the T1ρ(H) values measured for the sig-
nals of FerAC, either before or after water dissolution and 
freeze drying. All the T1ρ(H) values are similar to each other 
and they did not change passing from Mix 1 to Mix 2. since 
FerAC carbons are subjected to different molecular motions, 
as reported above, we may conclude that the proton longitu-
dinal relaxation mechanisms in FerAC are affected more by 
H-H dipolar interactions than by fast local movements and 
chemical-physical treatments.

the TCH values of CMC either in Mix 1 or Mix 2 are 
similar (Fig. 2A). such similitude reveals that, as for FerAC, 
the water dissolution and the freeze drying processes did not 
affect the CP mechanisms in carboxymethylcellulose. More-
over, the polymeric nature of CMC should be responsible for 
slow molecular motions that, in turn, should provide longer 
T1ρ(H) values as compared to FerAC and sDs. Conversely, 
Fig. 2.B shows the shortest T1ρ(H) values for CMC in both 
Mix 1 and Mix 2. Also in CMC, as for FerAC, then, predo-
minant relaxation mechanisms are mediated by homonuclear 
H-H dipolar interactions, rather than molecular motions.

Fig. 2.A shows also similarities in the TCH values of the 
methylene carbons 1 to 11 of sDs, while the methyl C in the 

same material (C12) was cross polarized less efficiently due 
to fast rotational motions as already previously outlined.

After the treatments, the T1ρ(H) values of sDs were hal-
ved. since the H-H dipolar interactions are the main respon-
sible for the longitudinal proton relaxation mechanisms 
in organic materials, we may argue that the more efficient 
proton relaxation of sDs in Mix 2 can only be achieved  
by a strengthening of the homonuclear H-H dipolar interac-
tions. this can be due to a closer proximity of the sDs alkyl 
chains that before freeze drying are arranged to form micel-
les.

Conclusions
this work revealed that water treatment and freeze drying 

processes do not affect the cross polarization dynamics in a 
mixture of three molecules having known structure and con-
formation in the solid state. Conversely, proton relaxation, 
which is affected mainly by the strong H-H dipolar interacti-
ons, was fastened only in sDs which was able to form micel-
les in water solution before freeze drying. Although after the 
drying procedure micelles cannot be present anymore, the 
closer proximity of the protons in the alkyl chains as con-
sequence of sDs behaviour in water, strengthened the homo-
nuclear proton dipolar interactions, thereby favouring shorter 
T1ρ(H) values.
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introduction
gas chromatography coupled with mass spectrometry 

(gC-Ms) is largely used for the quantitative analyses of the 
organic compounds from biological fluids1,4. Metabolic fin-
gerprinting, metabolite profiling or metabolite target analy-
sis are strategies used in the metabolomics analysis for rapid 
diagnosis. Biological fluids are ideal candidates for diseases 
diagnosis because they can easily and inexpensively be iso-
lated from the body.

the study deals with possible diagnosis of neonatal 
diseases caused by inborn error of metabolism using gas chro-
matography – mass spectrometry (gC-Ms). Phenylketonuria 
(Pku) is a metabolic disease usually caused by phenylala-
nine hydroxylase deficiency, which leads to an increase of 
phenylalanine and a decrease of tyrosine content in plasma. 
Enzyme deficiency results in high levels of blood phenyla-
lanine and an accumulation of phenylketones in the urine. 
Partial deficiency of the enzyme results in hyperphenylalani-
nemia. Maple syrup urine disease (MsuD) is a metabolism 
disorder caused by a gene defect, in which the body cannot 
break down some branched-chain amino acids3. in MsuD, 
the enzymes necessary to break down leucine, isoleucine, 
and valine are either absent, inactive, or only partially active.  
As a result of the enzyme deficiency, the branched-chain 
amino acids and ketoacids become elevated in the blood, 
resulting in an altered mental state and progressive neuro-
degeneration. Pku is general screened by a bacterial inhi-
bition assay (BiA) of elevate blood phenylalanine levels on 
newborn filter paper samples of blood specimens. There are 
many chromatographic methods for screening Pku and also 
mass spectrometry as electrospray mass spectrometry, esi-
Ms-Ms5.

the main goal of the present work was to perform a 
rapid and precise analysis of volatile derivatives of amino-
acids from dry plasma and blood spots for diagnosis of two 
inborn errors diseases: Pku and MsuD. this minimum 
invasive method is based on profiling and quantitative deter-
mination of some amino acids in blood samples of 20 µl by 
using filter paper blood specimens and the GC-MS technique. 
the method is useful for the diagnosis of the Pku disease, 
by determination of phenylalanine (Phe) and tyrosine (tyr) 
content in blood or for the diagnosis of the MsuD disease, 
by estimation of valine (Val), leucine (Leu) and proline (Pro) 
content.

experimental
C h e m i c a l s  a n d  s a m p l e s

Acetyl chloride and ion exchange resin Dowex 50W-
X8 50–100 mesh were purchased from Fluka, while ace-
tone and trifluoroacetic anhydride were obtained from 
Merck (Darmstadt, germany). Amino acids standards were 
purchased from sigma. [15n]-isoleucine (99%) was produ-
ced by chemical synthesis. All the other chemicals were from 
Comchim (Bucharest). the blood and urine samples were 
obtained from patients and volunteers from the Pediatric Cli-
nic iii Cluj-napoca. Written informed consents were obtai-
ned from each subject’s parent prior to this study. 

e x t r a c t i o n  P r o c e d u r e  a n d 
D e r i v a t i z a t i o n  o f  A m i n o  A c i d s

the blood was placed in a screw cap vial with 200 µl 
methanol/HCl 0.1% and extraction was performed either 1 h 
at 4 °C or by sonication for 1 min. 100 µl of the extract were 
placed in a vial and after the addition of the internal stan-
dard and removing of the reagent using a nitrogen stream, the 
amino acid extract was derivatized. Amino acids of the blood 
samples or standard samples were derivatized as trifluoroa-
cetyl butyl ester derivatives. Derivatization was performed 
in screw-cap tubes, in two steps. Dry samples were esterified 
with 100 µl butanol: acetyl chloride, 4 : 1 (v/v) for 30 min  
at 100 °C. the excess reagent was removed with a stream of 
nitrogen. The amino group was acetylated with 100 µl triflu-
oacetic anhydride (tFAA) at 100 °C for 30 min. After coo-
ling, the excess reagent was removed under nitrogen at ice 
temperature and ethyl acetate was added1.

i n s t r u m e n t a t i o n
A trace DsQ thermoFinnigan quadrupole mass spectro-

meter in the ei mode coupled with a trace gC was used. the 
capillary column rtx-5Ms had 30 m in length, 0.25 mm as 
diameter and a film thickness of 0.25 µm. The experiments 
were performed by using a temperature program from 50 °C 
(1 min), then 20 °C min–1 to 260 °C, 100 °C min–1 to 300 °C, 
in the selected ion monitoring mode (siM). Helium (5.5) 
carrier gas had a flow rate of 1 ml min–1. the qualitative 
analysis was carried out in the 50–500 a.m.u. mass range.  
the following conditions were ensured: transfer line tempe-
rature 250 °C, injector temperature 200 °C, ion source tem-
perature 250 °C, splitter 10 : 1, electron energy 70 eV and 
emission current 100 µA. 

in the siM mode, the following ions were used (Fig. 1.): 
m/z 168 for valine, m/z 182 for leucine, m/z 166 for proline, 
m/z 91 and 148 for phenylalanine (Figs. 2., 3.), m/z 203, 260, 
316 (Fig. 3.) for tyrosine. 25 µg ml–1 of the 15n-isoleucine 
(15n-ile, m/z 183) internal standard was added at each sam-
ple. For Val, Leu and Pro amino acids, the important ions 
selected in the SIM experiment from the trifluoroacetyl butyl 
esters derivatives mass spectra correspond to the loss of butyl 
ester from the molecular ion [M – COOC4H9]

+.
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Linearity of the method was calculated by representing 
the ratio of the selected ion peak area for each amino acid 
and the internal standard versus the amino acid standard con-
centrations (in µg ml–1). the regression curves were obtai-
ned by injecting standard solutions containing amino acids 
in concentration of 1, 5, 10, 20, 30 and 40 µg ml–1 with 
25 µg ml–1 of 15n-ile added to each standard solution per ml 
of blood sample. the regression curves obtained were: Val: 
y = 0.0912x + 0.0555, regression coefficient r = 0.999; Leu: 
y = 0.0515x – 0.0097, r = 0.998; Pro: y = 0.1835x – 0.1382, 
r = 0.998; Phe: y = 0.1119x – 0.0665, r = 988; Tyr: y = 0.08x 
– 0.1938, r = 0.984. the precision and the accuracy were stu-
died by extracting four times the standard solutions of 1, 30 
and 40 µg ml–1. the r.s.D. values obtained ranged between 
9-12.9 % for 30 µg ml–1 and 6.7–18.6 % for 40 µg ml–1 
(table i). For 1 µg ml–1, the precision was between 45-50 %. 
Accuracy values were between 4–30% for 30 µg ml–1 and 
lower than 5.5 for 40 µg ml–1 (n = 4). the limit of detection 
(L.O.D.) was lower than 0.1 µg ml–1. 

in our study, 13 cases of Pku children were found,  
Phe/Tyr value being significantly higher than control.

Fig. 1.  SIM-GC-MS comparison of screening of the five amino 
acids	in	a	pKU	blood	sample	(top)	and	a	standard	mixture	(bot-
tom)	of	the	amino	acids	(7.01	min:	Val,	7.48	min:	leu,	7.56	min:	
15n-ile	(is);	8.38	min:	pro;	9.69	min:	phe	and	11.28	min:	tyr

Fig. 2.  The mass spectra of  trifluoroacetyl butyl ester deriva-
tives	of	phe

Fig. 3.  The  mass  spectrum  of  Tyr  trifluoroacetyl  butyl  ester 
derivative

table i
Precision study for the same patient (6 spots, n = 6)

 Amino acid [µg ml–1] sD rsD [%]
 Val 4.05 0.28 6.97
 Leu 3.39 0.17 5.00
 Pro 3.40 0.27 6.57
 Phe 1.32 0.14 10.41
 tyr 2.19 0.11 5.06

table ii
the amino acids quantitation in control blood samples, spot 
samples (mean values, n = 53)

 Amino acid [µg ml–1] [µM]
 Val 11.66 99.62
 Leu 13.19 100.71
 Pro 17.82 155.00
 Phe 17.15 103.95
 tyr 26.67 147.33
 Phe/tyr 0.64 0.71

table iii
Amino acids values [µg ml–1] in Pku blood samples, spot 
samples

 Val 22.27 21.73 21.47 23.22 22.16 21.51
 Leu 22.96 24.56 16.97 25.84 33.16 19.92
 Pro 37.76 23.67 19.85 25.64 65.66 31.42
 Phe 93.18 134.13 89.75 142.7 131.3 119.3
 tyr 50.02 38.99 19.4 35.91 57.2 33.53
 Phe/tyr 1.86 3.44 4.63 3.97 2.30 3.56
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results
Quantitative analysis of five amino acids, valine, leu-

cine, proline, phenylalanine and tyrosine, in blood samples, 
by using blood spots1 or 0.5 ml blood3,9 gave similar results, 
the coefficient of regression obtained by comparing the amino 
acid values in the two extraction methods gave r = 0.91 
(n = 4). Fig. 1. shows the chromatogram of separation of the 
five amino acids by using the minim invasive method, from 
20 µl blood.

the intraindividual amino acid values variation is shown 
in table i. table ii shows the comparison of the results obtai-
ned for the amino acids average value in control blood sam-
ples (n = 53). good amino acid precision in the same child 
was obtained, r.s.D. lower than 10.4 %. the results obtai-
ned by using only 20 µl of blood spots showed that the Pku 
diagnosis could be tested by calculating the Phe/tyr ratio. 
Diagnosis of the MsuD disease should be obtained by calcu-
lating the ratio between aliphatic and aromatic amino acids 
in the blood samples1. the results for some Pku patients 
are presented in Tables III and IV. The high benefits of the 
early diagnosis and treatment are strong arguments for the 
neonatal screening of metabolic disorder. the classical bac-
terial inhibition assay (BiA) used for the diagnosis of Pku 
is a semi-quantitative method giving false positive results. 
More precise methods, such is the Ms/Ms technique, were 
developed, but they have the disadvantage of high price and 
less affordable equipment. By comparison, the proposed  

gC/Ms method is simple, inexpensive, easily operated and 
high-speed technique.5–8 the internal standard used increased 
the precision of the method. the use of mass spectrometer as 
a detector for gC is important not only for its high sensitivity 
but also for selectivity and the identity of the analytes9.

Conclusions
Measurements performed on amino acids from dried 

blood spots showed that gC-Ms is a suitable method for 
Pku diagnosis in neonatal blood samples, from Phe/tyr 
ratio and MsuD from the amino acid values1. the labelled 
internal standard used increased the precision of the method 
and simplified the samples injection. The method is a minim 
invasive, by using very small quantities of blood. Monito-
ring these diseases is important because once the diagnosis 
is made and treatment is started in the first few weeks of life, 
normal brain development is not disturbed or affected. 

This work has been supported by the Romanian Research 
Foundation (CEEX, project number 166/2006).
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table iV
Amino acids values [µg ml–1] in a PKU child blood samples; 
spots were taken at different intervals of the day; hour: 7, 9, 
14 and 19

 Val 8.9 10.86 10 8.95
 Leu 23.16 41.3 35.59 36. 57
 Pro 16.34 40.09 43.52 43. 68
 Phe 262.33 608.71 548.85 491.65
 tyr 15.84 42.63 50.07 67.59
 Phe/tyr 16.56 14.28 10.96 7.27
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introduction
Microwave heating arises from the ability of some 

liquids and solids to transform the absorbed electromagne-
tic energy into heat. the heating effect originates from the 
microwave electric field which forces dipoles to rotate and 
ions to migrate; from a slower response of dipoles and ions 
to follow the rapid reversal of the electric field. The ability 
of material to increase its temperature under microwave at 
a given frequency and temperature is referred to the dissipa-
tion factor, defined as tan δ = ε”/ε’, where ε” is the dielectric 
loss factor related to the efficiency of a medium to convert 
microwave energy into heat, while e’ is the dielectric con-
stant measuring the ability of a molecule to be polarised by an 
electric field. The penetration depth (Dp) is the distance from 
the material surface where the absorbed electric field falls to 
1/e of the electric field at the surface. The penetration depth 
is inversely proportional to the frequency, whereas the grea-
test heating is achieved at the high frequencies. However, the 
penetration depth at such frequencies is so low that only the 
exterior of the material will heat. Dp is given by (1):

where: f – frequency [Hz]; c – speed of light [ms–1].
together with the ability to dissolve reagents and pro-

ducts, the solvent under microwaves can play a more active 
role. the acceleration of a chemical reaction under microwa-
ves depends on the dielectric properties of the solvent. sol-
vents that are able to directly absorb microwaves increase the 
reaction rate of the dissolved reagents. the solvent overhea-
ting is a phenomenon frequently observed when microwaves 
are applied in chemical processes. in the presence of micro-
waves, common solvents are found to boil at higher tempe-
ratures: for dichloromethane the difference is about 15 °C.  
in closed vessels this increases the pressure of the system.

the microwave applications in mining and process 
metallurgy have been the subject of many research studies 
over the past two decades. the microwaves have potential 
application in mineral processing and extraction of metals 
such as copper, gold, nickel, cobalt, lead, zinc and man-
ganese2, and also for the direct determination of sulphide, 
pyrite and organic sulphur concentrations in coals of bitumi-
nous or sub-bituminous rank3. 

Microwave-assisted extraction in the closed system 
has been developed as a means of avoiding the use of large 
amounts of solvent and to save time. the samples and sol-

vents in the closed system reach temperatures above the boi-
ling points of the solvents at the atmospheric pressure. As 
results, the extraction of samples can be completed in minu-
tes as opposed to hours necessary when traditional methods 
are used4,5. there are many reports where PAHs are extracted 
with comparable efficiency to those by using Soxhlet extrac-
tion, even for extraction times of less than 30 min4. 

the microwave heating has been applied to the extrac-
tion of organic contaminants such as polycyclic aromatic 
hydrocarbons, pesticides, polychlorobiphenyls, herbicides, 
phenols, neutral and basic priority pollutants in various mat-
rices such as sediments, soils, coal or atmospheric particles. 
the main purposes of the microwave heating are the redu-
ction of extraction time and solvent quantity. the decrease 
of solvent waste, solvent release into the environment and 
human exposure is also important.6–10

the most common solvents used for the MAe of PAHs 
from the solid samples are acetone-hexane, dichloromethane, 
methanol, and methanol-toluene. However, the selection of 
solvent to extract analyses has to take into consideration 
the technique which will be used in the final determination. 
Most solvents or solvent mixtures used for PAHs extraction 
appear to be perfectly suited for the gas chromatography. But 
if liquid chromatography will be used, the solvent exchange 
would be necessary.7–9,11–15

our article presents the influence of conditions of extrac-
tion on the occurrence of PAHs in dichloromethane extract.

experimental
s a m p l e  C h a r a c t e r i z a t i o n

the research was carried out with the samples of 
the slovak brown coal from Handlová (West slovakia) 
after the hydrocyclone washing16. the chemical analy-
sis of studied sample was following: Ad (Ash) = 9.01 %, 
M (Moisture) = 7.55 %, Cdaf = 74.86 %, Hdaf = 4.93 %, 
ndaf = 0.6 %, (O + s)daf = 19.61 %.

i n s t r u m e n t a t i o n
CHn analysis was realized using elementary analyser 

Carlo erba Model 1106 equipped with the microprocessor 
and recorder. Helium (purity 99.998 %) was used as the car-
rier gas; oxygen (99.999%) was used as the oxidative agent 
and argon created an inert atmosphere during measurement. 
The chromatographic column was filled with the Porapak QS 
with granularity 80–100 mesh. the cyclohexanone – dinitro-
phenylhydrazone (content of n = 20.14 %, C = 51.79 % and 
H = 5.07 %) was used as the standard material.

the studied sample was pretreated in the mill and then 
the sample of under 0.5 mm granularity was activated by the 
grinding using the planetary mill Pulverisette 6 (Fritsch, ger-
many) in the air atmosphere at the following conditions: gra-
nularity of input – 0.5 mm, mass of sample – 20 g, grinding 
speed – 400 rev min–1, time of grinding – 20 minutes.

seM/eDX analysis was carried out at the institute of 
theoretical and Physical Chemistry – Braunschweig, ger-
many. it was used JsM – 6400 scanning microscope (JeOL 

, (1)
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LtD., tokyo Japan) combined with the Microanalysis sys-
tem software, eDAX genesis V2.50.

M i c r o w a v e - A s s i s t e d  e x t r a c t i o n 
a n d  A n a l y s i s

soxhlet extraction of the coal sample was realized in 
dichloromethane for 3 days. the microwave-assisted extrac-
tion was realized in the microwave Whirpool at the power 
500 W and frequency 2.45 gHz. the extraction was realized 
in the non-polar solvent of dichloromethane at the boiling 
point 40 °C (it increases in microwave oven to 55	°C) for 
the period of 30 minutes. the boiling point of solvent in the 
microwave was measured using the contactless thermome-
ter raytek MX4. MAe was also realized in the closed pres-
sure vessels by automatic pressure regulation within range  
1.8–2 bar for the period of 20 minutes.

gC-Ms analyses were realised in national Water refe-
rence Laboratory for slovakia in Bratislava. the chroma-
tographic analyses were performed using Agilent 6890 gas 
chromatograph coupled to Agilent 5973 mass spectromet-
ric detector (usA). Capillary gC analysis was performed  
on a 30 m × 250 µm I.D.; 0.25 µm df HP-5Ms column 
(Agilent technilogies). Helium was used as a carrier gas. 
the MsD was used in the scan mode (m/z 40–550) for all 
samples. Mobile phase was methanol and water Milli-Q. 
The identification of compounds was performed using mass 
spectrum libraries Wiley 7n and nist02, respectively.

the distribution of temperature in the extraction solvent 
was operated by modeling program Comsol, version 3.3.

results
M i c r o w a v e  H e a t i n g  o f 
D i c h l o r o m e t h a n e

Coal pretreatment with dichloromethane has been 
reported for improvement of selective grindability of organic 
substances and mineral matters in coal. table i summarizes 
the properties of dichloromethane.

the penetration depth calculated according to equation (1)  
for dichloromethane is 0.16 m. 

Commercial final element method based on software 
COMsOL Multiphysics was used to modeling the dichlo-
romethane microwave heating (Fig. 1.). Various steps invol-
ved in the modeling with COMsOL software are outlined in 
Fig. 2.

M i c r o w a v e  e x t r a c t i o n  o f  s a m p l e s 
i n  D i c h l o r o m e t h a n e

Fig. 3. shows the quantity of physically treated brown 
coal sample after the microwave-assisted extraction in 
dichloromethane. 

the presence of elements typical for the slovak brown 
coal (Table II) was confirmed. 

table i
the physical properties of dichloromethane

 Density Diel. Loss Heat thermal
 [kg m–3] const. factor17 capacity conduct.
    [J k–1 kg–1] [W m–1 k–1]
 1,317.0 8.93 0.042 1,190.0 0.122

Fig. 1.	 Distribution	of	temperature	for	the	microwave	heating	
of	dichloromethane	after	3	seconds;	radius	of	spherical	contai-
ner	is	10	cm

Fig. 2.	 the	Comsol	modeling	steps

Fig. 3.	 eDX	spectrum	of	physically	treated	brown	coal	sample	
after	the	microwave-assisted	extraction	in	dichloromethane
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our attention was intent on the study of influence of 
soxhlet and microwave-assisted extraction in the open-vessel 
and closed-vessel system, respectively.

it was also realized the blank experiment (Fig. 4.). it 
was prepared with 100 ml Milli Q vody and 10 ml methanol. 
then it was mixed 2 hours with the blender twister.

Fig. 5. shows the chromatogram of coal extract after the 
soxhlet extraction in dichloromethane for 72 hours the pre-
sence of organic compounds with carbon numbers C15, C20 
a C19 was confirmed in the extract after the Soxhlet extrac-
tion. All analyzed compounds belong to group of polycyclic 
aromatic hydrocarbons (table iii). 

During microwave-assisted extraction in the open-ves-
sel system the extraction time was shorten to 30 minutes at 
power 500 W and frequency 2.45 gHz. the following orga-
nic compounds were identified by GC-MS method: naph-
thalene and its derivates with the carbon numbers 14 and 15  
(m/z = 184, 198), phenanthrene derivates with the carbon 
number 20 (m/z = 274, 276). the presence of benzene deri-
vate C15H22, indene derivate C14H20 and other naphthalene 
derivate C14H16 was confirmed as well (Fig. 6., Table IV). 

the microwave-assisted extraction in closed-vessel sys-
tem was realized by pressure 1.8–2 bar for 20 minutes. the 
temperature was not possible to measure correctly. Fig. 7. 
shows the representative gC-Ms chromatograph of the orga-

nic compounds occurrence in the microwave extract of coal 
sample in dichloromethane. the growing of other organic 
compounds was confirmed. The solvent temperature has the 
essential influence on number of extracted substances. The 
temperature is higher by microwave heating in comparison 
with soxhlet extraction. Other organic compounds occurred 
in extract after the microwave-assisted extractions in the clo-
sed-vessel system are listed in table V. 

table ii
Content of elements in the coal sample after the microwave-
assisted extraction in dichloromethane

 element Wt [%] At [%]
 C 78.52 84.61
 O 16.40 13.27
 na 0.14 0.08
 Mg 0.08 0.04
 Al 0.83 0.40
 si 01.83 0.84
 P 0.04 0.02
 s 01.15 0.46
 k 0.14 0.05
 Ca 0.24 0.08
 ti 0.06 0.02
 Fe 0.57 0.13

Fig. 4.	 typical	gC	chromatogram	of	the	blank	experiment

Fig. 5.	 typical	gC	chromatogram	of	dichloromethane	extract	
of	 the	 physically	 treated	 brown	 coal	 prepared	 by	 the	 soxhlet	
extraction;	extraction	time	of	72	hours

table iii
the composition of the slovak brown coal extract after the 
soxhlet extraction in dichloromethane

 Peak ion intensity Formula Characterization of the 
 number [m/z]  compounds
    1,6-dimethyl-4-
 1 198 C15H18 (1-methylethyl)
    naphthalene
    4b,8,8-trimethyl-2,10a-
 2 274 C20H34 (2’-methylethano)-
    perhydrophenanthrane
    7-izopropyl–1,1,4a-
 3 270 C20H30

 trimethyl–
    1,2,3,4,4a,9,10,10a-
    oktahydrophenanthrene
 4 252 C19H24 simonelit

Fig. 6.	 typical	gC	chromatogram	of	dichloromethane	extract	
of	the	physically	treated	brown	coal	prepared	by	the	microwave-
assisted	extraction	in	the	open-vessel	system;	extraction	time	of	
30	minutes
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Conclusions
the focused microwave-assisted extraction in the atmo-

spheric open-vessel systems seems to be a viable alternative  

method to soxhlet extraction for the analysis of organic com-
pounds, mainly polycyclic aromatic hydrocarbons in the coal 
sample from Handlová. the advantage of using MAe for the 
coal sample is the reduction of extraction time. the optimized 
conditions can be applied for extraction with good recoveries 
and reproducibility. this method can be used in conjunction 
with gC-Ms for the determination of PAHs in the large num-
ber of coal samples.

This work has been supported by the Slovak Research and 
Development Agency under the contract No. APVV-51-035505 
and by the Slovak Grant Agency for Science VEGA, grant No. 
2/7163/27. The authors thank to Ing. Peter Tolgyessy,CSc. and 
Ing. Jarmila Makovinská, CSc. from the National Water Refe-
rence Laboratory for Slovakia in Bratislava for their help and 
advice with the measurements of the GC-MS spectrometry.
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table iV
the occurrence of other organic compounds in the slovak 
brown coal extract after the extraction in dichloromethane; 
the open-vessel system

 Peak ion intensity Formula Characterization of the 
 number [m/z]  compounds
    1-methyl-4-(1,2,2-tri
 1 202 C15H22 methylcyclopenthyl)
    benzene
 2 188 C14H20

 1,1,4,6,7-pentamethyl-
    2,3-dihydroindene
 3 184 C14H16

 1,2,3,4-tetramethyl-
    naphthalene
    2-ethyl-2,4,8,8-
 4 276 C20H36 tetramethyl-
    perhydrophenanthrene

Fig. 7.	 typical	gC	chromatogram	of	dichloromethane	extract	
of	the	physically	treated	brown	coal	prepared	by	the	microwave-
assisted	extraction	 in	 the	closed-vessel	 system;	extraction	 time	
of	20	minutes

table V
the occurrence of other organic compounds in the slovak 
brown coal extract after the extraction in dichloromethane; 
the closed-vessel system

 Peak ion intensity Formula Characterization of the 
 number [m/z]  compounds
 1 206 C15H26 alfa-cedrane
 2 226 C16H34 hexadekane
 3 272 C20H32

 (5alfa, 9 alfa, 10 beta)-
    kaur–15-ene
 4 234 C18H18

 1-methyl-7-izopropyl-
    phenanthrene
 5 366 C26H54 hexakozane
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introduction
the highly energetic character of the n – nO2 group 

means that N-nitro-based energetic materials are of the most 
powerful explosives available. Different chemical properties 
of primary and secondary nitramines predetermine the others 
(e.g. rDX, HMX and HniW) as the explosives of choice for 
military use1.

structurally related type of compounds represent nitra-
mides where conjugated C = O group is directly bonded to 
n – nO2 grouping. At present the idea of fundamental role of 
nitro groups is generally accepted2,3. the homolytic dissoci-
ation of C – nO2, n – nO2 or O – nO2 represents the primary 
fission process of energetic materials under thermal, impact, 
shock and electric spark initiation stimuli. thus, the relation-
ships exist between characteristics of low-temperature ther-
mal decomposition and detonation characteristics of polyni-
tro compounds2. 

 in the case of polynitro compounds as nitro aroma-
tics, nitramines and nitramides the C – nO2 or n – nO2 bond 
fission is mostly characterized by homolytic bond dissocia-
tion energy BDE(n – nO2)

4-12. the theoretical calculations 
of homolytic BDE energies are substantially influenced from 
inadequate treatment of electron correlation. At present the 
mostly used density functional models with 6-311+g(d,p) 
basis set provide a much improved description of homoly-
tic BDE in comparison with Hartree-Fock models. Overall, 
B3LyP models provide the best results and are quite close to 
those from the corresponding MP2 models13,14.

 recently the elegant method was suggested to 
overcome this substantial drawback – the isodesmic reaction 
approach4,15. this type of virtual symmetrical chemical equi-
libria inherently cancels electron correlation effects accom-
panying homolytic bond dissociation. the application of 
isodesmic reaction scheme to describe n – nO2 bond fission 
leads to the formulation of relative bond disproportionation 
energy DISP(n – nO2) described by (1):

 

nH

O

n

O

nO2

r CO(n-nO2) r'   +   

r CO(nH) r'   +   

 

(1)

the use of closed shells reactants in (1) guarantee that 
the electron correlation term in bond disproportionation 

energy DISP(n – nO2) is irrelevant. in view of the difference 
in cost between theoretical calculations of open shell or neut-
ral molecules, the latter seems the obvious choice for this 
purpose.

relating to our results on initiation reactivity2,3,12 we 
have recently calculated the theoretical in silico bond disso-
ciation energies BDE(n – nO2) and bond disproportionation 
energies DISP(n – nO2) for 20 nitramines16. the energies 
obtained were compared with their detonation velocity D and 
heat of explosion Qreal.

in this paper we have calculated bond dissociation ener-
gies BDE(n – nO2) and bond disproportionation energies 
DISP(n – nO2) by B3LyP/6-311+g(d,p) method for 12 nit-
ramides of general formula rn – nO2 (1-nitropiperidin-2-one 
as a standard nitramide sn – nO2) and the energies obtained 
were compared with their detonation velocities D.

Fig. 1.	 the	chemical	structures	and	names	of	nitramides	stu-
died	with	numbering	of	respective	no2	groups
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experimental
C a l c u l a t i o n s

the calculations of bond dissociation energies 
BDE(n – nO2) and bond disproportionation energies 
DISP(n – nO2) were performed by B3LyP/6-311 + g(d,p) 
method17. the calculations by total optimization gave the 
equilibrium geometries in the gas phase at 0 k. the optimi-
zed structures of 13 nitramides and related amides were veri-
fied by normal mode frequency analysis to exclude imaginary 
frequencies for the remaining 3N-6 vibrational degrees of 
freedom. the relevant data are summarized in table i.

the chemical structures and names of nitramides stu-
died with numbering of respective nO2 groups are given in 
Fig. 1.

DMnO N,N’-dimethyl-N,N’-dinitroethanediamide, Dnu 
N,N’-dinitrourea, nu N-nitrourea, tngu 1,3,4,6-tetrani-
tro-tetrahydroimidazo[4,5-d]imidazole-2,5-(1H,3H)-dione, 
Dingu 1,4-dinitrotetrahydroimidazo[4,5-d]imidazole-2,5-
(1H,3H)-dione, k-rDX 1,3,5-trinitro-1,3,5-triazinan-2-one, 
Dk-rDX 1,3,5-trinitro-1,3,5-triazinane-2,4-dione, tk-rDX 
1,3,5-trinitro -1,3,5-triazinane-2,4,6-trione, Di 1,3-dinitroim-
idazolidin 2-one, DDi 1,3-dinitro-1,3-dihydro-2H-imidazol-
2-one, ttBnD 2,4,6,8-tetranitro-2,4,6,8-tetraazabicyclo[3.3
.1]nonane-3,7-dione, HHtDD 1,3,4,5,7,8-hexanitrooctahyd-
rodiimidazo[4,5-b:4,5-e]pyrazine-2,6-(1H,3H)-dione, nPO 
1-nitropiperidin-2-one

D e t o n a t i o n  P a r a m e t e r s
the values of detonation velocities D were calculated 

using the known relationships of rothstein & Petersen18,19. 
summary of calculated values is given in table i.

results
From the published papers2,3,20,23,24 it follows that logi-

cal relationships exist between the characteristics of low-tem-
perature thermal decomposition and those of initiation and 
detonation, respectively. the homolytic character of primary 
fission in both the detonation and low-temperature thermal 
decompositions of energetic materials (for relevant quota-
tions, see ref.21) was a motive factor for using the evans–
Polanyi–semenov equation25 (e–P–s) to study the chemical 
micro-mechanism governing initiation of energetic materials 
in the following form:

Ea = αQ + β (2)

Application of the definition relationship26 between 
detonation velocities and heats of explosion Q	 leads to the 
eq. (3):

where γ is the polytropy coefficient which transforms Eq. (2) 
into eq. (4) named in the previous paper23

Ea = aD2 + b (4)

as a modified E–P–S equation. The original E–P–S describes 
a relationship between activation energies Ea of the most sub-
stitution reactions of free radicals and corresponding heats 
of reaction ∆H of narrow sets of substance structures25. the 
equation documents that the strength of bond being split is a 
decisive factor in the given reaction. 

in both equations (2) and (4) the energy, e, can be the 
activation energy of thermal decomposition (ea)

3,23,27, the 
slope ea r

–1 of the kissinger relationship3,20,24, the energy 
of electric spark ees , drop energy ep , it may be substituted 
by the charge qn at nitrogen atom of the most reactive nitro 
group in the molecule3,20,24, by the net charge of this nitro 
group23, or by the half-wave polarographic potential20. sub-

table i
Calculated bond dissociation energies BDe(n – nO2), bond 
disproportionation energies DisP(n – nO2) and detonation 
velocities D of nitramides studied

 name  BDe DisP D
  [kJ mol–1] [km s–1]
 DMnO 177.67–18.98 7.20
 Dnu 171.20–38.55 8.32
 nu 207.18–35.44 8.35
 tngu 151.96–40.96 8.86
 Dingu 173.20–3.80 8.04
 k-rDX 152.39–25.24 9.01
 Dk-rDX n1 161.89–59.79 8.62
  n2 155.12–27.06 8.62
 tk-rDX 135.04–98.16 7.85
 Di 164.50–2.90 7.99
 DDi 252.28–20.30 8.30
 ttBnD  158.16–38.70 8.72
 HHtDD  150.16–31.47 9.26
 nPO 173.99–0.00 (3.65)

, (3)

Fig. 2.	 relationship	 between	 bond	 dissociation	 energy	
BDe(n	–	no2)	and	square	of	detonation	velocity	D2	of	nitrami-
des	studied
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Fig. 3.	 relationships	 between	 bond	 disproportionation	 ener-
gies	Disp(n	–	no2)	and	square	of	detonation	velocity	D2	of	nit-
ramides	studied

stitution of the energy e in eq. (4) by the BDe energy leads 
to Fig. 2.

Fig. 2. presents the relationships between dissociation 
energies BDe(n – nO2) and square of detonation veloci-
ties D2. the dominant relationship with the slope of –0.90 
describes the generally expected indirect rule of proportion 
between ease of bond fission and detonation velocity. This 
relationship is valid from polycyclic nitramide HHtDD till 
the open structure of DMnO. nevertheless, nitramides DDi 
and tk-rDX, which are strictly planar and highly conju-
gated fail the general relationship but create a new line with 
the positive slope of 16.38 similarly nu miss the plot due to 
its different structure. 

similarly, a substitution of the energy, e, in eq. (4) by 
the bond disproportionation DisP energy leads to Fig. 3. Dif-
ferentiation of the studied nitramides in the sense of eq. (4) is 
more pronounced and corresponding relationships are closer 
as in the case of Fig. 2. tk-rDX and Dk1-rDX are nitra-
mides with specific group (C = o) – (n – no2) – (C = O) and 
make relationship with similar positive slope as nitramides 
containing nH – (C = O) – (n – nO2) group, i.e., Dingu and 
nu. According to the Fig. 3. the remaining cyclic nitramides 
are differentiated into line with negative slope -2.90. Alter-
native expansion of this plot should probably be relationship 
comprising nitramides from DMnO via Dk2-rDX, tngu 
to HHtDD resembling the correlation of BDe in Fig. 2. 
Considering the detonation of nitramides studied as a “zero 
order” reaction, then the relationships in Figs. 2. and 3. partly 
reminder the LFer approach, i.e., correlation of rate con-
stants with Hammett substituent parameters28.

Conclusions
the homolytic dissociation of n – nO2 bond represents 

the primary fission process of both secondary nitramines and 
nitramides under thermal, impact, shock and electric spark 
initiation stimuli. This bond fission is characterized by homo-
lytic bond dissociation energies BDE(n – nO2). the theoreti-
cal calculations of BDE energies are substantially influenced 
from inadequate treatment of electron correlation. recently the 

alternative method was suggested to overcome this substan-
tial drawback – the bond separation approach described by an 
isodesmic reaction rn – nO2 + Sn – H → Rn–H + Sn – no2 
where sn – nO2 is a standard nitramide (nPO). this type 
of virtual symmetrical chemical equilibrium, characterized 
as bond disproportionation reactions, inherently cancel the 
electron correlation effects accompanying homolytic bond 
dissociation. the BDE energies correlate generally tightly 
with detonation velocities D of nitramides studied. the ana-
lysis of the relationship for DISP(n – nO2) leads to finding 
that the resulting correlations of D2 values with these energies 
somewhat remind analogous relationships between the rate 
and Hammett constants (detonation is taken as a “zero order” 
reaction in this case). it seems that the mutual correlation of 
D2 with BDE(n – nO2) values is more limited by molecular 
structure than a similar correlation with DISP(n – nO2) ener-
gies.

This work has been supported by the project of the 
Ministry of Education, Youth and Sports of the Czech Repub-
lic MSM 00221627501.
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introduction
Processing of used tyres by application of pyrolysis can 

be considered as an advanced and environmentally friendly 
method. it is concerned thermal degradation of substances 
by heating in atmosphere without oxygen or atmosphere with 
decreased content of oxygen. the pyrolysis of used tyres usu-
ally results in the following products: pyrolytic oil (35 %) 
pyrolytic gas (20–25 %), solid residuum containing pyrolytic 
soot (33 %) and steel wires (10–12 %). the mass yields of 
pyrolytic products depend on composition of feed to pyroly-
sis and mainly on the temperature of pyrolytic process1, 2, 3.

thus, the composition of soot coming from a pilot pyro-
lytic plant for processing of crushed used tires in slovak lea-
ching works – Chemistry, Inc. Hnúšťa has been studied. The 
specimens were prepared using a dry low intensity magnetic 
separation to remove the residues of thin steel wires and other 
Fe-bearing phases. the products of magnetic separation were 
subjected to XrD study. non-magnetic product was analysed 
using Ft-ir and DtA.

the research on grain size composition and treatment 
of pyrolytic soot is referred in report4. the paper5 deals with 
the XrD study, analysis of magnetic fractions as well as of 
material balance of iron and combustible matter at magnetic 
separation of pyrolytic soot. A detailed study on phase com-
position of soot magnetic product is introduced in paper 6. 

Ft-ir spectra of various types of commercial soot are 
different in intensity of absorption band, but their position 
is identical: 3,435 cm–1, 2,943 cm–1, 2,860 cm–1, 1,600 cm–1, 
1,335–1,000 cm–1 and 755–684 cm–1. this fact is caused by 
difference in grain size and specific surface7,8. 

The study of clean carbon blacks and modified soot is 
reported in papers9,10,11,12. the following values of vibrations 
are introduced: 3,434.7 cm–1, 1,728.2 cm–1, 1,711.7 cm–1,  
1,591 cm–1, 1,278.9 cm–1, 1,228.9 cm–1, 1,119.1 cm–1 
and 614.3 cm–1. 

the paper13 describes the synthesis of carbon mate-
rials from organic precursors. Prepared carbon materials 
had absorption lines: 3,423 cm–1, 1,579 cm–1, 1,578 cm–1, 
1,509 cm–1, 1,383 cm–1, 1,382 cm–1, 1,343 cm–1, 1,191 cm–1,  
1,183 cm–1, 1,159 cm–1, 841 cm–1, 798 cm–1, 693 cm–1, 
692 cm–1, 624 cm–1 and 620 cm–1. 

Frequencies of vibrations for graphite, amorphous car-
bon and refined single-wall carbon nanotubes are reported in 
paper14. As to graphite, two weak vibration at 1590 cm–1 and 
868 cm–1 are reported14,15.

techniques	and	equipments
M a g n e t i c  s e p a r a t i o n

the specimen of deferrized soot was prepared by dry 
low-intensity high gradient magnetic separation using an 
universal laboratory magnetic separator JOnes (Fig. 1), 
in a cassette located between of its poles. the cassette was 
equipped by two finely groowed plates, made of carbon-free 
iron owing to ensuring of required magnetic field parameters. 
the separation was performed at the induction of 0.15 t. the 
induction has been examined at the top of grooves by tesla-
meter with Hall´s sensing head.

Magnetic product was screened by dry way on the sieve 
with a mesh size of 0.3 mm. thus, steel wires (M-W) and 
grainy product (M-g) have been obtained. the both products 
were analyzed separately.

M a t e r i a l  a n d  P r o d u c t s  A n a l y s e s
After determination of mass yields the products of 

separation were subjected to chemical analyses and measu-
rements of volume magnetic susceptibility. On the basis of 
mass yields and chemical analyses the recoveries of observed 
components into products separation were calculated accor-
ding to the method of classical material balance.

Loss on ignition (LOi) at 900 °C and siO2 content were 
assayed gravimetrically. Other elements have been deter-
mined by atomic absorption spectroscopy using the device 
VAriAn with accessories: Fast sequential AAs AA240Fs, 
Zeeman AAs AA240Z with Programmable sample  
 

Fig. 1.	 Design	of	the	Jones	separator

Fig. 2.	 the	cassette	equipped	by	grooved	plates



Chem. Listy, 102, s265–s1311 (2008) Chemistry of Organic Materials

s948

Dispenser PsD120, graphite tube Atomizer gtA120 and 
Vapor generation Accessory VgA-77.

C, H and n were determined in the geoanalytical labo-
ratories of the state geological institute of Dionýz Štúr, spiš-
ská nová Ves using an elementary analysis with thermal con-
ducting detector. 

the volume magnetic susceptibility measured using the 
kappabridge kLy-2, geofyzika Brno. the following condi-
tions were applied: a magnetic field intensity of 300 A m–1,  
a field homogeneity of 0.2 %, an operating frequency of 
920 Hz at measurement range of device –1,999 × 10-6/ 
+650,000 × 10-6 si unit.

the XrD study of magnetic separation products was 
performed using the device DrOn-uM1 with goniometer 
GUR-8 at following conditions: radiation CuKα, Cu-filter, 
voltage 30 kV, current 20 mA, step of goniometer 2° min–1. 
the device id equipped by evaluating program developed by 
PetrA-ArteP, Ltd. košice, which operates on the applica-
tion interface Control WeB2000.

Ft-ir spectra were measured by means of spectrometer 
AVAtAr 330 Ft-ir thermonicolet. kBr tablet technique 
was applied. Prepared tablets has a diameter of 13 mm. 

the tablet consisted of 0.2 g kBr and 0.002–0.003 g  
of studied specimen (pyrolytic soot and flaky graphite). one 
tablet was also prepared with half charge of soot. the conditi-
ons of measuring were as follows: a range of 4,000–400 cm–1,  
64 scans, a resolution of 4 cm–1.

Differential thermal analysis was carried out using 
Derivatograph–C (MOM) equipped by evaluating software 
WinDer. the measurement has been performed in natu-
ral atmosphere up to 1,000 °C at a temperature gradient of 
10 °C min–1.

results
M a g n e t i c  s e p a r a t i o n

the results of magnetic separation are introduced in 
table i. thus, in such way, a 62.22 % of Fe was removed 
from soot, whereas obtained Fe-bearing products, namely 
M-W (steel wires) and M-g (grainy product), attain the Fe 
content of 98.40 % and 23.50 %, respectively. naturally, the 
content of iron clearly corresponds with the value of volume 
magnetic susceptibility of obtained products. undesirable 
elements such as zinc and sulphur, coming from additives at 
tires production, are bonded with combustible matter of soot. 
similarly, a 37.78 % of Fe at a content of 1.01 % remains in 
deferrized soot.

More detailed chemical composition of defferized soot 
is given in table ii and iii. thus, under application of dry 
low-intensity high-gradient magnetic separation the product 
with carbon content of 80.5 % can be won.

X r D  s t u d y  o f  M a g n e t i c  s e p a r a t i o n 
P r o d u c t s 

the diffractograms of grainy magnetic product (M-g)  
and defferized soot are introduced in Fig. 3 and Fig. 4, 
respectively. 

Magnetite and graphite were identified in grainy magne-
tic product. the defferized soot contains the following mine-
ral phases:

gph1 – graphite – hexagonal, a0 = 2.463, c0 = 6.714,
gph2 – graphite – hexagonal, a0 = 2.456, c0 = 6.696,
Lon – Lonsdaleite – hexagonal, a0 = 2.52, c0 = 4.12, 
(high pressure modification of carbon),
Cal – Calcite – CaCO3,
ran – rankinite – Ca3si2O7.

•
•
•
•
•
•

table i
Quality and material balance of separation products

 Product Yield [%] κ Content [%] recovery [%]
    LOi Fe Zn s LOi Fe Zn s
 M-W 1.21 852,267 0.00 98.40 0.22 0.00 0.00 45.93 0.07 0.00
 M-g 1.81 107,074 59.60 23.50 2.54 2.83 1.27 16.34 1.19 2.13
 n 96.98 1,412 86.72 1.01 3.92 2.43 98.73 37.78 98.74 97.87
 feed 100.00 13,620 85.18 2.60 3.85 2.40 100.00 100.00 100.00 100.00
κ – volume magnetic susceptibility (10–6 si unit), LOi – loss on ignition

Fig. 3.	 XrD	pattern	of	m–g	product

table ii
Composition of deferrized soot

 LOi Fe Zn s siO2 Ca sum
86.72 1.01 3.92 2.43 4.12 1.13 99.33

table iii
CHn elementary analysis of deferrized soot

 C H n ra C/Hb

 80.50 1.80 0.30 17.40 3.75
aDifference r = 100% – C(%) – H(%) – n(%)
bratio C/H is related to atomic weight ratio
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the presence of two forms of graphite is approved by its 
forked peaks. An enhanced background in the both samples 
indicates an occurrence of amorphous or cryptocrystalline, 
primarily carbon phase.

F t - i r  s t u d y  o f  D e f e r r i z e d  s o o t
the Ft-ir spectra of defferized soot are illustrated in 

Fig. 5 and Fig. 6, respectively. For comparison a Ft-ir 
spectrum of flaky graphite is introduced in Fig. 7. The inter-
pretation of obtained spectra of soot can be as follows: 

3,431–3,424 cm–1 – ν (oH), valence vibrations of –oH 
bonds, intramolecular H–bond7. Vibrations of water, 
coming from tablet preparation. this band is very con-
spicuous.
2,976–2,852 cm–1 – νas(CH3), group – (C) – CH3, valence 
vibrations of C – H bonds of alkanes, for which is typical 
forked band in the range of 2,980–2,850 cm–1.
2,064 cm–1 – ν (C ≡ C), group – C ≡ C – H, very small 
peak, at larger charge of specimen more visible, it is 
on the border of belt of the valence vibrations of C ≡ C 
bonds. regarding chemical composition of studied soot 
it is probably concerned the bond of carbonyl group 
> C = O with metal. typical band is in the range of 
2,100–2,000 cm–1.
1,635 cm–1, or more precisely 1,650–1,600 cm–1 at lar-
ger charge – ν (C = C), group – C = C – C = C –, valence 
vibrations of conjugated C = C bonds, often two bands, 
weaker at 1,650 cm–1, stronger at 1,605 cm–1. About of 
1,600 cm–1 there are also vibration of aromatic C = C 
bonds and water.
1,448–1,350 cm–1 – valence vibration of C – O bonds in 
the groups COOH.
1,107–1,049 cm–1 – valence vibration of C – C bonds.
800 – 700 cm–1 – vibrations of aromatic C = C bonds.

the strong vibration at 1,420 cm–1 as well as weak 
vibrations at 890–880 cm–1 and 700 cm–1 were also 
investigated in soot specimen, i.e. all in the fingerprint region  
(1,500–400 cm–1). they can be considered as the peaks of 
calcite17, which was also detected by XrD study.

Authors14,15 describe weak vibrations for graphite at 
1,590 cm–1 and 868 cm–1. these vibrations were also recor-
ded in studied specimens and in the case of flaky graphite 

•

•

•

•

•

•
•

spectrum, several additional peaks were also detected, proba-
bly rests of flotational agents.

Authors14 give the following values of vibrations for 
amorphous carbon: 1,587 cm–1 (middle intensity), 1,250 cm–1  
(strong intensity), further without description of inten-
sity: 1,188 cm–1, 1,168 cm–1, 1,127 cm–1, 1,090 cm–1  
and 1,045 cm–1. these vibrations were also observed  
in spectra of deferrized soot (Fig. 5 and 6). thus, with regard 
to results of chemical and XrD analyses, it can be pointed to 
fact that amorphous carbon occurs in soot.

Fig. 4.	 XrD	pattern	of	deferrized	soot Fig. 5.	 ft-ir	spectrum	of	defferized	soot

Fig. 6.	 ft-ir	spectrum	of	defferized	soot	–	half	charge

Fig. 7.  FT-IR spectrum of flaky graphite
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subsequently, interpretation of given Ft-ir spectra in 
correlation with chemical analyses can be amended as fol-
lows: bands in the region of 1,150–1,000 cm–1 probably ap-
pertain to valence vibrations of C – sO2 – C (also in the region 
of 1,376–1,300 cm–1) and si – O – si bonds18. A small, but 
visible peak in the area of 740–690 cm–1 testifies to a pre-
sence of valence bond C – s18. in the region of 500–400 cm–1, 
namely 474 cm–1 in Fig. 5, there are reported valence vibra-
tion of si – O – si bonds by authors in papers18,19. similarly 
as to the region of 500–400 cm–1 other authors20 introduce 
for Zn – O bonds vibrations at 532 cm–1 and 473 cm–1, what 
corresponds with the spectra of studied soot.

D t A  s t u d y  o f  D e f f e r i z e d  s o o t
DtA and tg curves are illustrated in Fig. 8. the total 

mass loss is running about of 85 %, which is in accordance 
with LOi introduced in table i and ii, respectively. 

As to the course of DtA curve a giant exothermic ef-
fect can be observed in a temperature interval of 300–860 °C. 
this effect has three tops, namely at 323, 481 and 848 °C. 
the tops are probably connected with an occurrence of seve-
ral phases of carbon and/or differences in grain sizes of bur-
ning soot.

Conclusion
the study of soot coming from pyrolysis of used tires 

was performed with the aim to verify the possibilities of its 
treatment and an application in various branches of industry 
as a secondary raw-material. special attention was paid to 
deferrized soot. 

XrD analysis showed an occurrence of two forms of 
graphite, lonsdaleite, calcite and rankinite in such soot. 

using Ft-ir spectroscopy, graphite and amorphous 
carbon were identified. Vibrations of functional group of 
alkanes, alkenes, alkines and aromatic hydrocarbons have 
been also observed. Owing to presence of aromatic hydro-
carbons bonds it is needed to mention paper21, where authors 
studied bonds of carbon in commercial and pyrolytic soot. 

thus, these carbon blacks are different in the occurrence of 
aromatic hydrocarbons. Commercial soot, applied in tires 
production as filler, does not contain any aromatic hydrocar-
bons and carbon content is higher by 10 %, then in pyrolytic 
soot. it usually attains 90–97 %. 

Other chemical components such as s, Zn, Ca, and siO2 
determined in pyrolytic soot coming from original fillers and 
modifiers added to tire mixtures to obtain required proper-
ties.

Finally, studied pyrolytic soot containing of 80.5 % C is 
not suitable for application in tires production, because car-
bon content over 95 % is desired. this deferrized pyrolytic 
soot can be used as a filler to asphalt mixture on surface of 
roads, also in shoe manufacturing industry and generally in 
production of rubber with lower quality.

This work was supported by the Slovak Research and 
Development Agency on the basis of the contract No. APVV-
51-035505 and Slovak Grant Agency for the VEGA projects 
No. 1/4193/07 and 2/7163/27.
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introduction
in cooperation with the novaCell project, a central euro-

pean nssC mill, kappa Štúrovo in slovakia, has converted 
to sulphur-free production during 2004. it is a new and sul-
phur free process concept for manufacturing of chemical and 
semi chemical fibres. The starting point for the development 
of novaCell process has been a 2-stage cooking process, con-
sisting of a mild pre-hydrolysis stage with AQ in aqueous 
environment followed by a cooking stage with alkali. new 
technology consumes a cooking liquor compound from 
sodium hydroxide and sodium carbonate for delignification. 
sAQ pulp is made from mixture of three hardwood species 
– hornbeam, birch and poplar.

The first results for different wood resources indicated 
a great potential to reduce the wood consumption at a given 
production rate or conversely, at a given wood consumption 
level, the pulp production can be increased considerably 
compared to the kraft process. therefore one of the nova-
cell aims is high yield, higher than a modern kraft. A higher 
pulp yield will also contribute to a better use of the capital 
employed in the pulp mills1. 

Wood is the dominant cost factor for a pulp mill. Pulp 
yield has a major impact on the competitiveness of a mill2. 
in order to optimize pulp yield, for example by changing 
the operating conditions, a mill must be able to monitor the 
yield accurately. traditionally, pulp yield is estimated based 
on wood usage and pulp sales data covering a period of  
3–6 months to eliminate the mill operation dynamics. How-
ever, this approach can not be used to monitor yield changes 
occurring for brief periods, e.g., during evaluation of process 
modifications3. there are two general approaches available 
to measure mill pulp yield: the direct and indirect methods.  
in the direct pulp measurement method the yield is determined 
from the wood and pulp mass or mass flow rates. The indi-
rect pulp yield measurement methods rely on measurement of 
pulp or spent pulping liquor properties to determine the yield 
using pre-established “calibration curves”. The semichemical 
sAQ pulp yield is estimated by methodology developed by 
Duranti4 and improved by kovács and Pavlik5. it is based on 
dependence of semichemical pulp yield in  % from specific 
mass according wood species charge. Woitkovich pointed out 
the importance of knowing the relationship between pulp pro-
perties and yield and using of indirect methods for unmens-
urability of yield and mensurability of physical properties 
6. since there is not an explicit relationship between yield 

and inputs, our aim was to find a mathematical relationship 
between yield and charge of different species of hardwoods 
and charge of alkali. We had a concept of a usable equation 
for industry, in particular for the Smurfit Kappa Štúrovo mill. 
there are still problems for technologists at the place.

We would like to consider which of the parameters is 
ruling and statistically significant. By means of mixed coo-
king we managed to study not only total yield but also yields 
of individual species of wood. this allows to compare the 
rate of cooking and reciprocal influences7.

experimental
M a t e r i a l s

For the experiment we used chips from Smurfit Kappa 
Štúrovo a.s. woodyard. Chips from three species of hardwo-
ods (hornbeam, birch, poplar) were used for cooking sAQ 
semichemical pulp. Dry matter of the chips before cooking 
(hornbeam = 93.5 %, birch 94 %, poplar = 94.5 %) and their 
fractionation have been defined. Screenings from sieve with 
0.705 cm mesh were used for cooking. 

the cooking liquor was mixed from black and green 
liquor from Smurfit Kappa Štúrovo a.s. Acid-base titration 
was used for determination of sodium hydroxide and sodium 
carbonate. 

green liquor:
concentration: naOH = 27.94 g dm–3 as na2O

 na2CO3 = 71.14 g dm–3 as na2O
 total alkali = 99.08 g dm–3 as na2O

Black liquor:
concentration: na2CO3 = 48.67 g dm–3 as na2O

 naOH = 0 g dm–3 (consumed)
 total alkali = 48.67 g dm–3 as Νa2Ο

C o o k i n g
Cooking was carried out in a 1 dm3 autoclaves electri-

cally heated in silicone oil. 100 g of oven-dry chips with 
hydromodule (liquor/wood rate) 3 were added. the charge of 
anthraquinone was 0.5 % for oven-dry wood. Cooking tem-
perature was 170 °C for 60 minutes (cooking time).

Cooking curve was recorded by help of a digital thermo-
meter. Alkali charge was calculated from determined sodium 
hydroxide in green liquor. 

When mixed cooking is carried out, reduction of liquor 
concentration is followed by the influence of more accele-
rated cooking of some species. However, this effect changes 
the conditions for other ones. this is why we wanted both 
total and partial yield of each wood specie. the same condi-
tions have been provided for each wood in autoclave (sepa-
rated by permeable barrier). it was entered with stainless steel 
bars. Calculated and weighed volumes of chips were put into 

Fig. 1.	 experimental	procedures
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stainless container gradually. each specie was covered with 
stainless steel bar. Full cooking container was inserted into 
autoclave and flooded with the volume of green liquor as 
shown in table ii. the volume was topped up to 300 ml with 
black liquor. When oil in boiler reached 170 °C, the prepared 
autoclaves were inserted. it is possible to cook three autocla-
ves in our boiler. 

After 60 minutes the autoclaves were removed from the 
boiler and cooled down. then, the autoclaves were opened 
and each wood specie had been washed for 48 hours in per-
meable polyamide bags. After cooking the liquor was taken 
for analysis. Washed chips were dried at 105 °C. Oven-dry 
chips were weighed and the yield was determined gravime-
trically.

e x p e r i m e n t a l  D e s i g n
Central composite rotatable design (CCrD) was used in 

this study8. the design consists of a three-factored (n = 3) 
factorial design with two levels. the levels, codes and inter-
val of variation of the independent variables are given in 
the table i, while the treatment combinations with respon-
ses are presented in table iii. the process variables consi-
dered were charge of hornbeam (16.4–70 g), birch/poplar 
ratio (0.16–1.84) and charge of alkali expressed as na2O 
(6.7–7.7 %). Center composite design was used to show the 
effect of charge of different hardwood and alkali charges on 
the pulp yield in 20 runs of which 6 were for the center point, 
and 14 were for noncenter point with axial distance of 1.6818 
(α = 2n/4). the following second order polynomial response 
surface model (1) was fitted to each of the response varia-
ble where b0, bi, bii, and bij are the constant, linear, quadratic 
and cross-product regression coefficients, respectively, Xi’s 
are the coded independent variables of X1 (hornbeam, g), X2 
(ratio birch/poplar) and X3 (alkali charge, %).

j
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A three-dimensional response surface and contour 
plots of independent variables and their interactions were 
generated using the statgraphics plus. Optimization of sAQ 
cooking was aimed at establishing appropriate levels within 
the independent variables such as charge of hornbeam, birch/
poplar ratio and alkali charge. 

results
the effect of hornbeam, birch/poplar ratio and alkali 

charges on the yield was investigated using the CCrD statis-
tical model. the observations for total yield, hornbeam yield, 
birch yield and poplar yield with different combinations of 
the process parameters are presented in table iii. response 
surface analysis was applied to the experimental data using 
statgraphic plus. the second-order polynomial response sur-
face model (1) was fitted to each of the response variable (Y). 
Estimated regression coefficients of the quadratic polynomial 
models for the response variables, along with the correspon-
ding r2 and P-values, are given in Table IV. The coefficient 
of determination (r2) values of all responses are quite high 
( > 0,8) the highest (nearly 0.9) in case of total yield and the 
lowest in case of yield of birch. 

By analysis of solid residue after delignification accor-
ding to treatment combinations of experiments of CCrD the 
values of yields were obtained. Predictive equation (2) for 
total yield of sAQ pulp was acquired from non-linear regres-
sion analysis.

Assessment of the effect of individual regression coe-
fficients claimed that alkali charge has the most significant 
influence on pulp yield; negative sign indicates that this 
influence is negative. Its influence is statistically significant 

table i
Coded and uncoded levels of three variables used in cooking 
of hardwood mixture

 Variables Levels semi-
 –1.682 –1 0 1 1.682 range
 Hornbeam [g] X1 16.4 30 50 70 70 20
 Birch/Poplar X2 0.16 0.5 1 1.5 1.84 0.5
 na2O [%] X3 6.7 6.9 7.2 7.5 7.7 0.3

table ii
real quantities for responsible levels used in cooking of 
hardwood mixture

 Variables Levels 
  –1.682 –1 0 1 1.682
 Hornbeam [g] 16.4 30 50 70 88.6
 Birch [g] 6.9 16.7 25 30 32.4
 Poplar [g] 43.1 33.3 25 20 17.6
Charge of green 240 247 258 268 276
green liquor [ml]

Fig. 2.	 saddle	3D	response	surface	of	the	effect	of	hornobeam	
charge	and	birch/poplar	ratio	on	total	yield	of	saq	semichemi-
cal	 pulp	 from	 hardwood	 mixture	 when	 the	 alkali	 charge	 was	
constant	7.2	%	as	na2o
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in all cases (P-value is less than 0.05). negative effect of this 
trend is demonstated in combinations with other parameters 
(in particular hornbeam charge). However, this impact is not 
always statistically significant. 

The second important factor which can influence the 
yield of semichemical pulp is the birch/poplar ratio in the 
processed mixture. Moreover, the yield will be influenced 
mainly by poplar charge in the mixture which was cooked 
at the slowest rate in our conditions (table iii). its effect is 

negative for total yield and for poplar yield. Approximate 
poplar yield is not more than 2 % compared to semichemical 
pulp from birch and hornbeam. 

Optimal values of yields and the conditions in which it 
is possible to get them can be read from local maximums 
and minimums shown in Fig. 3. Dominant position of the 
effect of alkali charge is confirmed by the drop of yield in 
dependence upon of 1 %alkali charge. the effect of other 
parameters is within several few tenths of percent. generally, 
the results give numerous possibilities and combinations how 
to evaluate the effect of individual variables on the monito-
red result, in this case the yield. the canonical analysis indi-
cated that the predicted response surface is a saddle shaped 
as depicted in Fig. 2.

since the method applied is taken after preliminary ana-
lysis for determine optimal process parameters to acquire 
the desired (min, max) result, in table V a combination of 
optimal parameters for acquirement of maximum yield is pre-
sented. in our case it is not clear whether maximum yield is 
the suitable result. it is necessary to compare and evaluate 
the other qualitative parameters, for example chemical com-
position. 

table iii
treatment combinations for sAQ cooking with 3 variable 2nd-order response surface model designs

 Coded variables un-coded variables response
 runs X1 X2 X3 Hornbeam Birch/ na2O yield of yield of yield of total yield      Poplar  hornbeam birch poplar
 1 0 0 0 50 1 7.2 78.5 80.9 80.0 79.8
 2 0 0 0 50 1 7.2 80.4 80.8 80.4 80.5
 3 1.682 0 0 88.6 1 7.2 79.8 77.2 84.2 80.4
 4 –1.682 0 0 16.4 1 7.2 80.5 80.1 82.1 80.9
 5 0 1.682 0 50 1.84 7.2 78.9 80.1 81.6 80.2
 6 0 –1.682 0 50 0.16 7.2 79.1 78.6 80.7 79.5
 7 0 0 0 50 1 7.2 78.8 80.8 79.6 79.7
 8 1 1 –1 70 1.5 6.9 79.1 78.9 80.0 79.3
 9 0 0 0 50 1 7.2 79.6 79.6 82.0 80.4
 10 0 0 –1.682 50 1 6.7 79.8 80.0 81.2 80.3
 11 –1 –1 –1 30 0.5 6.9 79.0 75.7 83.2 79.3
 12 0 0 0 50 1 7.2 79.0 80.4 80.8 80.1
 13 –1 1 1 30 1.5 7.5 79.7 78.8 82.5 80.3
 14 0 0 0 50 1 7.2 79.2 78.0 80.0 79.1
 15 1 –1 –1 70 0.5 6.9 80.6 80.0 81.5 80.7
 16 0 0 1.682 50 1 7.7 79.0 78.4 82.0 79.8
 17 1 1 1 70 1.5 7.5 77.7 77.8 82.5 79.3
 18 –1 1 –1 30 1.5 6.9 78.7 78.1 79.6 78.8
 19 –1 –1 1 30 0.5 7.5 77.0 77.4 80.9 78.4
 20 1 –1 1 70 0.5 7.5 77.6 77.0 77.5 78.0

Fig. 3.  Influence of variables on total yield of SAQ semichemi-
cal	pulp	from	hardwood	mixture

y = 225.84 + 0.34X1 – 3.04X2 – 40.46X3 –
0.00061X1

2 + 1.19X2 + 2.83X3
2 + 

0.02X1X2 – 0.08X2X3 – 0.04X1X3

 (2)
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Conclusions
Because yields of different wood species were monito-

red in cooking of mixed hardwoods in additon to total yield, 
we are able to assess the changes of individual species when 
delignification is influenced by changes in alkali concentra-
tion. It varies according to the rate of delignification of indi-
vidual wood species. It is possible that quickly delignified 
wood reduces the alkali concentration. Consequently, alkali 
concentration is not sufficient for wood with slower delig-
nification. Again, this rate is more reduced with decreasing 
alkali concentration. 

By the yields comparison of investigated wood species 
we found out that in mixed cooking dawns the slowest drop 
of yield in the case of poplar. throughout the range upper 
yield up to 2 % was established.in the all range. Birch and 
hornbeam wood mass drops were almost equal. 

the information about yields of individual wood species 
from mixed cooking were processed to the followingdepen-
dence (equation): yield = f(wood charge, alkali charge). it 
can be said on the basis of the coefficients in the equation 

that alkali and poplar charges show the highest effect on pulp 
yield. the effect of hornbeam charge in hardwood mixture 
was insignificant.

We thank Slovak Grant Agency (Project VEGA 1/0770/08) 
for its financial support. The authors express their thanks to 
E. Szabó and M. Babinec from Smurfit Kappa Sturovo a.s. for 
cooperation.
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table iV
Estimated coefficients for determination of semichemical pulp yield and P-values of statistical significance

 Estimated Influenced Total yield Yield of hornbeam Yield of birch Yield of poplar
 coefficients parameter Estimate P-value Estimate P-value Estimate P-value Estimate P-value
 bo  225.84  198.77  254.98  224.064 
 b1 X1 0.34 0.7415 0.53 0.4328 0.314 0.544 0.184 0.4989
 b2 X2 –3.04 0.8957 2.39 0.7966 5.142 0.650 –16.44 0.6543
 b3 X3 –40.46 0.0001* –35.43 0.0004* –49.32 0.001* –36.7497 0.0017
 b11 X12 –0.00061 0.0202* –0.0003 0.2433 –0.001 0.048* –0.00069 0.0459
 b22 X22 1.19 0.0076* 0.58 0.1728 1.82 0.013* 1.1559 0.0387
 b33 X32 2.83 0.0172* 2.58 0.0392* 3.484 0.065 2.425 0.1025
 b12 X1X2 0.02 0.0666 –0.034 0.0280* 0.031 0.155 0.0763 0.0009
 b23 X2X3 –0.08 0.9269 –0.25 0.7812 –1.417 0.320 1.417 0.2216
 b13 X1X3 –0.04 0.0599 –0.065 0.0146* –0.035 0.320 –0.027 0.3423
 r2 88.70 84.26 81.88 85.42
* value is statistically significant if P < 0.05

table V
Optimal values for maximal yield

 Optimal values
  total Hornbeam Birch Poplar
 yield [%] 83.62 82.77 84.12 84.55
 Hornbeam [%] 83.64 83.64 72.41 51.61
 ratio birch/poplar 1.84 0.39 1.79 0.16
 na2O [%] 6.70 6.70 6.70 6.70
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introduction
bis(arylmethylidene)cycloalkanones as very important 

biologically active intermediates1, are generally synthesized 
via aldol condensation of homocyclic ketones with aromatic 
aldehydes2. So far, several procedures have appeared in the 
literature for the synthesis of these compounds using Lewis 
acid catalysis3, solid-supported reactions4, ionic liquids5 
microwave irradiation4a, and ultrasound mediation4b.

in contrast, on the heterocyclic counter part much less 
development is achieved. in this regard, we recently disclo-
sed Lewis acid catalyzed synthesis of several novel bisaryl-
methylidene derivatives of pyranone6, thiopyranone7, piperi-
dinone8, dioxanone,9 and cyclohexenone10 structures using 
very straight forward synthetic methods. the structure of 
these products was assigned logically based on their spectros-
copic characterization. however, to distinguish between the 
possible isomers (Scheme 1) and to verify the proposed geo-
metry we decided to determine the crystal structure of repre-
sentative compounds.

in the present article, a convenient and rapid procedure 
is offered for the synthesis of bis(arylmethylidene) piperidin-
4-ones under catalysis of Libr which has found many appli-
cations as a mild Lewis-acid in recent years to ease up vari-
ous synthetic organic transformations.11 the X-ray structure 
analysis of the p-methoxyphenyl derivative confirms the 
presence of exocyclic double bonds in the products in Z-Z 
configuration 3 (Scheme 1).

experimental
G e n e r a l

Reactions were monitored by tLC. nMR spectra were 
obtained on a ft-nMR bruker Ultra Shield™ (500 Mhz) as 
CdCl3 or dMSO-d6 solutions and the chemical shifts were 
expressed as δ units with Me4Si as the internal standard. all 
chemicals and reagents were purchased from commercial 
sources.

t y p i c a l  P r o c e d u r e
a mixture of 4 (table ii) (5.0 mmol), an aldehyde 

(5.0 mmol), Libr (0.5 mmol), and et2nh (10.0 mmol) in 
Ch2Cl2 (15 ml) was stirred in a flask. Complete disappea-
rance of the starting materials was observed within 2-3 hours 
by tLC. the mixture was diluted by dichloromethane and 
washed twice by water. the organic phase was dried over 
na2SO4, the solvent was removed at reduced pressure and the 
product was precipitated after removal of the volatile portion. 
the structures of the products were assigned by spectroscopic 
methods.

S p e c t r a l  d a t a
3a: iR [cm–1]: (Kbr) v 3,235 (nh), 1,665 (C = C), 1,593 

(C = O); 1h nMR [ppm]: (CdCl3) δ 1.68 (s, 1H, NH), 4.21 
(s, 4h, h2C – n – Ch2), 7.40–7.48 (m, 10h, ar), 7.86 (s, 2h, 
Ch = C); 13C nMR [ppm]: (CdCl3) δ 48.6 (NCH2), 128.9, 
129.5, 130.9, 135.4, 135.6, 136.4, 188.4 (C = O).

3b: iR [cm–1]: (Kbr) v 3,289 (nh), 1,657 (C = C), 1,579 
(C = O); 1h nMR [ppm]: (CdCl3): δ 1.74 (s, 1H, NH), 2.43 
(s, 6h, Ch3), 4.18 (s, 4h, h2C – n – Ch2), 7.26 (d, J = 8 hz, 
4h, ar), 7.32 (d, J = 8 hz, 4h, ar), 7.82 (s, 2h); 13C nMR 
[ppm]: (CdCl3) δ 21.9 (CH3), 48.6 (nCh2), 129.7, 131.1, 
132.9, 134.8, 136.3, 139.8, 188.4 (C = O). 

3c: iR [cm–1]: (Kbr) v 3,242 (nh), 1,667(C = C), 1,509 
(C = O); 1h nMR [ppm]: (CdCl3): δ 1.72 (s, 1H, NH), 3.90 
(s, 6h, OCh3), 4.19 (s, 4h, h2C – n – Ch2), 6.98 (d, J = 9 hz, 
4h, ar), 7.40 (d, J = 9 hz, 4h, ar), 7.81 (s, 2h, Ch = C); 13C 
nMR [ppm]: (CdCl3): δ 48.6 (NCH2), 55.8 (OCh3), 114.5, 
128.4, 132.9, 133.6, 136.1, 160.7, 188.3 (C = O). 

3d: iR [cm–1]: (Kbr) v 3,301 (nh), 1,657 (C = C), 1,584 
(C = O); 1h nMR [ppm]: (CdCl3) δ 1.77 (s, 1H, NH), 4.15 
(s, 4h, h2C – n – Ch2), 7.35 (d, J = 8.5 hz, 4h, ar), 7.43 (d, 
J = 8.5 hz, 4h, ar), 7.78 (s, 2h, Ch = C); 13C nMR [ppm]: 
(CdCl3) δ 48.5 (NCH2), 129.3, 132.1, 134.0, 135.1, 135.6, 
135.7, 187.9 (C = O). 

3e: iR [cm–1]: (Kbr) v 3,240 (nh), 1,668 (C = C), 1,585 
(C = O); 1h nMR [ppm]: (dMSO–d6) δ 3.40 (s, 1H, NH), 
4.14 (s, 4h, h2C – n – Ch2), 7.37 (d, J = 8 hz, 4h, ar), 7.60 
(d, J = 8 hz, 4h, ar), 7.64 (s, 2h, Ch = C). 

3f: iR [cm–1]: (Kbr) v 3,350 (nh), 1,650 (C = C), 1,605 
(C = O); 1h nMR [ppm]: (CdCl3) δ 1.70 (s, 1H, NH), 3.43 
(s, 4h, h2C – n – Ch2), 3.74 (s, 12h, OCh3), 3.88 (s, 6h, 
OCh3), 6.13 (s, 4h, ar), 7.70 (s, 2h, Ch = C); 13C nMR 
[ppm]: (CdCl3) δ 54.2 (NCH2), 55.7 (OCh3), 55.9 (OCh3), 
90.8, 107.2, 129.8, 134.9, 159.6, 162.4, 188.0 (C = O). 

 1	 2	 3
Scheme 1
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3g: iR [cm–1]: (Kbr) v 3,291 (nh), 1,647 (C = C), 1,581 
(C = O); 1h nMR [ppm]: (CdCl3) δ 1.85 (s, 1H, NH), 4.22 
(s, 4h, h2C – n – Ch2), 7.19 (dd, J = 4, 4.5 hz, 2h), 7.38 (d, 
J = 4 hz, 2h), 7.60 (d, J = 4.5 hz, 2h), 7.98 (s, 2h, Ch = C); 
13C nMR [ppm]: (CdCl3) δ 48.2 (NCH2), 127.5, 128.6, 
131.3, 133.0, 133.6, 139.1, 187.0 (C = O).

X - r a y  C r y s t a l  S t r u c t u r e  a n a l y s i s
a crystal of 3b was investigated on an iPdS ii area de-

tector system (Stoe) at –120 °C using MoKα-radiation. Crys-
tal and experimental data are given in table i. 

the structure was solved by direct methods in space 
group Cmc21 and refined using the SHELX97 programs12 
with anisotropic displacement parameters for all C and O 
atoms. all hydrogen atoms were located from a difference 
Fourier map but H4 at N4 only was refined. The others were 
kept riding on idealized positions with isotropic displacement 
parameters taken as 1.2Ueq (1.5 Ueq for Ch3) of their bonding 

partners. no absorption or extinction correction was applied. 
the absolute structure was not determined, the friedel pairs 
were merged. Crystallographic data (excluding structure 
factors) for the structure reported in this paper have been 
deposited with the Cambridge Crystallographic data Cen-
ter as supplementary publication no. CCdC-689654. Copies 
of the data can be obtained free of charge on application to 
CCdC, 12 Union Road, Cambridge Cb2 1eZ, UK [fax: int. 
Code + 44(1223)336-033; e-mail: deposit@ccdc.cam.ac.uk 
or via www.ccdc.cam.ac.uk/conts/retrieving.html]

results
an equimolar mixture of piperidin-4-ones	4 and an alde-

hyde (as listed in table ii) was treated with Libr (10 % mol) 
and et2nh in dichloromethane. Complete conversion of the 
starting materials to the desired product was observed within 
2–3 hours as reactions were monitored by tLC. Control 
experiments confirmed the combined promoting and cataly-
tic effects of Libr; an alternative reaction in the absence of 
the catalyst led to formation of less than 10 % of the product 
after 24 hours.

the structure of the products was assigned with spectros-
copic methods and compared with the literature data. in order 
to verify this structure, a single crystal of 3b was prepared 
and investigated by X-ray diffraction. the result, as depicted 
in fig. 1, clearly supports the proposed structure with exocy-
clic double bonds C2–C5 and C2’–C5’. 

table i
Crystal and experimental data for 3b

 empirical formula C21h21nO3
 formula weight 335.39
 temperature 153(2) K
 Wavelength 0.71073 Å
 habitus, color needle, ligth-yellow
 Crystal size 0.39 × 0.12 × 0.06 mm3

 Crystal system orthorhombic
 Space group Cmc21, Z = 4
  a = 37.748(5) Å
 Unit cell dimensions b = 7.3077(10) Å
  c = 6.0658(9) Å
 Volume 1,673.3(4) Å3

 density (calculated) 1.331 mg m–3

 Absorption coefficient 0.089 mm–1

 f(000) 712
 diffractometer type iPdS–ii
 theta range for data 2.16 to 27.09 °
 collection
 index ranges –48 ≤ h ≤ 48, –9 ≤ k ≤ 9,
  –7 ≤ l ≤ 7
 Reflections collected 6,300
 Independent reflections 1,023 [R(int) = 0.1296]
 Completeness to 99.6 %
 theta = 26.30 °
 Observed reflections 619 [I > 2σ(I)]
 Refinement method full–matrix least–squares
  on f2

 data/restraints/ 1,023/1/121
 parameteres
 Goodness–of–fit on F2 0.826
 R indices (all data) R1 = 0.0756, wR2 = 0.0854
 Final R indices [I > 2σ(I)] R1 = 0.0396, wR2 = 0.0762
 Largest diff. peak 0.130 and –0.187 e.Å–3
 and hole

table ii
Libr catalyzed aldol condensation reactions of 4

 arChO Product M.P. [°C] Yield [%]
 benzaldehyde 3a 175–177 92
 (p-MeO)benzaldehyde 3b 196–197 93
 (p-Me)benzaldehyde 3c 180–181 90
 (p-Cl)benzaldehyde 3d 192–194 88
 (p-br)benzaldehyde 3e 207–208 87
 2,4,6-(MeO3)C6h2ChO 3f 198–199 88
 2-thiophenecarbaldehyde 3g 205–206 91

 4	 3a–g

fig. 1.	 Structure	of	3b	at	153	K	in	the	crystal.	displacement	el-
lipsoids	at	50%	probability	level.	Bond	lengths	C1–C2	1.486(4),	
C2–C3	1.521(4),	C2–C5	1.340(4)	Å
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Conclusions
in summary, a Libr promoted aldol condensation of 

piperidin-4-ones	 4 with various aldehydes was carried out 
within few hours. Reactions proceeded with catalytic amounts 
of the Lewis acid, and use of harsh conditions and tedious 
work up procedures were avoided. high yields of the pro-
ducts and rapid completion of the reactions are among other 
advantages of this methodology. the proposed structure was 
confirmed by single crystal X-ray diffraction analysis.

This work has been partially supported by the Ministry 
of Science, Research, and Technology of Iran.
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introduction
diketopyrrolopyrroles (dPPs) and variously substituted 

analogues represent class of low molecular materials with 
large π-conjugated system (Fig. 1.). diketopyrrolopyrro-
les exhibits excellent photostability, heat and weather fast-
ness. furthermore, some of their physical properties such as 
absorption in visible area of light and high values of photo-
luminescence quantum yields together with semi-conducting 
properties are of considerable research interest. 

the characterization of new derivatives of diketopyrr-
olopyrrole with different substitution and determination of 
their potential use in optoelectronics was the main goal of 
our work.

experiments
We studied thirty derivatives of dPPs which were syn-

tetized in VUOS a.s. however, only three materials along 
with the basic derivative (dPP04) are discussed in this paper 
(table i).

the basic material dPP04 is insoluble in solvents with 
low polarity e.g. chloroform or toluene and only spectraly 

soluble in dimethylsulphoxide (dMSO). this material is 
therefore not usefull in spin-coating, dip or drop casting 
methods. the nitrogens of the basic dPP structure (R1, R2) 
were alkylated to increase the solubility in solvents like chlo-
roform and toluene.

the substitution of piperidine groups on phenyl groups 
was used for modification of all properties.

the studied materials were characterized by optical 
and electrical methods. the absorbance and photolumines-
cence spectra of these materials in dimethylsulphoxide and 
thin layers spin-coated on the SiO2 glass were analysed. 
the photoluminescence quantum yield of dPPs dissolved in 
dimethylsuphoxide was also determined.

the electrical masurements were obtained on sandwich 
structures, consisting of the transparent indium-tin oxide 
electrode (itO) on glass, spin-coated PedOt interlayer from 
water dispersion, spin-coated soluble dPP material, eva-
porated tris(8-hydroxyquinoline) (alq3) interlayer and finali-
zed by evaporation of the aluminium electrode.

the PedOt (polystyrenesulfonate/poly-(2,3-dihyd-
rothienol-(3,4b)-1,4-dioxin) interlayer was used for the 
decrease of the energy barrier for the hole injection and in a 
similar manner the alq3 interlayer was used for injection of 
electrons. 

the current-voltage and electroluminescence characteri-
zations were performed in vacuum at room-temperature.

results
the normalized absorbance and photoluminescence 

spectra of dPP solutions in dMSO are depicted on fig. 3. 
the basic optical properties of ddP solutions are summari-
zed in table ii.

The λabx, max is a wavelength of absobance maximum in 
a visible area of light, the εmax is the molar absorption coeff-
itient at this wavelength and the λPL, max is the wavelength of 
the photoluminescence maximum. 

the absorbance spectra and the calculations (table ii) 
show that the alkylation of nitrogens of basic dPP structure 
cause hypsochromic shift and change of the shape of the 
spectra and decrease the molar absorption coeffitient. But 
these changes don’t depend on length of alkyl chain. the sub-
stitution of piperidinyl groups on phenyls contributed to the 
large batochromic shift and increased the molar obsorption 
coeffitient. 

the photoluminescence spectra and calculations give the 
results that the alkylation’s of nitrogen’s caused the change of 

fig. 1.	 General	formula	of	dPPs

table i
dPP derivatives used in experiments

 dPP R1, R2 R3, R4

 dPP04 –h  

 dPP10 –C4h9  

 dPP12 –C7h15  

 dPP29 –C4h9  

fig. 2.	 Sandwich	 structure	 for	 electrical	 and	 optoelectrical	
measurement
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shape of the spectra but it does not depend on length of alkyl 
chain. the substitution of piperidinyl groups on phenyls con-
tributed to the large batochromic shift again and the substitu-
ton decreased the photoluminescence quantum yield.

the electroluminescence spectra show that the electro-
luminescence does not essentially depend on legth of used 

alkyl chain. the substitution of piperidine groups on phenyls 
had the similar effect analogous to absorbance or photolu-
minescence spectra and contributed to the large batochromic 
shift.

Conclusions
this work was focused on study of number of diketopyr-

rolopyrroles with different substitution on nitrogens of basic 
skeleton of dPP and on phenyl groups.

the absorbance and photoluminescence spectra of dPPs 
in dMSO solutions give the result that the alkylation of nit-
rogens of the basic dPP structure changes the spectra, but 
the length of used alkyl chain doesn’t have influence on the 
change.

the substitution of piperidinyl on phenyl groups (mate-
rial U29) contributed beside the batochromic shift of all types 
of spectra to the increase of molar absorption coeffitient and 
to the substantial decrease of photoluminescence quantum 
yield.

The all OLEd prototypes showed significant electro-
luminescent behavior and the utilized dPP materials are 
of new perspective and future development. however, the 
electroluminescence depends on many parameters and the 
optimalization of multilayered structure is necessary to obtain 
efficient light emitting diode.

This work was supported by the Ministry of Industry and 
Trade of the Czech Republic project FT-TA3/048 and by Grant 
Agency of Academy of Science by project A401770601.
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table ii
basic optical properties of dPPs soluted in dMSO

 dPP εmax λabx,max λPL,max QY  [l mol–1 cm–1] [nm] [nm]
 dPP04 34,300 507 516 0.74
 dPP10 18,500 467 530 0.69
 dPP12 19,500 466 529 0.77
 dPP29 42,400 536 599 0.41

fig. 3.	 normalized	absorbance	spectra	of	dPPs	in	dmSo	solu-
tions

fig. 4.	 normalized	 photoluminescence	 spectra	 of	 dPPs	 in	
dmSo	solutions

fig. 5.	 normalized	electroluminescence	spectra
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introduction
Caffeine test consists in caffeine oral intake followed by 

measurements of blood, saliva, labelled CO2 in the exhala-
tion air, urine caffeine or metabolites1,2. the pharmacokine-
tic parameters of caffeine, clearance and half-life time, were 
usually studied by hPLC and immunoassay methods and by 
GC/MS3. Clearance of caffeine is a quantitative test of hep-
atic function, because caffeine is metabolized by the hepatic 
P-450 cytochrome oxidase system. Caffeine, 1,3,7-trimethyl-
xanthine, has been introduced as a compound for measuring 
the metabolic capacity of the liver, being well tolerated when 
administrated orally. 

the aim of the present investigation was to validate a 
rapid GC/MS method for plasma caffeine level determination 
for the characterization of some pharmacokinetic parameters 
in children. the application of the method on hepatitis and 
cirrhosis is tested.

experimental
C h e m i c a l s  a n d  R e a g e n t s

Caffeine as a sterile caffeine sodium benzoate solution 
in water for injection use containing 125 mg of caffeine and 
125 mg of sodium benzoate per 1 ml ampoule was obtained 
from pharmacy. all other reagents were from Merck (Ger-
many). 15n-theophylline, 74,2 atom % 15n, labeled at the nit-
rogen in the position 7, synthesized in the national institute 
for Research and development for isotopic and Molecular 
technology Cluj-napoca, was used as internal standard

e q u i p m e n t
a hewlett Packard (Palo alto,Ca, USa) 5989b mass 

spectrometer coupled to a 5890 gas chromatograph were used 
in the conditions: ei mode, electron energy 70 eV, electron 
emission 300 µa and ion source temperature 200 °C, selected 
ion monitoring (SiM) mode. the GC/MS interface line was 
maintained to 280 °C, and quadrupol analyser at 100 °C. the 
gas chromatograph-mass spectrometer (GC/MS) assay used 
a hP-5MS fused silica capillary column, 30m × 0.25 mm, 
0.25 µm film-thickness, programmed from 200 °C to 250 °C 
at a rate of 10 °C min–1, the flow rate 1 ml min–1, with helium 
5.5 as carrier gas. injector temperature was 200 °C.

e x t r a c t i o n  P r o c e d u r e
0.5 ml of plasma containing caffeine was placed into a 

5 ml screw-cap vial and 5 µl of internal standard 15n-theo-
phylline, 1 ml of the extraction solvent, chloroform: isopropa-
nol 20 : 1 (v/v) and 0.2 g naCl were added. after mechanical  

mixing for 1 min, the sample was centrifuged for 3 min. 3 µl 
of the organic layer (lower layer) were injected into the GC.

M e t h o d  v a l i d a t i o n
the method was validated in the range 0–20 µg ml–1 ca-

ffeine. Known amounts of caffeine 3, 5, 10, 15, 20 µg ml–1 

and 10 µg of 15n-theophylline were taken through above 
procedure. the regression curve, plotted as peak-area ratio 
of m/z 194 to m/z 181 versus caffeine concentration, gave 
the following linearity parameters: slope 0.5082, intercept 
–0.0528, r = 0.98.

Precision gave R.S.d values lower than 5% for 5 µg ml–1  
(n = 7) and lower than 3 % for 3 µg ml–1 (n = 5). accuracy 
showed values lower than 10 % (table i). each value was 
obtained as an average between two measurements of the 
same sample. the limit of detection was 0.1 µg ml–1 caffeine 
in blood sample, signal to noise ratio 4 : 1.

P o p u l a t i o n
Caffeine concentration measurements were performed 

in 32 hospitalized children suffering of hepatic dysfunctions 
and controls. three different groups were studied: a, formed 
by 19 children with hepatitis aged 3–15 years old, b, consi-
sting from 5 children with cirrhosis, aged between 5–12 years 
old, and C, 8 children as control aged between 5–15 years 
old. the main dose was 4 mg kg–1, p.o., for all groups. blood 
samples were taken, at 0, 30 min, 1, 3, 6, 9 and 12 h. blood 
samples were drawn into heparinized plastic tubes and imme-
diately centrifuged. Plasma was stored at –20 °C. Written 
informed consents were obtained from each subject parent 
prior to this study.

C a l c u l a t i o n 
Regression curves obtained by the GC/MS method in the 

SiM mode were used for pharmacokinetic parameters study. 
Caffeine elimination constant was calculated as follows:

kel = (ln C1 – ln C2)/∆t, (1)

where C1 = higher caffeine blood concentration, C2 = lower 
caffeine blood concentration and ∆t = the time elapsed 
between venous blood samples

two points caffeine clearance was calculated as Cl = kel. 
Vd and caffeine half-life as t1/2 = ln 2/kel , using a constant 
volume of distribution (Vd) of 0.6 liters per kg body weight. 

table i
Precision and accuracy of the method

 Concentration  Concentration RSd accuracy added n measured [%] [%] [µg ml–1]  [µg ml–1]
 3 5 3.1 2.96 3.36
 5 7 5.5 5.06 10.0
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Clearance values calculated as dose/area under curve (aUC) 
were compared with the two-points values.	

results
Caffeine clearance, measured in patients with cirrhosis 

and chronic hepatitis, was reduced and half live time was incre-
ased in children with liver disease as compared with control. 
the decreased metabolism observed in patients with various 
forms of liver disease was correlated to the disease status. 
Plasma concentrations of caffeine were measured in 19 pati-
ents with chronic hepatitis and 5 patients with cirrhosis and 
in 8 healthy subjects after caffeine (4 mg kg–1 p. o.) loading. 
the correlations of total body clearance between two-point 
study (sampling times 1 h and 9 h) and seven-point study 
(sampling times 0, 0.5, 1, 3, 6, 9, 12 h) were highly signifi-
cantly, r = 0.94, p less than 0.001. These findings suggest that 
caffeine pharmacokinetic parameters can be estimated using 
two-point blood sampling procedure and GC/MS determina-
tion, following a single load. the elimination half-life (t1/2) of 
caffeine was significantly longer in cirrhotic patients than in 
the other two groups and clearance was substantially reduced 
in these patients. the higher concentrations of caffeine obser-

ved in the first hour after caffeine loading in hepatitis (Fig. 1.) 
compared with controls could be a possible test for hepatitis 
when very precise and accurate methods as isotopic dilution 
GC/MS are used. Significant changes (Student’s paired t-test 
p < 0.01) were observed in caffeine metabolism in children 
with decompensate cirrhosis. 

the clearance values of 0.55 ± 0.41 ml min–1 kg–1 

and half-life times of 19.11 ± 14.9 h are changed because 
of the reduction in “functioning hepatocyte mass”. the 
control values for clearance and half-life time were of 
1.36 ± 0.23 ml min–1 kg–1 and t1/2 = 5.23 ± 0.85 h (n = 8). 
Patients with noncirrhotic liver disease showed intermediate 
values	(Cl = 1.19 ± 0.45 ml min–1 kg–1and t1/2 = 6.62 ± 2.37 h) 
but higher values of caffeine plasma concentrations especi-
ally in the first hour after dose.

Conclusions
the method is simple, precise and rapid, useful in the 

analysis of xanthines. isotopic labeled internal standard used 
avoids metabolites overlapping. the elimination half-life 
(t1/2) of caffeine was significantly longer in cirrhotic patients 
and clearance was substantially reduced than in control. Ca-
ffeine pharmacokinetic parameters can be estimated using 
two-point blood sampling procedure by GC/MS determina-
tion, following a single load. the higher concentrations of 
caffeine observed in the first hour in hepatitis compared with 
controls could be a possible test for hepatitis.

This work has been supported by the Romanian Research 
Foundation (CEEX, project number 166/2006).
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introduction
Quantitation of eicosanoid levels in biological systems 

is important for understanding of their role in cell function 
or pathological and for diagnosis. Leukotrienes quantitation 
is limited by sensitivity of the method. Gas chromatography 
– mass spectrometry (GC-MS) provides a sensitive and spe-
cific method when proper derivatization method is used. 

bronchoscopy with bronchoalveolar lavage is the gold 
standard to assess airway inflammation but invasiveness 
makes it unethical especially in children. the exhaled leu-
kotriene b4 (LKb4) is elevated in asthmatic children com-
pare with control. LKb4 is a non-invasive marker for airway 
inflammation in asthmatic children1,2.

a preliminary work is described for GC-MS use for 
quantitative determination of LKb4 in exhaled breath con-
tent.

experimental
Gas chromatography was performed on a 5% phenyl 

methylpolysiloxane column (30 m × 0.25 mm i.d., 0.25 µm 
film thickness) operated in a suitable temperature program. 
helium carrier gas was of 1 ml min–1. ionization was per-
formed by electron impact (ei) and detection in SiM mode. 
arachidonic acid was used as internal standard.

e x h a l a e d  b r e a t h  C o n d e n s a t e 
C o l l e c t i o n

a condensing chamber (ecoscreen ii, Germany) was 
used to obtain exhaled breath condense (ebC). 1.5 ml of 
ebC was obtained after 15 minutes of breath through a 
mouthpiece connected to the condencer. Samples were stored 
at –80 °C before measurements.

Patients with asthma were recruited from Pediatric Cli-
nic iii of Cluj-napoca. the preliminary study was for 3 pati-
ents with asthma and 3 controls.

G C - M S  M e t h o d
Ltb4 and arachidonic acid, the internal standard, were 

analyzed by GC-MS after derivatization with ethylchlorofor-
miate and liquid-liquid extraction. A modified method was 
used2. Reagents were from Merck (Germany). Standards 
containing different concentration of LKb4 and the same 
concentration of arachidonic acid (iS) were prepared in 
water. dezactivation of all glass surfaces, injector liner and 
vials, was made with 10% dichlorodimethylsilan in hexane 
for 30 minutes.

500 µl ebC, 1 µg arachidonic acid (iS), 20 µl ethyl-
chloroformate and 40 µl pyridine were shaken few second 

for evaporating CO2. 0.25 ml chloroform, 0.5 ml sodium car-
bonate-bicarbonate solution were shaken 30 seconds. after 
2 minutes of phase echilibrium, 3 µl of the lower phase was 
injected into the fused silica capillary column in the split-less 
mode. injector temperature was 280 °C. Gas chromatography 
was performed on a 5% phenyl methylpolysiloxane column 
(30 m × 0.25 mm I.d., 0.25 µm film thickness) operated in 
the following temperature program: initial temperature 80 °C 
(1.5min), then increased with a rate of 28 °C min–1 at 315 °C 
and kept 5 minutes. the ion current chromatogram for the 
two compounds is presented in fig. 1. the selected ions were 
m/z 79 for arachidonic acid derivative and m/z 69, 81 for 
LKb4 derivative. the mass spectra for the two derivatized 
compounds are presented in the figs. 2. and 3. 

fig. 1.	 Sim	chromatogram	for	arachidonic	acid	ethyl	ester,	the	
internal	standard,	elution	time	9.33	min,	and	derivatized	LKB4,	
elution	time	10.85	min:the	ions	m/z	69	and	81	are	used	in	Sim	
mode	for	LKB4.	the	distilled	water	(500	µl)	was	spiked	with	1	µg	
arachidonic	acid	and	10	pg	LKB4

fig. 2.	 the	 mass	 spectrum	 of	 arachidonic	 acid	 ethyl	 ester	
(9.33	min),	m	=	332
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Helium carrier gas flow was of 1 ml min–1. ionization 
was performed by electron impact (ei) and detection in SiM 
mode.

results
the method provided good response linearity and pre-

cision ( < 30% C.V.) in the range 1–400 pg ml–1, necessary to 
analyse leukotrene b4 in exhaled air. arachidonic acid was 
used as internal standard because its structure is similar to 
leukotrienes, is undetectable in ebC without addition of arra-
chidonic acid and is stable in aqueous solution. 

the linearity of the method was studied in the range  
1–400 pg ml–1. the regression curve obtained was: 

y = 0.0027x + 0.4038, with a regression coefficient of 
r = 0.99. the detection limit was of 1 pg ml–1, at a signal-to-
noise of 5.

the method was applied for few cases of patients and 
controls. The different values of LKB4 were significant hi-
gher in asthmatic children than in healthy children.

Measurements of exhaled LKb4 are important for iden-
tifying the children with no respiratory symptoms but having 
inflammations which may require therapy.

Conclusions
the LKb4 was detectable in exhaled breath condense. 

GC-MS non-invasive method showed significant increased 
value for LKb4 in children with asthma than in healthy con-
trol.

This work has been supported by the Romanian Research 
Foundation (CEEX, project number 166/2006).
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fig. 3.	 the	 mass	 spectrum	 of	 leukotriene	 B4	 ethyl	 ester	
(10.85	min)

table i
LKb4 in ebC values in asthmatic and control children

 Patient LKb4 [pg ml–1] RSd [%]
 1 178.2 32
 2 219.5 47
 3 315 35
 Controls (n = 3) 78 36
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introduction
Knowledge of oligosaccharide sequence, inter-residual 

linkages, and branching are essential for understanding their 
biological functions and technological properties. electro-
spray ionization (eSi) mass spectrometry (MS) has become 
one of the most important tool for structural analysis of car-
bohydrates1.

for the analyses of oligosaccharides, the fragmentation 
of sodium or lithium adducts are commonly used to elucidate 
its structure, while the negative mode approach give more 
detailed2 or complementary information. however, neutral 
oligosaccharides typically produce low signals of [M–h]– 
ions. an alternative way of charging a molecule to render it 
detectable in negative-ion mode is via either derivatization or 
the addition of a ammonium salt3. in the latter case, various 
anions (a–) can be added in order to increase the response of 
saccharides to induce formation of stable and abundant anio-
nic adducts [M + a]–.

experimental
dextran 1000 (deX) and ammonium salts were 

purchased from fluka (buchs, Switzerland), whereas low 
glucose syrup (LGS) was from Amylon (Havlíčkův Brod, 
Czech Republic). Maltooligosaccharides (MOS) were obtai-
ned from Sigma (St. Louis, USa). Oligosaccharides were dis-
solved at 30 μg ml–1 in methanol/water (1 : 1, v/v) containing 
different concentration (0, 3, 30, 100, 300 μM) of ammonium 
salts (bicarbonate, bisulfate, chloride, and nitrate).

eSi-MS(/MS) experiments were performed using 
a esquire LC instrument (bruker daltonik, Germany) equip-
ped with an eSi ion source. Samples were infused into the 
mass spectrometer at a flow rate of 3 μl min–1 via a metal 
capillary held at high voltage (–3,5 kV). Other potentials 
were modified and optimized before each experiment. Nitro-
gen was used as a drying (5 dm3 min–1, 250 °C) and nebuli-
zing gas (14 psi).

results
in this study, we reported the comparison of the malto- 

and isomaltooligosaccharides mixtures (MOS, LGS, and 
deX) using negative-ion eSi MS. Oligosacharide samples 
were analyzed without additives, as well as after the addi-
tion of different amount of the ammonium salts. the effect 
of anion type and concentration in MS spectra have been 
investigated.

all oligosaccharide mixtures revealed two dominant 
ion series, [Glcx–h]– and [Glcx–h–120]–. Small amount of 
[Glcx–h+h2O]– (for LGS), [Glcx–h–60]– (deX), as well 
[Glcx–h–60–h2O]– (LGS, MOS) ions were also observed. 
In general, higher oligomers (x ≥ 5) formed deprotonated 
molecules in preference to fragments; lower oligomers were 
rather detected as [Glcx–h–120]– ions. MS spectra of LGS 
dominated by [Glcx–h]– (up to x = 5) or [Glcx–h + h2O]– 
ions.

the MS spectra of samples containing ammonium chlo-
ride showed [Glcx+Cl]– ion series. at low nozzle-skimmer 
voltages under the conditions of high salt concentration 
(100 or 300 μM), preferential production of [Glcx + Cl]– was 
observed. the application of ammonium nitrate gave nitrate 
adducts of oligosaccharides. at the highest concentration of 
nitrate, the [Glcx + nO3]

– ions dominated. the ratio of depro-
tonated molecule to adducts (chloride of nitrate) and then that 
of [Glcx–h–120]– (respectively [Glcx–h + h2O]– for LGS) to 
adducts decreased with increasing concentration of appropri-
ate anion (fig. 1). in both cases, the addition of anion dopant 
resulted in significantly simplified spectra and enhanced sen-
sitivity and resolution.

the behavior of bisulfate differed from the above men-
tioned anions. the abundance of [Glcx + hSO4]

– reached 
the maximum levels at the concentration of 30 and 100 μM 
of bisulfate, then hSO4

– and h3S2O8
– ions substantially 

increased. nh4hCO3 did not form observable adducts.
The influence of the particular studied anions on distri-

bution of oligosaccharide derived ions is shown in fig. 2 and 
table i. 

tandem MS (MS2) spectra generated from chloride and 
nitrate adduct ions of the same sample showed fragmentation 
pattern very similar to that for [Glcx–h]–, whereas a higher 
abundance of fragment ions was detected. On the other hand, 
attempts to fragment bisulfate adducts failed in all cases. 
besides dominant fragments [Glcy–h]– and [Glcy–h–120]– 
(y ≤ x), the differences in MS2 spectra have been observed for 

fig. 1.	 mS	spectra	of	deX	at	the	different	concentration	
of	no3

–
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particular oligosaccharide samples. the linkage included in 
dEX were reflected in specific cross-ring fragments [Glcy–
h–90]–, while the presence of [Glcy–h–60–h2O]– appeared 
to be characteristic for MOS and LGS (fig. 3). 

these observations are in agreement with the fact that 
deX and MOS/LGS represent isomeric glucans differing in 
the prevalent α-(1 → 4), respectively α-(1 → 6) glycosidic 
linkage.

Conclusions
in the eSi negative-ion mass spectra, oligosaccharides 

were stabilized by adduct formation [M + a]– with several 
anions (a = nO3, Cl). the analogous molecular mass dis-
tributions of presented glucose oligomers were obtained, 
whereas the adducts appeared in mass spectra in higher abun-
dances relative to [M–h]–. in addition, the in-source frag-
mentation was suppressed. 

MS2 experiments enable to distinguish α-(1 → 4) and α-
(1 → 6) linkages on the base of specific diagnostic product 
ions. a fragmentation of [Glcx + Cl]– and [Glcx + nO3]

– ion 
adducts was found to be suitable for structural determination 
of (iso)maltooligosaccharides because more prominent cross-
ring fragmentation was observed.

This work was  supported by  the Project No.  2B06037 
from the Ministry of Education, Youth and Sports of the Czech 
Republic and Institutional Research Plan AV0Z40310501.
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fig. 2.	 mS	spectra	of	LGS	with	and	without	the	addition	
of salts (300 μM)

fig. 3.	 mS2	 spectra	of	nitrate	adducts	 [Glc5	+	no3]–	of	deX,	
LGS,	and	moS

table i
abundant ions observed in the MS spectra of deX, LGS and 
MOS with and without salts

ion series Range of the observed ion Salt  series – dP (x) 
  deX LGS MOS 
[Glcx–h]– 1–7 1–6 1–7 –
[Glcx–h + h2O]– – 4–6 – –
[Glcx–h–60]– 3–6 – – –
[Glcx–h–60–h2O]– – 2–6 3–7 –
[Glcx–h–120]– 2–7 2–5 2–8 –
[Glcx + Cl]– 2–7 2–6 2–8 Cl–
[Glcx + nO3]

– 2–7 2–6 2–8 nO3
–

[Glcx + hSO4]
– 3–7 2–6 3–7 hSO4

–
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introduction
the combination of protein separation by polyacryla-

mide gel electrophoresis with mass spectrometric analysis 
of proteins digested enzymatically in-gel is a very powerful 
tool for protein identification in complex biological systems. 
Recently several approaches have been developed for fast pro-
tein digestion. One approach is the use of modified trypsin for 
in-gel digestion of proteins instead of native trypsin1. Other 
promising approaches include microwave technology2–4  
or ultrasonic assisted protein enzymatic digestion5. the tra-
ditional sample preparation for protein identification through 
peptide formation is time-consuming procedure therefore we 
have studied and compared the variable performances of the 
fast enzymatic digestion of proteins using the different tech-
niques. Most important, the new approach of protein diges-
tion takes minutes, in contrast to several hours required by 
conventional methods. 

the aim of this study was to demonstrate the usefulness 
of fast methods to apply microwave and ultrasonic device to 
in-gel digestion.

experimental
P r o t e i n  S e p a r a t i o n

0.5 mg of bovine serum albumin (bSa) (Roche dia-
gnostics Gmbh, Mannheim, Germany) was resuspended in 
1 ml of sampling buffer (Laemmli Sample buffer (bio-Rad) 
with β-mercaptoethanol, 19 : 1). SdS-PAGE separation was 
performed on 12 % 1-d SdS PaGe gel. the visualization 
was carried out by Coomassie brilliant blue (Cbb) G-250. 

i n - g e l  d i g e s t i o n
the bSa bands separated by 1-d Ge were excised 

manually, cut into pieces and in-gel digestion procedure was 
performed to the three bSa samples6 following the protocols 
outlined in table i. 

P r o t e i n  i d e n t i f i c a t i o n
Obtained peptides were analyzed by MaLdi-tOf/tOf 

MS (applied biosystems 4700 Proteomics analyzer). this 
tOf/tOf instrument is equipped with nd/YaG laser, 355 nm. 
α-Cyano-4-hydroxycinnamic acid (CHCA; 8 mg ml–1,  
0.1 % trifluoroacetic acid/acetonitrile (1 : 1, v/v)) was used as 
a MaLdi matrix.

results
bSa was used as model protein to study the in-gel 

digestion. three bSa samples excised from 1-d SdS PaGe 
gel (fig. 1) were subjected to in-gel digestion with trypsin 
using conventional method, microwave irradiation and soni-
cation in order to compare speed and convenience of new 
approaches.

the gel particles with trypsin were incubated for 16 h 
at 37 °C, put into a microwave for 4 min at 350 W or put 
into an ultrasonic bath for 10 min at power 35 W. after in-gel 
digestion the peptide fragments were purified by ZipTipC18 
and directly spotted on the sample plate of the MaLdi-tOf/
tOf MS. finally, ChCa was applied to each spot prior to 
acquiring mass spectra. 

the mass spectra of tryptic peptides of bSa are shown in 
fig. 2.a for conventional method, fig. 2.b for the microwave 
method and fig. 2.C for the ultrasonic method. the peptide 
peak patterns were almost the same for microwave and ultra-
sonic method, indicating that the digested peptide fragments 

table i
in-gel preparation, digestion, and peptide extraction using 
conventional, microwave (MW) and ultrasonic methods

 Protocol Solution Convent. MW Ultrasonic
   [min] [min] [min]
 Reduce 10 mM dithiotreitol. 45 45 45
 alkylate 55 mM iodoacetamide. 30 30 30
 Wash 50% aCn in 0.1 M 30 30 30
  amonium bicarbonate.
  12.5 ng µl–1 of trypsin
 Rehydrate in 50mM ammonium 45 45 45
  bicarbonate, 5mM
  calcium chloride.
  12.5 ng µl–1 of trypsin 
 digest in 50mM ammonium 16 h 4  10
  bicarbonate, 5mM
  calcium chloride.
 extract 0.1% tfa, 50% aCn. 30 30 30
 total time  19 h 3 h, 3 h
    4 min, 10 min.

fig. 1.	 1-d	SdS	PaGe	separation	of	BSa	(lane	1–9).	molecular	
weight	markers	are	in	lane	10.	Protein	bands	marked	by	arrow	
were	 further	 in-gel	 digested	 by	 the	 standard,	 microwave	 or	
ultrasonic method and identified by mass spectrometry
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from two methods were similar. More relevant changes were 
observed between traditional method and new fast appro-
aches. Protein identification was performed by searching the 
peptide masses against the nCbinr sequence database using 
the MaSCOt search program. the methods using micro-
wave and ultrasonic technologies gave slightly more matched 
tryptic fragments than the conventional method. the highest 
number of matched peptide and the highest score gave the 
method using ultrasonic device. Considering the required 
reaction time for the conventional method is much longer, the 
new methodic approaches apparently led to higher efficiency 
for in-gel digestion.

Conclusions
this work reports fast digestion procedures and protein 

identification based on the use of microwave and ultrasonic 
technology. these alternative metodologies can be an impor-
tant advancement in proteomic research.
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fig. 2.	 the	 maLdi-tof	 mass	 spectra	 of	 BSa.	 the	 spectra	
were	 obtained	 after	 in-gel	 digestion:	 a	 –	 using	 conventional	
method;	B	–	microwave	method;	C	–	ultrasonic	method.	ChCa	
was	used	as	a	matrix
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introduction
the organotin compounds (OtCs), mainly triorganotin 

compounds are very effective against fungi and were widely 
used for all kinds of wood preservation1. they are nowadays 
already less used to their leaking into the sweet water (bro-
oks, lakes, rivers ), but more used for sea water. OtCs are 
very well soluble in organic solvents and on the other hand 
have very low solubility in water. Many of them are irritant 
and harmful for human skin and some are also phytotoxic 
agents. for their relatively high toxicity and eco-toxicity their 
application is limited and are often replaced by other organic 
compounds now2,3. for this purpose the new groups of the 
OtCs on the base of substituted dithiocarbamic acid were 
synthetised and tested4,5,6. till this time no cancerogenity 
among known OtCs was observed and reported.

experimental
the various trialkyl-, triaryl- and triaralkyl-tin-(iV)-

n,n-diethyldithiocarbamates were synthetized from corre-
sponding trialkyl-, triaryl- and triaralkyl-tin-(iV)-chlorides 
(Merck s.r.o. brno, CZ) and sodium n,n-diethyldithiocar-
bamate under trade name Kupral (Lachema a.s. brno, CZ) 

in ethanol or isopropanol, sometimes with methylethylketone 
in mixture. after removing solvent, the products as oil resi-
due were filtrated with diatomace powder as additive throw 
the sinter-glass filter No. 3, under pressure of motor vacuum 
pump4,5.

all these compounds were tested as wood preservatives 
against rot – caused by wood destroying fungi Coniophora 
puteana, Coriolus versicolor, Serpula lacrymans and	against
moulds.

results	and	discussion
the best antifungal results were obtained with the trial-

kyltin-(iV)-compounds in the order of R in the R3Sn-group: 
methyl- and butyl-, comparable with commercial abroad 
widely used tributyltin-(iV)-naphtenate (tbtn) used as 
standard4,-9. The lower efficacy was when R = cyclohexyl- 
or phenyl-, otherwise if R = benzyl- , the efficacy was very 
poor6.

besides these organotin-n,n-diethyldithiocarbamates 
we have tested also other organotin fungicides. a very good 
result was obtained with the compound tributyltin amidosul-
fonate (tbtaS), which was even comparable to the most 
effective, formely commercialy produced and used bis-tri-
butyltin oxide (tbtO) as hexabutyldistannoxane	 and very 
effective against the g+ bacteria Streptococcus aureus. how-
ever, this volatile compound is already out of use from tech-
nical praxis for its high toxicity and is also included in the 
severe poisons10,11.

The diagrams of the biocidal efficacy for fungicides and 
photos of testing method (poisoned soil method) are pre-
sented on the poster at 4th Meeting on Chemistry & Life. 

the 13C and 119Sn nMR spectra of these compounds 
were also measured on the jeOL spectrometer jnM-fX 
100 (japan) at 25.047 and 37.14 Mhz at 300 K. the che-

table i
13C and 119Sn nMR shifts for organotin compounds type R3SnSC(S)n(C2h5)2 at 300 K

 Compound R Solvent δ(119Sn) δ(13C)/(nj(119Sn, 13C), hz) Ref.    C–1 C–2 C–3 C–4 C–5 CS Ch2 Ch3 
 C6h5- CdCl3 –189.8 142.54 136.50 128.31 128.85 – – 50.44 12.05 12
 phenyl-   (604.2) (47.6) (62.3) (13.4)
 n-C4h9- neat 12.0 17.48 28.71 26.90 13.58 – 196.73 49.25 11.86 13
 n-butyl-   (352.8) (22.0) (66.0) (< 5)
 n-C4h9- CdCl3 23.4 17.50 28.74 26.98 13.58 – 197.11 49.39 11.75 13
 n-butyl-   (350.2) (20.6) (67.4) (< 5)
 n-C4h9- pdpy 14.4 18.21 29.38 27.51 14.00 – 197.46 49.86 12.30 13
 n-butyl-   (356.1) (22.0) (67.4) (< 5)
 n-C4h9- hmpa –19.0 18.62 28.34 26.64 13.13 – 198.58 48.17 11.55 13
 n-butyl-   (413.2) (24.9) (76.2) (< 5)
 Ch2 = Ch- CdCl3 –202.1 140.01 134.86 – – – 195.35 49.91 11.83 15
 vinyl-   (587.6) (–)
 C6h5Ch2- CdCl3 –92.6 26.45 140.53 127.60 128.13 123.63 195.58 49.80 11.83 14
 benzyl-   (303.3) (41.5) (30.8) (17.6) (22.0)
 c-C6h11- CdCl3 –28.3 35.94 33.30 30.60 28.33 – 198.81 50.85 13.47 14
 cyklohexyl-   (337.0) (17.6) (67.4) (< 5)
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mical shifts were determined relative to a suitable signal 
of solvent12–15 as CdCl3 (77.00 ppm), pentadeuteriopyri-
dine (pdpy) (149.90 ppm), hexadeuteriodimethyl sulpho-
xide (hdso) (39.60 ppm) and hexamethylphosphor triamide 
(hmpa) (36.00 ppm) respectively by known method.12–16 
achieved results are presented in the table i.

Conclusion
Organotin compounds having three direct tin-carbon 

bonds have high biocidal activity10,17, so they are useful as 
disinfectants and antimicrobial agents for paper, textiles, 
wood and even for masonry and stonework.18–20 their highest 
consumption nowadays is as antifouling paints for the wood 
seawater vessels against the marine organisms immersion.
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introduction
the development of suitable methods based on the car-

bon dioxide for the synthesis of various organic products 
is very attractive now. Carbon dioxide is in the last twenty 
years very significant waste, which is responsible for the 
greenhouse effect formation1. the preparation of dimethyl 
carbonate (dMC) is one of many reactions for the utilization 
of carbon dioxide together with methanol as significant pro-
duct for various uses2, nowadays also as additive for engine 
fuels3.

the one-pot synthesis of dMC from carbon dioxide and 
methanol has become attractive due to the low cost of the 
starting materials, but the dMC yield by this way is relatively 
low, due to the fact that carbon dioxide is highly thermodyna-
mically stable and kinetically inert compound and due to the 
deactivation of catalysts induced by water formation in the 
reaction process4,5. 

the main catalyst system is based on the organotin (iV) 
compounds, especially on the dialkyltin dialkoxides6,7. it has 
been also reported, that dMC can be synthetized in the pre-
sence of tin (iV) and titanium (iV) alkoxides8, similar orga-
notin compounds.9–11 and also metal (hg, Mg, Zn) acetates 
or some other (Co, Mn, ni) acetates12. the values of tem-
peratures, pressures and times range between 130–180 °C, 
0.5–3.0 MPa, 2–12 hours respectively12.

The first way is the use of the special catalyst systems, 
which are effective in spite of the reaction water is presented. 
The modified ZrO2 catalysts promoted with phosphoric acid 
were used13–15. this catalyst was prepared by calcining of 
commercially available ZrO2. it was found, that the dMC for-
mation rate was strongly depent on the structure of zirconia 
catalyst and it was very depent on the calcination temperature. 
it was also observed and reported, that during the reaction the 
dimethyl ether (dMe) was formed on various types of oxide 
catalysts (al2O3, SiO2, CeO2, GeO2, tiO2, ZrO2 a.s.o.). the 
other catalytic systems are based on h3PW12O40/Cexti1–xO2 
compound17, h3PW12O40/ZrO2 system18, Cu-ni/VSO sys-
tem5,19, h3PO4/V2O5 system4

 and mixtures of methyl iodide, 
tetrabutylammonium bromide and often potassium carbo-
nate20. the formation of dMe decreased by the high (super-
critical) pressure of carbon dioxide10,20,21.

the main issue is the formation of water, which can ter-
minate this reaction in the equilibrium and also destroy the 
catalysts. the removal or utilization of reaction water is the 
important problem for this dMC preparation. desiccants used 
as „water traps“ were quite effective, but also very expensive.  

as desiccants were applied CaCl2 compound22, na2SO4, 
MgSO4 salts6, 2,2-dimethoxypropane (dMP) compound23, 
acetals24, dicyclohexylcarbodiimide (dCC) compound7,8, tri-
methyl phosphate (tMP) compound8, molecular sieves25 and 
some epoxides as ethylene oxide (eO) named oxirane 26,27 
and styrene oxide (SO) compound28. 

the second way as the novel reaction route for dMC pre-
paration is the removal of reaction water by means of olefins. 
These olefins in the reaction mixture under catalysts basen on 
the metal oxides and zeolites in the h+-form can react with 
reaction water into corresponding alcohols. the relatively 
high temperatures of about 180–200 °C were necessary for 
ethylene, when part of dMC formed was also decomposed. 
better was propylene at 150–180 °C, when isopropanol was 
formed and the best was isobutylene at about 130–150 °C, 
when terc-butanol was formed. the formation of methylterc-
butylether (Mtbe) was also observed (highoctane additive 
for engine petrol). for industry, the petroleum C4-isobutylene 
gas fraction from the production of the Mtbe is for lower 
price here more suitable.

the reaction mechanism is explain often by means of 
nMR method mainly in the following references.10–11,29,30

experimental
all reactions were carried in a stainless autoclave reactor 

with inner volume about 100 ml with vertical magnetic stir-
ring2 or horizontal shaking with electrical heating. Catalysts 
were prepared from commercial items (Reachim, Moscow, 
SU) according to references5,6,7. all zeolites were from the 
refinery Slovnaft a.s. (Bratislava, SK). Carbon dioxide and 
olefins were pure, min. 98% grade (Messer). 

the products were analysed by GC-method with buta-
nol, octane or toluene as internal standards, according to pre-
vious references.6–8

results	and	discussion
The best results by the first way with the zirconia cata-

lysts were conversion 20 % and selectivity 80 % and so the 
yields up to 16 %. By the second way with olefins the con-
version was about 70 %, selectivity about 8 % for ethylene, 
11 % for propylene and 15 % for isobutylene, so the yields 
were about 5–11 %. the main problem was here the stirring 
of the catalysts. the contact between reaction liquids and ca-
talysts must be effective. the addition of large amounts of 
desiccants e.g. dMP, tMP is not effective because of decrea-
sing the dMC and increasing the dMe formation rate. 

Conclusion
the one-pot synthesis of dMC from methanol and car-

bon dioxide is very interesting process for the utilization of 
carbon dioxide. the very interesting way is here the utiliza-
tion of water stable catalysts such as various metal (Ce, Ge, 
Mg, Sn, V, Zn, Zr) oxides. for the removal of reaction water 
the best way now is the utilization of ethylene oxide, when 
together with dMC also ethylene glycol and 2-methoxyetha-
nol are produced. The our way for olefins must be yet more 
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investigated. the intention here is the utilization of carbon 
dioxide from large bioethanol factory in the Slovak Republic, 
where emissions of carbon dioxide (purity about 97 % grade) 
of 40,000 tons per year from the maize starch fermentation as 
degas waste are released into the atmosphere.
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introduction
amadori rearrangement is a reaction between sugars 

and amines. the rearrangement is based on the conver-
sion of n-substituted glycosylamines to the n-substituted  
1-amino-1-deoxy-2-ketoses. amadori observed this reaction 
in years 1926-31. the true structure of the rearranged pro-
duct exposed Weygand and Kuhn in 19371. Recently, it has 
been found that amadori rearrangement takes place in living 
cells and organisms, where sugars and amino acids coexist. 
There Amadori rearrangement causes the functional modifi-
cation of proteins, which are characteristic for diseases dia-
betes mellitus and arteriosclerosis2. amadori rearrangement 
is also known as initial phase of Maillard reaction3 and plays 
an important role in the synthesis of osazone, quinoxaline, 
folic acid and riboflavine4.

We have investigated conditions for amadori rearran-
gement of d-glucose and 5-deoxy-d-xylose with p-toluidine, 
benzylamine and dibenzylamine. 1-amino-3,4,5,6-tetrahyd-
roxyhexane-2-on and 1-amino-3,4-dihydroxypentane-2-on 
were prepared by hydrogenolysis of benzyl group on Pd\C. 
these compounds are to be used for the insertion of stereo-
genic carbon atoms with hydroxyl groups of sugar to various 
organic molecules.

experimental
amadori rearrangement is the reaction between sugars 

and amines in the presence of acid catalyst. The influence of 
amines and acid on the course of the reaction was investigated. 
as acid catalysts acetic acid and diethylmalonate were used.

R e a c t i o n s  i n  t h e  P r e s e n c e  o f 
a c e t i c  a c i d 

the reactions were carried out in water in the presence 
of 1.4 equiv. of amine and 0.04 equiv. of acetic acid. the reac-
tion mixture was heated at 90 °C for 30 min. then a mixture 
of ethanol and diethylether was added and white crystals of 
the product were obtained after cooling to 3–4 °C for 24 h. 

R e a c t i o n s  i n  t h e  P r e s e n c e  o f 
d i e t h y l m a l o n a t e

the reactions were carried out in the mixture of etha-
nol and diethylmalonate. 1.4 equiv of amine was used. after 
2 h of reflux diethylether was added to the reaction mixture. 
White crystals of the product were obtained when the solu-
tion was kept at 3–4 °C for 20 h.

hydrogenolysis	of	Benzyl	Group	on	Pd/C
Product of amadori rearrangement with dibenzylamine 

was hydrogenolysed on 10 % Pd/C in the presence of met-
hanol. Reaction was carried out at room temperature and 
atmospheric pressure for 16 h. a yellow liquid product was 
obtained after the filtration and evaporation of solvent from 
the reaction mixture.

results
the products of amadori rearrangement were success-

fully obtained by the reaction of d-glucose with p-toluidine 1 
(Scheme 1) and dibenzylamine 2	(Scheme 2).

On the other hand, the reaction of d-glucose with ben-
zylamine does not follow the principles of amadori rearran-

 1
Scheme 1

Reaction of d-glucose with p-toluidine

 2
Scheme 2

Reaction of d-glucose with dibenzylamine

table i
Reaction of d-glucose

 d-glucose
 amine Catalyst Product Yield [%]
 benzylamine Ch3COOh glycosylamine 75
  deM glycosylamine 90
 p-toluidine Ch3COOh amadori product 61
  deM amadori product 71
 dibenzylamine Ch3COOh glycosylamine 65
  deM amadori product 72

 3
Scheme 3

Reaction of 5-deoxy-d-xylose with dibenzylamine
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gement independently on the selection of acid catalyst. the 
observed results and yields are summarized in table i.

the required product of amadori rearrangement of 5-
deoxy-d-xylose	 was obtained only in case of the reaction 
with dibenzylamine, which was carried out in the presence of 
diethylmalonate 3	(Scheme 3).

Reactions performed under various conditions yield cor-
responding glycosylamines only 4 (Scheme 4).

the observed results are summarized in table ii.

the rearrangement of the studied sugars with p-tolui-
dine yielded products containing six member ring in its 
structure 1	(Scheme 1). however, when dibenzylamine was 
used the open form 2	of the product was obtained (Scheme 2).  

the cyclization of these products does not take place because 
of sterical hindrance of the large benzyl groups of amine. 
Both cyclic and open forms of the products were confirmed 
by 1h and 13C nMR spectroscopy.

the product with free amino group 5 was obtained 
after the hydrogenolysis of compound 2 on Pd/C catalyst	
(Scheme 5). Compound 5 with unprotected amino group can 
be then used in further reactions introducing stereogenic cen-
tre into an appropriate organic substrate.

Conclusions
the scope of amadori rearrangement of d-glucose 

and 5-deoxy-d-xylose was searched. it was found that the 
structure of both sugar and amine plays an important role for 
course of the reaction. the rearrangement takes place more 
readily and with better yield in the presence of diethylmalo-
nate when compared to acetic acid.
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Reaction of 5-deoxy-d-xylose

 5-deoxy-d-xylose
 amine Catalyst Product Yield [%]
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 4
Scheme 4

Glycosylamine of 5-deoxy-d-xylose

 2	 5
Scheme 5

hydrogenolysis of the compound 2
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introduction
trimethylsilylation of alcohols is a very common prac-

tice in organic synthesis to protect hydroxyl groups1. Such 
maneuver maintains the hydroxyl functionality and pre-
vents its oxidation during reactions. however, sometimes, 
it is required to convert silyl ethers into their corresponding 
carbonyl structures. this conversion could be either carried 
out in a two step desilylation-oxidation process or directly 
achieved in a one pot reaction. earlier protocols for such 
direct oxidations include the use of chromium based proce-
dures2, dMSO based reagents3, nbS4, photochemical con-
versions5, manganese based procedures6, and some other 
different methods7. Such processes usually involve the use 
of harsher reaction conditions, harder work up procedures, 
and formation of harmful residuals. in recent years, milder 
reagents and reaction conditions are introduced for direct oxi-
dation of tMS protected alcohols into their corresponding 
carbonyl analogues8. But, introduction of new and efficient 
methods for oxidative deprotection of trimethylsilyl ethers 
using inexpensive reagents and under environmentally safe 
conditions is still considerably attractive.

Calcium hypochlorite is a cheap and mild solid oxi-
dant which can easily be stored9, is relatively stable, and has 
recently been used efficiently for oxidation of various organic 
functionalities10. in continuation of our previous investiga-
tions to develop environmentally friendly procedures11, we 
now report a one-pot oxidative deprotection of tMS ethers 
of benzylic alcohols on a solid support under microwave 
irradiation (MW) using Ca(ClO)2 (Scheme 1). as a result, 
mild transformation of the substrates to their corresponding 
carbonyl compounds is observed without any undesired over 
oxidation.

experimental
G e n e r a l

a commercial microwave oven (900 W) was used for 
irradiation of the reaction mixtures. GC analyses were recor-

ded on a “fison instrument Gas Chromatograph 8000” equip-
ped with a mass detector “trio 1000”. tMS silyl ethers were 
prepared according to available procedures12. all products 
are known compounds and are identified by comparison of 
their physical and spectroscopic data with those of authentic 
samples13.

t y p i c a l  P r o c e d u r e  f o r  O x i d a t i v e 
d e p r o t e c t i o n  R e a c t i o n s

Montmorillonite K–10 (1.0 g) and calcium hypochlorite 
(286 mg, 2 mmol) were mixed thoroughly in a mortar. the 
resulting solid was mixed well with a tMS protected ben-
zylic alcohol (2a-i) (2 mmol). the mixture was transferred 
to a 25 ml beaker and irradiated in microwave oven for the 
time periods specified in Table I. The progress of the reac-
tions was monitored by tLC or GC. the reaction mixtures 
were extracted twice by 10 ml portions of diethyl ether. the 
combined ethereal phases were washed by water and dried 
over anhydrous calcium chloride. the products were obtai-
ned after evaporation of the volatile portion. 1h nMR and 
iR spectra of the products were obtained and compared with 
those of authentic samples.

S p e c t r a l  d a t a
2a. 1h nMR (CdCl3, δ, 80 MHz): 7.42–7.50 (m, 3H), 

7.69–7.80 (m, 2h), 9.66 (s, 1h); iR (Kbr disk, cm–1) 1,703, 
2,737, 2,819.

2b: 1h nMR (CdCl3, δ, 80 MHz): 6.52 (dd, J = 7.5, 
15.8 hz, 1h), 7.20–7.52 (m, 6h), 9.54 (d, J = 7.5 hz, 1h); 
iR (Kbr disk, cm–1) 1,681, 2,743, 2,815.

2d: 1h nMR (CdCl3, δ, 80 MHz) 7.42 (d, J = 8 hz, 
2h), 7.75 (d, J = 8 hz, 2h), 9.91 (s, 1h); iR (Kbr disk, cm–1) 
1,701, 2,785, 2,859.

2e: 1h nMR (CdCl3, δ, 80 MHz): 2.36 (s, 3H), 7.20–
7.31 (m, 3h), 7.69–7.80 (m, 2h); iR (Kbr disk, cm–1) 1,682, 
3,063.

2i: 1h nMR (CdCl3, δ, 80 MHz): 7.31–7.61 (m, 6H), 
7.65–7.98 (m, 4h); iR (Kbr disk, cm–1) 1,658, 3,063.

results
an equimolar mixture of tMS benzylether and Ca(ClO)2 

on montmorillonite K-10 support was subjected to MW ir-
radiation and complete conversion to benzaldehyde (2a) was 
performed within 60 seconds. extraction of the product by 
diethyl ether followed by GC analysis showed 97% formation 
of 2a. Control experiments conducted in the absence of MW 
irradiation at elevated or room temperature prolonged the 
reaction time considerably (table i, entry 1). tMS ethers of 
other benzylic alcohols were subjected to the same transfor-
mation under three different sets of conditions (entries 2–9). 
in all cases MW irradiated samples resulted in formation of 
high to excellent yields of products 2b-i in less than 2 minu-
tes while lack of irradiation for the same mixtures took much 
longer time periods for reactions to complete.

the selectivity of the method was examined using an 
equimolar mixture of benzylsilyl ether and cyclohexylsilyl 

O

RR

OTMS
X X

1a-i 2a-i

Ca(ClO)2, MW

montmorillonite

 1a–i	 2a–i
Scheme 1
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ether. Under MW irradiation, formation of benzaldehyde as 
the sole carbonyl product was observed in 98% yield while 

cyclohexylsilyl ether was only deprotected giving 96 % of 
cyclohexanol (Scheme 2).

Conclusions
We presented an efficient, facile, and environmentally 

safe method for conversion of benzylic silyl ethers to their 
corresponding carbonyl compounds under solvent-free con-
ditions. Rapid formation of the desired products, no over 
oxidation reaction, and selective oxidation of benzylic silyl 
ethers are the advantages of the present method.

table i
Montmorillonite K–10 supported oxidative deprotection of tMS ethers under thermal and MW conditions

 entry Substrate Product time Yield [%]a Mp or bp [°C torr–1]
  Mw [s] 40 °C [h]b Rt [h] Mw [s]  40 °C [h]b Rt [h] found Reported13

 1 60 12 48 97 90 90 177–179 178–179

 2 90 12 48 93 88 90 247 248

 
3 60 12 48 90 87 85 130/18 131/18

 4 60 12 48 92 86 85 46–50 45–50

 5 90 12 48 93 83 85 19–20 19–20

 
6 60 12 48 94 89 90 131/25 130/25

 7 60 18 60 88 80 83 46–50 47–51

 8 90 20 72 87 85 80 103–105 103–106

 9 90 20 72 85 81 80 93–95 94–95

aGc zields, brefluxing dichloromethane

OTMS

OTMS

O

OH

+ +

Ca(ClO)2, MW

montmorillonite

Scheme 2
Competitive oxidative deprotection of tMS ethers
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introduction
the overwhelming demand to design green and safe 

chemical procedures in the past three decades has dictated 
the use of safer and less toxic media with fewer hazards and 
more environmental compatibility1. in this context, ionic 
liquids have emerged as very powerful substitutes for regular 
molecular solvents from both economical and environmen-
tal points of view2. Less volatility, no chance of explosion, 
thermal stability, and ease of handling are among the reasons 
to consider ionic liquids as possible environmental benign 
alternates for conventional solvents. easy separation of the 
products from ionic liquids is an additional advantage in 
many instances. among various ionic liquids, those based on 
imidazolium moieties have shown great potential as eco-fri-
endly catalytic systems for room temperature organic trans-
formations3.

benzofuran derivatives constitute highly valuable hete-
rocyclic motifs found in the structure of many natural4 and 
synthetic products5. derivatives of these compounds are 
known to possess important pharmaceutical6, antifungal7, 
antitumor8, and other bioorganic properties9. in addition, 
benzofurans are used in cosmetic formulations10 and have the 
application as synthetic precursors for optical brighteners11. 
Many multi-step synthetic approaches for the construction 
of the benzofuran ring exist in which the key-step includes 
dehydrative annulation of phenols bearing appropriate ortho 
vinyllic substituents12, intramolecular cyclization of substi-
tuted allyl-aryl ethers13, cyclization of o-formylphenoxyacetic 
acids or esters14, or ring-closure of arylacetylenes15. Perhaps, 
the most straightforward method for one-pot preparation of 
benzofuran derivatives is the Rap-Stoermer condensation of 
salicylaldehyde with α-haloketones16 providing the opportu-
nity for the synthesis of a diverse array of benzofuran deri-
vatives in a single step process. the reaction is traditionally 
carried out under basic conditions in refluxing alcoholic sol-
vents giving low yields of products in many occasions6–7. 
in line with the context of green and sustainable chemistry, 
several reports are recently released to expand the synthetic 
applicability of Rap-Stoermer reaction by using microwave 
irradiation17, solvent-free systems18, polymer-supported rea-
gents19, and solid state synthesis20. however, these reactions 
are still conducted at high temperature18–19, require the use 
of commercially unavailable starting materials20, conducted 
in refluxing solvents19 or need an external stimulant to pro-
ceed17,20. in continuation of our previous experiences on 
environmentally sustainable reactions21, we would like to 

herein report a novel procedure for efficient Rap-Stoermer 
condensation of α-haloketones with various salicylaldehyde 
derivatives performed at room temperature in the presence 
of 1-hexyl-3-methyl–1H-imidazolium hexafluorophosphate 
([hmim]Pf6) (Scheme 1).

O

OR

Y
X

O

OH

R

O

Z
+

[hmim]PF6
K2CO3

r.t.; 6-24 h

1a: R = H, X = H
1b: R = H, X = 3-OMe
1c: R = H, X = 4-NO2
1d: R = H, X = 4-Br
1e: R = Me, X = H

X Y
2a: Y = H, Z = Cl
2b: Y = 4-Br, Z = Br
2c: Y = 4-OMe, Z = Br

3aa-3dc

Scheme 1
experimental
G e n e r a l

Reactions were monitored by tLC and GC. nMR 
spectra were obtained on a ft-nMR bruker Ultra Shield™ 
(500 Mhz) or bruker aC 80 Mhz as CdCl3 solutions and 
the chemical shifts were expressed as δ units with Me4Si as 
the internal standard. GC experiments were carried out using 
a fisons 8000 apparatus. all chemicals and reagents were 
purchased from commercial sources.

t y p i c a l  P r o c e d u r e  f o r  [ h m i m ] P f 6 
M e d i a t e d  R a p - S t o e r m e r 
C o n d e n s a t i o n s

an equimolar mixture of 1 (5 mmol), 2 (5.5 mmol), and 
K2CO3 (10 mmol) was added to 7 ml [hmim]Pf6 and the 
mixture was stirred at room temperature until tLC and GC 
experiments showed complete disappearance of the starting 
materials. the mixture was extracted with et2O (3 × 20 ml), 
the extracts were combined, and the volatile portion was 
removed under reduced pressure. The product was purified 
with short column chromatography over silicagel using 
hexane/etOac (7 : 1). the spectroscopic and physical proper-
ties of the products were obtained and compared with those 
available in the literature.

S e l e c t e d  S p e c t r a l  d a t a
( 4 - b r o m o p h e n y l ) ( 7 - m e t h o x y b e n z o f u r a n - 2 -

yl)methanone (3bb). Yellow crystals were obtained in 90% 
yield, mp 93–95 °C; iR (Kbr, cm–1) 1,639, 1,554, 1,280, 871; 
1h nMR (CdCl3) δ 4.08 (s, 3H), 7.02 (d, 1H, J = 7.8 hz), 
7.30 (dd, 1h, J = 7.8, 7.8 hz), 7.35 (d, 1h, J = 7.8 hz), 7.61 
(s, 1h), 7.74 (d, 2h, J = 8.41 hz), 8.03 (d, 2h, J = 8.41 hz); 
13C nMR (CdCl3) δ 56.5, 110.1, 115.4, 116.7, 125.2, 128.5, 
128.9, 131.6, 132.3, 136.1, 146.2, 146.5, 152.9, 183.1; MS 
(70 eV) m/z (%): 332, 330 (M+), 76 ,175 ,251. Calcd. For 
C16h11brO3: C, 58.03; h, 3.35. found: C, 58.01; h, 3.47.

(7-Methoxybenzofuran-2-yl)(4-methoxyphenyl) metha-
none (3bc). White crystals were obtained in 80% yield, mp 
66–68 °C; iR (Kbr, cm–1) 1,664, 1,593, 1,315, 1,230, 1,160; 
1h nMR (CdCl3) δ 3.93 (s, 3H), 4.07 (s, 3H), 6.98 (d, 1H, 
J = 7.7 hz), 7.05 (d, 2h, J = 8.8 hz), 7.26 (dd, 1h, J = 7.8, 
7.9 hz), 7.32 (d, 1h, J = 7.8), 7.56 (s, 1h), 8.19 (d, 2h, 
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J = 8.8 hz); 13C nMR (CdCl3) δ 55.9, 56.5, 109.8, 114.3, 
115.3, 115.8, 125.0, 129.1, 130.2, 132.5, 145.9, 146.5, 153.6, 
164.0, 182.8; MS (70 eV) m/z (%): 282 (M+), 135 ,252. 
Calcd. for C17h14O4: C, 72.33; h, 5.00. found: C, 72.15; 
h, 5.12.

(4-bromophenyl)(3-methylbenzofuran-2-yl)methanone 
(3eb). White crystals were obtained in 78% yield, mp 
103–105 °C; iR (Kbr, cm–1) 1,643, 1,562, 1,296, 929; 1h 
nMR (CdCl3) δ 2.71 (s, 3H), 7.39 (d, 1H, J = 6.8, 7.8 hz), 
7.59–7.53 (m, 2h), 7.71 (d, 2h, J = 8.5 hz), 7.75 (d, 1h, 
J = 7.8 hz), 8.03 (d, 2h, J = 8.47 hz),; 13C nMR (CdCl3) δ 
10.5, 112.7, 122.0, 123.9, 128.0, 128.2, 128.9, 129.6, 131.8, 
132.1, 136.9, 148.4, 154.7, 185.0; MS (70 eV) m/z (%): 315, 
314 (M+), 235, 207. Calcd. for C16h11brO2: C, 60.98; h, 
3.52. found: C, 60.59; h, 3.55.

results
The reaction between α-chloroacetophenone with sali-

cylaldehyde was investigated under various sets of conditi-
ons to find the optimum conditions. A suspension of the two 
reactants and K2CO3 in the ionic liquid led to 90% formation 
of product 3aa within 6 hours time period (table i, entry 1). 
Conduction of the same reaction in the presence of some 
other ionic liquids ([bmim]Pf6, [hmim]bf4) [bmim]Pf6, 
or bases (et3n, t-buOna) led to formation of lower quanti-
ties of the product within the same time periods. the product 
was easily obtained in high purity by a simple diethyl ether. 
the optimized conditions were employed to investigate the 
Rap-Stoermer condensation of salicylaldehyde with other 
substrates bearing electron-withdrawing and electron-rele-
asing groups. therefore, reactions of 1a with 2b (entry 2)  
and with 2c (entry 3) gave 93 and 98 % of 3ab	and 3ac, respecti-
vely. the generality of the procedure was shown by subje-
cting derivatives of o-hydroxybenzaldehydes to undergo con-
densation with different α-haloacetophenones (entries 4–8).		
furthermore,	 o-hydroxyacetophenone (entries 9–10)  
and 2-hydroxy–1-naphthaldehyde (entries 11) conveniently 
exhibited similar reactions. in all cases, reactions smoothly 
reached to completion within 6–24 hours time periods good 
to excellent yields of the desired products which were sepa-
rable by simple ethereal extraction.

Conclusions
in summary, we have developed a novel and general 

procedure for room-temperature Rap-Stoermer condensa-
tion of α-haloacetophenone with various 2-hydroxyarylalde-
hydes mediated by [hmim]Pf6. Reactions complete in short 
time periods in the presence of no external stimulant and the 
procedure is applicable to both 2-hydroxyacetophenone and 
2-hydroxyarylaldehydes. the versatility of the reaction, use 
of a recyclable media, production of pure single compounds, 
and easy procedure and work up are among other benefits of 
the present method. 

This work has been partially supported by the Ministry 
of Science, Research, and Technology of Iran.
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introduction
Glycolurils are heterobicyclic compounds that have been 

used as building blocks of various supramolecular objects. 
among others, glycoluril motif has been used in molecular 
clips1 and macrocyclic cucurbiturils2. fundamental building 
block of the latter compounds is methylene-bridged glyco-
luril dimer. in recent years isaacs and coworkers prepared 
such dimers3 to investigate mechanism of cucurbituril for-
mation and synthesis of new cucurbituril analogues. depen-
ding on the reaction conditions mixture of two diastereomers, 
S-shaped and C-shaped, was prepared. these dimers were 
synthesized from N-protected glycolurils and formaldehyde 
to avoid the formation of glycoluril oligomers. Substituted 
xylylene sidewall was used as a protecting group and was 
introduced to the molecule of glycoluril using alkylation. 
Unsubstituted glycoluril is little soluble in common solvents, 
therefore various groups are introduce to glycoluril in the 
positions 7 and 8 to increase its solubility.

We decided to expand chemistry of glycoluril by the 
preparation of glycoluril dimers bearing hydrogen atoms in 
positions 7, 8 of the glycoluril unit with different terminal 
units. the reason is to get more information about cucurbitu-
ril synthesis and tune the organization of the dimer molecules 
in the solid state by the modification of its structure.

experimental
S y n t h e s i s  o f  P r o t e c t e d  G l y c o l u r i l s

for the synthesis of the dimers precursors the condens-
ation reaction between glyoxal and substituted urea was cho-
sen at first 4. Unfortunately, this method gives poor yields of 
required 1,6-substituted glycoluril and also the isolation of the 
product is not easy. this method was used for the synthesis 
of 1,6-dimethylglycoluril 1c following published procedure5. 

Separation from 1,4-dimethylglycoluril required extensive 
fraction crystallization. We found, that pure product could be 
obtained after crystallization from 8% h3PO4. despite of this 
improvement, the yield is 9 %. 

We envisioned that the preparation of required dimer 
precursors could be achieved by acid catalyzed cyclocon-
densation reaction between bisurea and glyoxal. We selected 
aromatic and aliphatic bisureas 2a, 3a and found, that acid 
catalyzed reaction with glyoxal in water gives 1,6-substituted 
glycoluril. the product could be easily separated from the 
reaction mixture by filtration. yields are modest for aliphatic 
derivative 3b (47 %) and good for aromatic 2b (75 %).

S y n t h e s i s  o f  G l y c o l u r i l  d i m e r s
Protected glycolurils 1c, 2b and 3b were used in acid ca-

talyzed reaction with one equivalent of formaldehyde. Reac-
tions were carried out in concentrated hCl at 80 °C to obtain 
thermodynamic more stable C-shaped dimer.

Glycoluril dimers 1d, 2c, 3c were obtained in good 
yields 90, 94, 81 % respectively. We were able to obtain  
X-ray crystal structures of these dimers.

results
Glycoluril dimer 2c bearing two xylylene sidewalls 

is organized into dimeric aggregates; the driving force of 
the dimerization is the van der Waals interactions together 
with face-to-face π-π stacking interaction of the xylylene 
rings. dimer self-assembly was also observed in the crystal 
structure of 3c. in this case, the dimerization can be assigned 
to the van der Waals interactions only. in the crystal structure 
of 1d no dimerization was observed. instead, there is a unique 
three-dimensional network of molecules. each molecule is 
surrounded by two molecules with the same orientation and 
four molecules which are rotated by 90 ° relative to the cen-
tral molecule. the stacking of these motifs along the crystal-
lographic c-axis results in columns in which the bowl-shaped 
molecules are packed on top of each other (fig. 1).

Scheme 1
Synthesis of 1,6-substituted glycolurils

Scheme 2
Synthesis of glycoluril dimers
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Conclusion
We have prepared methylene-bridged glycoluril dimers 

bearing two hydrogen atoms on the convex face of the gly-
coluril unit. a new method for the synthesis of 1,6-substi-
tuted glycolurils was developed. in the solid state, 3c and 2c 
form dimeric aggregates whereas 1d is organized into three-
dimensional structure.

This work has been supported by  the Grant Agency of 
the Czech Republic 203/07/P382.
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introduction
The detoxification of polluted water by semiconduc-

tor photocatalysis based on the photoexcitation of titanium 
dioxide is nowadays accepted as promising technique also 
for industrial applications.1–3 The degradation of a variety of 
toxic organic contaminants is initiated by non-selective at-
tack of hydroxyl radicals generated upon ultra-band gap ir-
radiation of TiO2.

Our investigations are oriented on monitoring the photo-
generated paramagnetic intermediates in titanium dioxide 
suspensions by Electron Paramagnetic Resonance (EPR) 
spectroscopy. The quantum efficiency of UVA-induced pho-
tocatalytic processes was evaluated.

experimental
Titanium dioxide Aeroxide® P25 kindly provided by 

Degussa Company (Evonik Degussa, Germany) was used in 
all experiments. The formation of free radical species upon 
irradiation of TiO2 suspensions in aerated aqueous media was 
monitored using spin trapping agents 5,5-dimethyl-1-pyrro-
line N-oxide (DMPO; Aldrich) and 5-(diisopropoxy-phos-
phoryl)-5-methyl-1-pyrroline N-oxide (DIPPMPO; Alexis® 
Biochemicals). Semi-stable free radicals 4-hydroxy-2,2,6,6-
tetramethylpiperidine N-oxyl (Tempol), cation radical of 
2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonate) (ABTS•+) 
and 1,1-diphenyl-2-picrylhydrazyl (DPPH) were also used to 
monitor tio2 photocatalytic activity by a continuous decre-
ase of radical concentrations upon irradiation.

U V / V I S  S p e c t r a  o f  T i t a n i u m 
D i o x i d e  S u s p e n s i o n s

UV/VIS spectra of TiO2 aqueous suspensions in the 
wavelength interval 240–600 nm were recorded using  
a UV/VIS spectrometer UV-3600 (Shimadzu, Japan) with a 
large integrating sphere assembly using transmittance measu-
rement accessory. tio2 suspensions with low concentrations  
(0.01–0.1 mg TiO2 ml–1, i.e., 1 × 10–5–1 × 10–4 g cm–3) were 
used in UV/VIS experiments. Titania suspensions prepared 
instantly before recording UV/VIS spectra were sonicated 

1 minute (Ultrasonic Compact Cleaner TESON 1, Tesla, 
Slovak Republic), and then UV/VIS spectra were measu-
red in duplicate. The suspensions were not stirred during 
spectrophotometrical measurements. The values of absorp-
tion and scattering coefficients at the individual wavelengths 
(∆l = 5 nm) were evaluated from the experimental data by 
a least-squares minimization procedure (Scientist®, Micro-
Math) using Kubelka-Munk model of diffuse reflectance and 
transmission in accordance with refs.4,5.

E P R  P h o t o c h e m i c a l  E x p e r i m e n t s
The suspensions of TiO2 containing spin trapping agents 

(DMPO and DIPPMPO) or semi-stable radicals (Tempol, 
aBts•+ and DPPH) were prepared instantly before EPR mea-
surements. The stock TiO2 suspension (1 mg ml–1) was homo-
genized in ultrasonic bath for 1 minute before dilution to final 
concentration of 0.5 mg TiO2 ml–1. Then the suspensions 
were carefully mixed by slight air stream and immediately 
transferred to a small quartz flat cell (WG 808-Q, Wilmad-
LabGlass, USA; optical cell length 0.045 cm) optimized for 
the te102 (ER 4102 ST) rectangular EPR cavity (Bruker, Ger-
many). The samples were irradiated at 295 K directly in the 
EPR resonator, and EPR spectra were recorded in situ using 
EMX X-band EPR spectrometer (Bruker). As an irradiation 
source HPA 400/30S lamp (400 W, Philips; UVA irradiance 
of 5 mW cm–2) was used. A Pyrex glass filter (thickness of 
1 mm) was applied to eliminate radiation wavelengths below 
300 nm. The first spectrum in the time-course of EPR spectra 
was measured without radiation, and subsequently we started 
the exposure, monitoring ten spectra upon continuous irradi-
ation.

results
U V / V I S  S p e c t r a  o f  T i t a n i u m 
D i o x i d e  S u s p e n s i o n s

The spectrophotometrically monitored extinction in 
heterogeneous titanium dioxide aqueous suspensions repre-
sents combination of absorption and scattering phenomena 
caused by particles. Fig. 1 shows the experimental extinc-
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Fig. 1.	 the	 set	 of	 UV/Vis	 spectra	 measured	 in	 aqueous	 sus-
pensions	of	aeroxide®	P25	with	 increasing	concentration.	the	
numbers	specify	tio2	concentration	in	10–5	g	cm–3
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tion spectra of Aeroxide® P25 in aqueous suspensions with 
increased concentrations measured in wavelength interval 
240–600 nm.

The structure of Aeroxide® P25 sample comprises a mix-
ture of crystalline polymorphs with 80 % anatase and 20 % 
rutile3. The energy band gap value of anatase (Ebg = 3.2 eV), 
and rutile (Ebg = 3.02 eV) correspond to absorption threshold 
at 384 and 410 nm, respectively. Consequently, extinction 
observed in the visible region, originates exclusively from 
the scattering on titania nanoparticles. It should be noted 
here that the extinction data observed for wavelengths 
l > 410 nm are in good accordance with Rayleigh scattering 
(extinction = k × l–4). The extinction spectra of Aeroxide® P25 
measured at various loadings were used for numerical eva-
luation of absorption and scattering coefficients at indivi-
dual wavelength in accordance with Kubelka-Munk model 
of diffuse reflectance and transmission4,5. Our experiments 
confirmed a significant contribution of scattering phenomena 
in the region 240–400 nm, in accordance with previously 
published results.6 The values of absorption and scattering 

coefficients calculated from the extinction data were used for 
the construction of UV/VIS absorption and scattering spectra 
of Aeroxide® P25 in the wavelength interval 240–600 nm.

The sets of experimental results obtained at 310, 365, 405 
and 500 nm, along with corresponding fittings to Kubelka-
Munk model illustrates Fig. 2. The calculated absorption 
spectra of Aeroxide® P25 was used to find amount of absor-
bed UV radiation (300–400 nm) under the given experi-
mental conditions (incident radiation flux in EPR cavity 
6.6 × 10–8 einstein s–1; absorbed radiation flux 6.5 × 10–9 ein-
stein s–1). Finally the quantum efficiency of photoinduced 
radical processes monitored by in situ EPR spectroscopy was 
evaluated7.

P h o t o c h e m i c a l  I n  S i t u  e P r 
E x p e r i m e n t s

The photoinduced formation of reactive oxygen-centered 
free radicals in the aerated aqueous suspensions of Aeroxide® 
P25 was investigated using EPR spin trapping technique, a 
method for indirect detection of short-living radicals. Upon 
UV irradiation of aerated TiO2 suspensions in the presence 
of DMPO, typical four-line EPR spectra were monitored, 
which are characterized with spin Hamiltonian parameters 
an = aH

β = 1.49 mt and g = 2.0058, and are representative of 
the hydroxyl radical added to DMPO (•DMPO – OH; Fig. 3.a).  
The formation of hydroxyl radical adducts was evidenced 
also using DIPPMPO, as during photoexcitation of P25 in 
aqueous media dominates EPR spectrum with an = 1.407 
mt, aH

β = 1.320 mt, aP = 4.665; g = 2.0058, characteristic of 
hydroxyl radical adduct (•DIPPMPO – OH; Fig. 3.b). 

The paramagnetic signals of •DMPO – OH may be produ-
ced directly by the addition of photoproduced hydroxyl radi-
cals. However, we cannot exclude an alternative mechanism 
assuming spin trap oxidation by photogenerated holes to ca-
tion-radical DMPO•+, which hydrolyses in the aqueous media 
to •DMPO – OH without direct hydroxyl radical formation8. 
The formal initial rate of photoinitiated •DMPO – OH for-
mation was evaluated from double integrated EPR spectra 
monitored upon continuous UV exposure. The data obtai-
ned were used for the calculation of quantum efficiency of 
•DMPO – OH formation (η•DMPO – OH = (7.6 ± 0.8) × 10–4). 

The photoinduced elimination of semi-stable free radi-
cals (Tempol, DPPH, ABTS•+) in titanium dioxide suspen-
sions represents an alternative technique of photoactivity 
testing8. 

The principle of the detection of reactive free radical for-
mation using Tempol is based on monitoring the decrease in 
EPR intensity resulting from the interaction of its > N – O• 
group with the photogenerated reactive radical species, as 
well as singlet oxygen9. The EPR spectrum of Tempol under 
the given experimental conditions presents a three-line sig-
nal characterized by hyperfine splitting an = 1.70 mT and 
g = 2.0060. The decrease of Tempol concentration monitored 
upon irradiation in aerated aqueous suspension of Aeroxide® 
P25 was described by the formal first-order kinetic model 
(Fig. 4.), and the evaluated initial rate was used in the calcu-
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Fig. 2.	 the	 dependence	 of	 extinction	 at	 selected	 wavelengths	
upon	 product	 of	 tio2	 concentration	 and	 cell	 length	 obtained	
for	aeroxide®	P25	aqueous	suspensions.	the	symbols	represent	
experimental	 data	 and	 dotted	 lines	 were	 evaluated	 by	 least-
squares	minimization	procedure	using	Kubelka-munk	absorp-
tion	and	scattering	model

a) DMPO b) DIPPMPO

Fig. 3.	 experimental	(–)	and	simulated	(--)	ePr	spectra	obtai-
ned	in	aerated	irradiated	aeroxide®	P25	suspensions	in	the	pre-
sence	of	spin	trapping	agents	dmPo	and	diPPmPo.	magnetic	
field sweep: a) 7 mT; b) 15 mT
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lation of photocatalytic process quantum efficiency (ηTempol 
= 0.0013 ± 0.0001). 

The photocatalytic experiments with DPPH were due to 
its lower water solubility performed in mixed water/ethanol 
(1 : 1; v/v.) solvent. We observed limited photochemical sta-
bility of DPPH upon irradiation also in TiO2-free solutions, 
but the addition of Aeroxide® P25 considerably increased the 
rate of DPPH termination (Fig. 4.). It should be noted here 
that the mechanism of DPPH photocatalytic decomposition 
may be very complex, as DPPH molecules are capable of 
reacting with photogenerated electrons and hydroxyl radicals 
simultaneously. Probably, also from ethanol photogenerated 
hydroxyethyl radicals may react with DPPH producing dia-
magnetic products, and, consequently, the evaluated value of 
quantum efficiency reached the highest value (ηDPPH = 0.02
2 ± 0.002). 

The EPR spectrum of ABTS•+ is characterized by a 
complex hyperfine structure, but the higher value of the 
modulation amplitude used in the EPR spectrometer settings 
facilitates monitoring it as a single-line signal (g = 2.0036). 
The irradiation of ABTS•+ in aqueous suspensions of 
aeroxide® P25 caused efficient elimination of paramagnetic 
signal (Fig. 4). Our previous UV/VIS investigations of pho-
toinduced ABTS•+ reaction in tio2 suspensions confirmed 
the decrease of ABTS•+ selective absorption bands at 735 
and 415 nm, coupled with the simultaneous growth of ABTS 

absorption at 340 nm. These data are in good correlation with 
photocatalytic reduction of cation-radical ABTS•+ to aBts.8 
The initial rate of ABTS•+ reduction evaluated from EPR 
spectra monitored upon irradiation in P25 aqueous suspensi-
ons served as a basis for computation of quantum efficiency 
(ηaBts•+ = 0.011 ± 0.001).

conclusions
Kubelka-Munk analysis of UV/VIS spectra measured in 

aqueous TiO2 suspensions confirmed significant contribution 
of Aeroxide® P25 scattering in ultra-band gap wavelength 
interval 240–400 nm; the extinction data observed for wave-
lengths l > 410 nm are in good accordance with Rayleigh 
scattering on nanoparticles. EPR spin trapping technique 
and semi-stable radical eliminations were used to monitor 
photoinduced generation of reactive radical intermediates in 
aeroxide® P25 suspensions, and the differences in evaluated 
quantum efficiencies reflected the variation of photocatalytic 
reaction mechanisms.

Dedicated to Prof. Andrej Staško on the occasion of his 
70th birthday. 

This study was financially supported by Scientific Grant 
Agency of the Ministry of Education of the Slovak Republic 
(Project VEGA 1/3579/06).
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introduction
Environmental pollution is becoming more and more 

serious. Catalysis under UV irradiation, called photocataly-
sis, is attracting a great deal of attention from environmental 
purification point of view1. Titanium dioxide (TiO2) photoca-
talysis has been focused on the elimination of toxic and haza-
rdous organic substances and metals in wastewater, drinking 
water and air, which is important for the protection of the 
environment2. Heterogenous photocatalysis is a process based 
on the excitation of a semiconductor by light of energy equal 
to or higher than the bynd gap one. This excitation genera-
tes electron-hole pairs which can give rise to redox reactions 
with species adsorbed on the catalyst surface3. Among the 
warious semiconductors, TiO2 is the most suitable photoca-
talyst because of its high activity, photostability and availabi-
lity. Anyway, serious practical problems arise from the use of 
tio2 powders in the photocatalytic process – the need for post 
treatment separation in a slurry system. A key technology for 
the practical application of photocatalysis to environmental 
problems is the immobilization of TiO2 as thin film on a solid 
substrate (even if normally the film-type photocatalysts have 
low surface areas and their intrinsic photocatalytic activity is 
usually smaller than of the powders).

tio2 films have been often prepared by expensive 
methods as pulsed laser deposition, reactive evaporation and 
chemical vapour deposition. Low cost preparation methods 
are the sol-gel process including dip-coating, spin-coating 
and micropiezo jet as the final step of preparation. Sol-gel 
method usually requires a thermal post-treatment in order to 
eliminate organics present in the films or to induce crystalli-
zation of the deposited material. An important requirement 
for improving the TiO2 photocatalytic activity is to increase 
its specific surface area, which is certainly dependent on the 
crystal size. It is known that the smaller the catalyst is, the 
larger will be its specific surface area. Nevertheless, if the 
particles are very small, the charge carrier recombination is 
more probable. Thus the particle size must be optimized.

Formic acid (FA) was choosen because of simple 
mechanism of degradation: it undergoes a direct minera-
lisation to CO2 and H2O without the formation of any stable 
intermediate species4. Moreover, it also represents a possible 
final step in the photodegradation of more complex organic 
compounds.

experimental
P r e p a r a t i o n  o f  T i O 2  T h i n  F i l m s

Borosilicate glass plates (30 × 30 × 2 mm, Verre Equipe-
ments, France) were chosen as a substrate for immobiliza-
tion of TiO2 thin films. TiO2 layers were prepared using fol-
lowing organometallic precursor in sol-gel process: a mixture 
of absolute ethanol (85 ml) and acetylacetone (3.8 ml) was 
added to titanium(IV) propoxide (10.3 ml) under continuous 
stirring, a small amount of water (0.69 ml) in ethanol was 
dropped at last to the previously mixed solution. 

 Depositions of thin films were realized by dip-coating 
method (withdrawal speed 120 mm min–1) and by micro-
piezo jet. In the case of micropiezo jet one cartidge of desk-
top printer (EPSON R220) was filled with sol. The substrate 
was fixed into the holder for CD and it was printed by sol. It 
was possible to choose the area covered of substrate by sol 
or the quality of printing. The amount of printed precursor 
(i.e layer thickness) was determined by the gray level (dot 
area) of printed images. We used 2 printing speeds: slow at 
720 DPI and rapid one at 360 DPI. These values are given by 
the printer driver setup. In the next stage, the coated substra-
tes were dried for 30 min. at 110 °C and then calcinated for 4 
hours at 450 °C with temperature ramp of 3 °C min–1 which 
allowed us to obtain TiO2 predominantly in anatase form.

Fig. 1.	 Picture	 from	 optical	 microscope,	 tio2 thin films pre-
pared	by	dip	coating	method.	2	layers	at	the	edge	(upper)	and	
4	layers	at	the	edge	(down)
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F o r m i c  A c i d  P h o t o c a t a l y t i c 
D e g r a d a t i o n

The formic acid reaction solution was prepared with ini-
tial concentration of 20, 50, 100, 200 and 400 mg dm–3. the 
degradation process took place at ambient temperature in a 
Pyrex reactor (100 ml) with 30 ml of reaction solution under 
constant stirring. Before the reaction, the FA solution in the 
reactor was stirred during 30 min in obscurity to reach the 
solution adsorption equilibrium in contact with TiO2 surface. 
During the FA photocatalytic oxidation with concentration 
ranging from 20 to 400 mg dm–3, 0.5 ml of reaction solution 
was sampled every one hour for HPLC analysis. The total 
reaction time was 7 h. The UV irradiation was provided by 
high pressure mercury lamp (Philips HPK–125 W). 

In order to determine the kinetic behavior of formic acid 
degradation on TiO2 films, the initial reaction rate was esti-
mated up to 120 min of irradiation time. The obtained values 
of reaction rate for various FA initial concentrations were tre-
ated using Langmuir-Hinshelwood (L-H) model.

where k is the rate constant, θ is coverage degrese of surface 
active sites, K is adsorption constant and c is the initial con-
centration of reagents in the solution5.

results
C h a r a c t e r i z a t i o n  o f  T i O 2  t h i n 
F i l m s  P r e p a r e d  b y  O p t i c a l 
M i c r o s c o p e

the tio2 thin films deposited on the borosilicate glass 
plates were optically transparent and they adhered well to the 
glass substrate after the calcination process. In the case of 
tio2 layers prepared by dip-coating method, the layers are 
homogenous and without cracks in the middle of a coated 
surface, whereas the homogeneity gets worse towards the 
edge of glass. The TiO2 film quality slightly decreased with 
increasing layer number, in the case of 4 layers some cracks 
is appeared in the film structure (Fig. 1.).

The second method for preparation TiO2 thin films was 
the newly adopted picropiezo jet. Surface morfology of pre-
pared thin film greatly depends on the print setting. The TiO2 
prepared by micropiezo jet by rapid mode have smooth and 
flat surface, cracks are observed when sol loading exceeded 
90% dot area. On the other hand, the layers prepared by slow 
mode are uneven and discontinuous (Fig. 2.).

D e g r a d a t i o n  o f  F o r m i c  A c i d  i n 
A q u e o u s  P h a s e

At first we will discused TiO2 thin films prepared by dip-
coating method. The reaction rate constants k depend stron-
gly on TiO2 layer number (i.e. layer thickness) whereas the 
adsorption constants decrease. The same behaviour we obser-
ved for two values of irradiance (7.7 and 4.6 mW cm–2). the 
thicker tio2 film effectively absorbs the radiation, the holes 
can better oxidize FA (Fig. 3.). 

We observed the same characteristics in the case of thin 
films prepared by micropiezo jet (Fig. 4.). The photocatalytic 
activity grows with the value of dot area. It is caused by the 
growing amount of deposited TiO2 and the thickness of TiO2 
thin film. Roughness of surface has a positive influence on 
the adsorption of FA on the surface of TiO2. We observed 
decrease of adsorption constant for 60 % slow mode. It could 
be induced by too low coverage of substrate by TiO2. 

, (per gram of photocatalyst) (1)

Fig. 2.	 Picture	from	optical	microscope,	tio2 thin films prepa-
red	micropiezo	jet	by	rapid	(upper)	and	slow	(down)	mode

Fig. 3.	 comparison	of	Langmuir-hinshelwood	parameters	for	
different	intensity	of	irradiance
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From the L-H model (1) we calculated the coverage 
of surface active sites θ by FA for different FA initial con-
centration (Table I and Table II). We can see that the pol-
lutant adsorption on TiO2 surface increased with increasing 
FA concentration. We observed a decrease in FA adsorption 
with increasing number of TiO2 layers or sol loading. It al-
most achieved the value of 1 for FA initial concentration of 
8.7 mmol dm–3. That is nearly all active sites on TiO2 surface 
were covered by FA molecules, which correlates well with 
obtained L-H kinetic behavior.

conclusions
We prepared TiO2 thin layers on borosilicate glass pla-

tes by dip coating method a newly by micropiezo jet. TiO2 
thin films prepared by dip-coating method are homogenous 
and transparent as well as films prepared by micropiezo jet 
by rapid mode. In the case of TiO2 thin films prepared by 
slow mode, the layers are uneven and discontinuous, partial 
coverage of substrate with and without TiO2 is observed. 

The photocatalytic efficiency of prepared coatings was 
evaluated by the photooxidation of FA. The kinetic parame-
ters of FA disappearance, reaction rate constant and adsorp-
tion constant, corresponded to Langmuir-Hinshelwood beha-
vior. It was found that the photocatalytic activity grows with 
the value of dot area or number of layers (i.e. thickness of 
film).
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Fig. 4.	 comparison	of	Langmuir-hinshelwood	parameters	for	
tio2 thin films prepared by picropiezo jet

Table I
The coverage degree for different FA initial concentration, 
different iirradiance and for (1–4) TiO2 layers

 c FA [mmol 7.7 mW cm–2 4.6 mW cm–2

 dm–3] 1 2 4 1 2 4
 8.7 0.95 0.94 0.91 0.95 0.93 0.88
 4.3 0.90 0.89 0.83 0.90 0.86 0.79
 2.1 0.82 0.81 0.71 0.82 0.76 0.65
 1.1 0.70 0.67 0.55 0.69 0.61 0.48
 0.4 0.48 0.45 0.32 0.47 0.39 0.27

Table II
The coverage degree for different FA initial concentration 
and for TiO2 thin films prepared by micropiezo jet

	c FA [mmol Rapid Slow
 dm–3] 100% 80% 60% 100% 80% 60%
 8.7 0.81 0.83 0.85 0.91 0.92 0.92
 4.3 0.68 0.71 0.74 0.83 0.85 0.85
 2.1 0.51 0.55 0.59 0.71 0.73 0.74
 1.1 0.34 0.38 0.42 0.55 0.58 0.59
 0.4 0.17 0.19 0.22 0.32 0.35 0.37
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introduction
Deterioration of paper documents containing iron-gall 

inks is supposed to be a combination of two degradation 
pathways – acid hydrolysis of cellulose and oxidative degra-
dation of cellulose. Iron gall inks contain transition metals, 
such as iron and copper, catalyzing the radical oxidation of 
the substrate, as well as acids, catalyzing its hydrolysis1,2. 
Transition metals are capable to enter Fenton and Fenton-like 
type of reactions3,4 and catalyze homolytic decomposition 
of peroxides with production of hydroxyl radicals. Hydro-
xyl radicals can oxidize cellulose and induce degradation of 
cellulose5.

Content and ratio of transition metals in historical iron-
gall inks recipes vary. In addition to iron the most notable 
transition metal is cooper and the molar ration of the iron 
cooper to iron in these recipes get the value up to 0.7(ref.6). 
It was found that even trace amounts of cooper induce signi-
ficant destruction of paper substrate7. The catalytic action of 
cooper in Fenton and Fenton-like reactions predominate over 
the catalytic action of iron6,8 and the catalytic action of iron 
and cooper is additive6.

The influence of transitional metals in iron-gall inks on 
the rate of degradation and change of optical properties of 
aged model documents were studied in this paper.

experimental
Model ink systems were prepared according to the sug-

gestion of Neevel2. The molar ratio of transition metal:tan-
nine (5.5 : 1) and the amount of gum arabic (4.71 g 150 ml–1) 
were kept constant. Seven model inks with the ratio of cop-
per : iron 0 (without cooper), 0.025, 0.05, 0.10, 0.25, 0.40 
(A1–A6) and model ink containing only Cu without iron 
(A7) were used in this study. Used chemicals: tannic acid 
(Sigma Aldrich), ferric sulphate heptahydrate (Lachema, 
Czech Rep.), cupric sulphate pentahydrate (Lachema, Czech 
Rep.), gum arabic (Sigma-Aldrich), cupriethylene-diamine 
(Sigma-Aldrich), deionised water. Water solutions of inks 
were applied on substrate after 15 days free staying in dark.

Whatman filter paper No. 1 (purified cotton linter cellu-
lose) was used as a model substrate. Using a computer-gui-
ded plotter with a refillable plotter pen each ink was applied 
in rectangles (12 × 5 cm) and then left to dry at room tempe-
rature. The average ink amount per sample was 0.008 g cm–2. 
Samples with pH values lying in four different regions (~ 3, 
~ 4, ~ 5, ~ 6) were obtained by short immersion (2–3 s)  
of inked paper samples into the diluted solutions of sodium 
hydroxide (from 0.25M to 0.40M, as appropriate for particu-

lar sample to obtain required pH)). The samples were submi-
tted to accelerated ageing in closed vessels at 90 °C according 
to the method described by Lojewski and Baranski9.

The degree of polymerization (DP) of samples was 
determined viscometrically using cupriethylene-diamine  
as a solvent10. Degree of polymerization was calculated from 
viscometric data using Mark-Houwink-Sakurada equation 
and the constants according to Evans and Wallis11,12. rate 
constants “k” of degradation of paper samples was calculated 
by least squares fitting of the plot DP vs. time using Ekenstam 
equation for degradation of linear polymers13:

(1/DPt) = (1/DPo) + k t (1)

where DPt and DPo are degrees of polymerization at the 
beginning of ageing and after time “t” of ageing, respecti-
vely.

Colorimetric measurements were performed using 
spectrocolorimeter GretagMacbeth Spectrolino keeping the 
standard condition for graphic arts measurements (geometry 
45/0, D50 illumination, 2° standard observer, measurement 
without polarizing filter, black background) according to the 
standard14. Standard error of the colorimetric measurements 
was less than 1.0 (in ∆E*

ab).

results	and	discussion
The rates constants of degradation of samples containing 

model inks at various pH are shown on the Fig. 1. 

The rate constants of degradation are significantly hi-
gher at the pH value around 3, the ratio Cu : Fe in inks does 
not significantly affect the rate of degradation. With increa-
sing pH the rate of degradation descends and depends on the 
ratio Cu : Fe in inks. Samples with higher content of copper 
in the inks exhibit higher constant of degradation at the same 
pH value.

Fig. 1.	 rate	constants	of	degradation	vs. ratio Cu : Fe (A1–A7) 
and	ph
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The color changes of selected samples during ageing are 
on the Fig. 2.

The colorimetric changes of the samples during ageing 
can be summarize as follow. CIE Lab lightness of samples 
aged at the pH range 3 increases with prolonged ageing and 
this bleaching is steepest for the samples with higher content 
of copper (Figs. 3.–5.). At the same time CIE Lab chroma 
increases from small initial values (1.8) to the values up to 
20 and CIE Lab hue angle is shifted from 280 ° to 76 ° (cor-
responds to the shift from grey to brown-yellowish color). 
More significant changes of chroma and hue angle during 
ageing were observed for the samples with higher content 
of cooper. The nature of these changes suggests that oxida-
tive reactions of the iron-gall ink take place in addition to the 
degradation of cellulose fibers.

Colorimetric changes of samples aged in higher pH 
ranges follow the above trend, but were less significant 
(color difference DE*

ab < 3.5). Lower extend of changes of 
color corresponds to the lower rate of degradation in these  
pH ranges

In order to asses the role of hydrolytic degradation and 
the catalytic influence of transitional metals, the rate constants 
of degradation of pure substrate (Whatman paper) without 
ink deposition at various pH were determined (Fig. 6.).

As follows from the Figs. 6 and 7., the degradation 
of the samples containing iron gall inks is significantly hi-
gher than the degradation of samples of the pure substrate  

of the same pH. While the increasing of pH value of pure 
substrate to 3 increased the rate constant of degradation about 
4-times, the change of pH value from 6 to 3 for the sample 
with ink A1 increased the rate constant of degradation about 
20-times. This can be considered as evidence, that the acce-
lerated degradation of samples containing transitional metals 
is not caused simple by increased acidity but that specific 
degradation reactions of cellulose fibers catalyzed by transiti-
onal metals play significant role.

conclusions
The rate of degradation of samples of paper with iron-

gall inks containing copper and iron in various ratios is the 
highest at the lowest pH values (around 3) and the value of 
rate constant of degradation does not depend significantly on 
the content of cooper in the ink in this pH range. Rate of 
degradation of the samples in less acidic regions is lower and 
depends on the content of cooper. The degradation of samples 

Fig. 2.	 samples	of	inks	(a1,	a3,	a6)	at	the	ageing	time	of	0,	1,	
2,	3,	4	and	24	hours,	ph	3

Fig. 3.	 changes	 of	 colorimetric	 parameters	 (cieLab)	 during	
ageing; sample A1, pH 3

Fig. 4.	 changes	 of	 colorimetric	 parameters	 (cieLab)	 during	
ageing; sample A3, pH 3

Fig. 5.	 changes	 of	 colorimetric	 parameters	 (cieLab)	 during	
ageing; sample A6, pH 3
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with inks with higher ratio copper:iron is faster, what may be 
caused by more significant oxidative degradation.

Accelerated degradation of samples containing transiti-
onal metals is not caused simple by increased acidity but that 
specific degradation reactions of cellulose fibers catalyzed by 
transitional metals play significant role.

Changes of colorimetric parameters during degradation 
of studied samples provide further indication of the running 
oxidation reactions.

This work was supported by Slovak Grant Agency VEGA 
(project VEGA 1/0800/08) and by MŠ SR (project MVTS 
COST D42/08 and project 2003SP200280301 Kniha SK).
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Fig. 6.	 rates	constants	of	degradation	of	substrate	(whatman	
paper)	 without	 ink	 deposition	 at	 various	 ph	 and	 without	 ph	
adjustment	(natural	substrate)

Fig. 7.	 rate	 constants	 of	 samples	 from	 fig.	6	 compared	 with	
rate	constants	of	degradation	of	sample	a1
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introduction
The camptothecin family of anticancer medicines has 

a unique mechanism of action directed to the inhibition of 
topoisomerase I (Topo I). It was previously shown that cam-
ptothecin (CPT) inhibits Topo I via the formation of ternary 
complex, in which the biologically active lactone ring of CPT 
stabilizes an irreversible Topo I/DNA covalent complex. Cam-
ptothecin molecule contains conjugated system of π-electrons 
representing a potential basis for UVA photoexcitation resul-
ting in the reactive free radical species generation (e.g., ROS 
– Reactive Oxygen Species), which are responsible for light-
mediated DNA cleavage. Consequently, alternative mecha-
nisms of DNA damage upon the simultaneous application of 
CPT, Topo I and UV radiation (λ = 365 nm) were considered. 
A number of photoactive compounds require the contribu-
tion of a metal ion for the DNA cleavage event, therefore 
the biological activity of irradiated CPT has been tested also 
in the presence of Cu(II) ions1,2. Our previous investigations 
were oriented on study of interaction of CPT with Cu(II) and 
Fe(III) ions upon irradiation. The results obtained confirm 
the participation of these ions in the photoinitiated activation 
of camptothecin accompanied with the formation of reactive 
radical species3,4.

Irinotecan (CPT-11 or Camptosar®) is a watersoluble 
semisynthetic analogue of the natural alkaloid camptothecin. 
The structure of CPT-11 is shown in Fig. 1. 

Irinotecan is a pro-drug, converted in vivo to its active 
metabolite. CPT-11 interfere with Topoisomerase I and can-
cer cells death appears to result from DNA strand breaks cau-
sed by the formation of cleavable complexes. 

Our investigation was focused on photochemical trans-
formations of CPT-11 in aqueous and dimethylsulfoxide 
(DMSO) solutions, and on its photoactivation in the presence 
of equimolar amounts of Cu(II) ions monitored by EPR 
spectroscopy.

experimental
Irinotecan hydrochloride (CPT-11, Fig. 1) and cupric 

chloride were applied in photochemical experiments. 5,5-
Dimethyl–1-pyrroline N-oxide (DMPO) and α-(4-pyridyl-
1-oxide)-n-tert-butylnitrone (POBN) were used as spin 
trapping agents, 2,2,6,6-tetramethyl-4-piperidinol (TEM-
POL) was applied as spin label. The selective oxidation of 
4-hydroxy-2,2,6,6-tetramethylpiperidine (TMP) via singlet 
oxygen to the paramagnetic nitroxyl radical oxyl (TEMPOL) 
was utilized for 1o2 detection by EPR spectroscopy. 

The stock solutions of CPT-11 and CuCl2 (both  
2 × 10–3 mol dm–3) were prepared in redistilled water or 
dimethylsulfoxide. The CPT-11 (150 μl) were mixed with 
identical volume of solvent (water or DMSO) or 150 μl Cu(II) 
ions (to obtain equimolar solution CPT-11: Cu(II)) and 50 μl 
of aqueous or DMSO solutions of spin traps/spin label were 
added prior to irradiation. The prepared solutions were satu-
rated by argon or air, filled in the quartz flat cell optimized for 
the Bruker TE102 EPR cavity.

The X-band EPR spectra were recorded at EPR Bruker 
EMX spectrometer equipped with a TE102 (ER 4102ST) reso-
nator. Samples were irradiated at 295 K in situ using HPA 
400/30S lamp (400 W, λmax = 365 nm, Philips, UVA irradi-
ance 10 mW cm–2). A Pyrex glass filter was applied to elimi-
nate the radiation wavelengths below 300 nm. The simulati-
ons of the individual components in the complex EPR spectra 
were calculated using WinEPR and SimFonia programs 
(Bruker). The experimental EPR spectra were fitted as the 
linear combinations of these individual simulations using a 
least-squares minimization procedure with the Scientist Pro-
gram (MicroMath).

results
The EPR spin trapping technique enables to evidence 

reactive short-lived free radicals adding them to spin trapping 
agent under the formation of more stable paramagnetic pro-
ducts (spin adducts). The EPR spectrum of adducts brings 
information on type of reactive radical trapped. 

dmPo. The dimethylsulfoxide solvent is well known 
for its ability to stabilize super-oxide anion radical. The EPR 
spectra measured after 10 min of irradiation of CPT-11 in 
DMSO solutions under air in the presence of DMPO con-
firmed the formation of two radical adducts (Fig. 2.). The 
spin Hamiltonian parameters of EPR signals obtained by 
simulation analysis revealed the generation of •DMPO–O2

–,  
characterized by hyperfine splittings an = 1.274 mT, 
aH

β = 1.035 mT, aH
γ = 0.137 mT and g-value = 2.0058(ref.5). 

This EPR signal dominates in the experimental spectrum (rela-
tive concentration 80 %), and is produced immediately after 
beginning of irradiation. Additionally, a minor EPR signal was  

Fig. 1.	 structure	of	irinotecan	(cPt–11)
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observed, attributed to •DMPO–OCH3 adduct (an = 1.330 mT, 
aH

β = 0.794 mT, aH
γ = 0.155 mT and g-value = 2.0058)5.

The formation of superoxide anion radicals upon photoe-
xcitation of CPT-11 in DMSO solvent was unambiguously 
confirmed by the addition of enzyme superoxide dismutase 
(SOD) into the solution, which caused a significant decrease 
of •DMPO–O2

– EPR intensity by the competitive reaction of 
SOD with O2

•–. 
The production of •DMPO–OCH3 adduct was established 
previously in aerated DMSO systems producing oxygen-
centered free radicals (O2

•–, •OH). Probably, the generation 
of this minor adduct reflected the reaction of ROS with sol-
vent producing •CH3 radicals, which are in the presence of 
molecular oxygen transformed to CH3oo• and trapped as 
•DMPO–OCH3.

It should be noted here that the application of DMPO was 
not possible in systems containing Cu(II) ions and DMSO 
solvent, due to the formation of paramagnetic species even 
after mixing of individual solutions before irradiation, so the 
identification of photo-induced radical adducts was limited. 

temPoL. The principle of the detection of reactive 
free radical formation using TEMPOL and its derivatives 
is based on monitoring the decrease in its EPR intensity 
resulting from the interaction of its > N – O• group with the 
generated reactive radical species, as well as singlet oxygen 
(Eqs. 1–4)6:

> N – O• + •OH → > N+ = O + OH– (1)

> N – O• + •OH → > NOOH → >NH + O2 (2)

> N – O• + •R → > NO-R  (3)

> N – O• + 1o2 → products and/or quenching (4)

The EPR spectrum of TEMPOL in DMSO solvent in the 
presence of oxygen represents three-line signal characterized 
with hyperfine splitting an = 1.573 mT and g = 2.0060, as il-

lustrates inset in Fig. 3.a. Irradiation of TEMPOL in DMSO 
solution under air or argon confirmed its photochemical 
stability under given experimental conditions, as only neg-
ligible decrease of EPR signal was observed. The situation 
was similar if TEMPOL was irradiated in the presence Cu(II) 
ions. However, the addition of CPT-11 to the reaction system 
under air or argon led to the decrease of TEMPOL signal.

The addition of equimolar amount of Cu(II) ions into 
CPT-11 solution and subsequent irradiation led to the decre-
ase of TEMPOL signal which was less pronounced than in 
system with only CPT-11.

Fig. 2.	 experimental	 (solid	 line)	 and	 simulated	 (dotted	 line)	
EPR spectra (magnetic field sweep 7.5 mT) obtained after 10 
minutes	of	 a	 continuous	 irradiation	of	 system	cPt-11/dmPo/
DMSO/air. Initial concentration: c0(cPt-11)	=	0.86	mmol	dm–3	
and	c0(dmPo)	=	30	mmol	dm–3

Fig. 3.	temPoL	relative	concentration	monitored	upon	conti-
nuous irradiation (λ > 300 nm) of	dmso	solutions	 in	 the	pres-
ence	cPt-11	and/or	cu(ii)	ions	(c0(temPoL)	=	43	µmol	dm–3)	
under	 air	 (a)	 and	 argon	 (b).	 inset	 represents	 experimental	
and	 simulated	 ePr	 spectrum	 of	 temPoL	 in	 dmso	 (mag-
netic field sweep 6 mT). Initial concentrations of CPT-11 and 
cu(ii)	 ions	 (in	 mmol	dm–3):  c0(cPt-11)	=	0,	 c0(Cu(II)) = 0; 	
 c0(cPt-11)	=	0,	 c0(Cu(II)) =0.86;  c0(CPT-11) = 0.86; 
c0(Cu(II)) = 0;  c0(cPt-11)	=	0.86,	c0(cu(ii+)	=	0.86
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The termination of TEMPOL signal in the presence of 
CPT-11 indicated the formation of reactive radical species 
which can react with TEMPOL, forming diamagnetic pro-
ducts. The presence of Cu(II) ions in reaction systems with 
CPT-11 could cause the competitive reactions, e.g., reoxida-
tion of Cu(II) (Eqs 5, 6):

Cu(II) + O2
•– → Cu(I) + O2 (5)

Cu(I) + O2 → Cu(II) + O2
•– (6)

Additionally, the formation of singlet oxygen 1o2 was 
confirmed, as irradiation of CPT-11 in the presence of TMP 
resulted to the formation of TEMPOL radical.

conclusions
The work was focused on spectroscopic characterization 

of photoinitiated processes of irinotecan. Radical formation 
in the photoactivated system with CPT-11 and CPT-11/Cu(II) 
was monitored by spin traps DMPO and POBN under inert 
atmosphere and also in the presence of oxygen. DMPO was 
used for confirmation of photoinduced reactive radical spe-
cies formation in DMSO solutions and POBN in aqueous 
solutions, respectively. Semi-stable free radical TEMPOL 
was used to verify the production of radicals upon irradia-
tion.

Dedicated to Prof. Andrej Staško on the occasion  
of his 70th birthday.
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introduction
Photocatalysis on TiO2 has received much attention 

during last two decades. If TiO2 absorbs a quantum of UV 
radiation of sufficient energy (λ < 400 nm), an electron is 
excited into the valence band and an electron-hole pair is cre-
ated. The potentials of electron and hole are strong enough 
to oxidize water to hydroxyl radicals and reduce molecular 
o2. Resulting reactive oxygen species (ROS) are very power-
ful oxidizing agents and readily attack any organic matter in 
their proximity until it is totally cleaved to CO2 and water. 
Numerous applications utilizing this process for water purifi-
cation, toxic waste treatment, air purification and deodorizing 
have been proposed and some successfully marketed. The 
same process can be applied for the design of self-cleaning 
and self-disinfecting surfaces. Moreover, the oxygen vacancy 
creation and subsequent photo-corrosion on irradiated surfa-
ces of TiO2 convert the surface to superhydrophilic nature, 
which further enhances its self-cleaning ability.

Photocatalytic systems based on slurryied powder of 
tio2 offer excellent performance due to their very high ca-
talyst surface area. Upon immobilization, the free surface of 
catalyst inevitably decreases, resulting into a loss of catalytic 
performance. Nevertheless, immobilized TiO2 is the prefer-
red form of photocatalyst. for industrial application. The need 
of removing powder photocatalyst can prohibitively compli-
cate any process. 

So far, several forms of immobilized powder TiO2 were 
reported, featuring glass, silica gel, quartz, stainless steel, 
titanium, paper and many other materials as support. There 
are many methods of TiO2 powder immobilization, such as 
suspension dip-coating, electrophoretic coating, spray coa-
ting, etc. However, inferior optical and mechanical properties 
or resulting films restrict the use of these materials only to 
some type of applications, such as photocatalytic reactors. 

Sol-gel technique represents a totally different approach 
to the preparation of TiO2 thin layers. Sol-gel is one of the 
most successful techniques for preparing nanosized metallic 
oxide materials with high photocatalytic activities. By tailo-
ring the chemical structure of primary precursor and carefully 
controlling the processing parameters, nanocrystalline produ-
cts with very high level of chemical purity can be achieved. 
In sol-gel processes, TiO2 is usually prepared by the reactions 
of hydrolysis and polycondensation of titanium alkoxides, 
Ti(OR)n to form oxopolymers, which are then transformed 
into an tridimensional network.

In this way, thin, compact and transparent layers of TiO2 
can be conveniently produced. Such layers find their use in 

the design of “smart” surfaces, such as self-cleaning glass 
sheets and tiles, mirrors with antifogging effect, self-disin-
fecting material etc. However, a suitable method for liquid 
sol application is needed in order to obtain a thin layer with 
excellent properties.

There are two traditional method of thin layer prepa-
ration from liquid precursors: spin-coating and dip-coating. 
Spin-coating method uses centrifugal force to form a film 
of liquid precursor: a sufficient volume of precursor is pla-
ced onto the support which is then rotated at a high speed. 
The liquid is spread by centrifugal force and a wet film of 
precursor is formed. The thickness of the resulting wet film 
depends mainly on the angular velocity of substrate rotation, 
precursor viscosity, precursor concentration and solvent eva-
poration rate1. In contrary, dip coating is based on dipping the 
substrate into liquid precursor and pulling it out at constant 
speed. Again, viscosity, concentration, solvent volatility and 
speed of pulling influence the resulting film thickness. The 
faster we pull, the thicker the film is.

Both these methods are widely used, yet they are bur-
dened by several significant disadvantages, as summarized 
in Table I. Firstly, the coated area is rather limited. In the 
case of spin coating, this limitation is due to the centrifu-
gal force. Substrates larger than a few centimeters simply 
can not be rotated at several thousands rpm. The area of dip 
coated substrates is usually also limited to centimeter scale, 
although devices handling large substrates up to meter size 
are known. Secondly, the efficiency of precursor use is extre-
mely poor. In both spin- and dip-coating, most of the precur-
sor is wasted, and only few percents are actually used to build 
up the film. Moreover, dip-coating gives us substrates coated 
from both sides, which is not always desired. Thirdly, both 
these methods are very sensitive to surface defects. A surface 
defect can produce traces and streaks and degrade large areas 
of cauted substrate. At last, these classic methods on their 
own are not capable of selective deposition (“patterning”), 
i.e. the whole area of substrate is coated.

Because of these problems and limitations, a more 
robust method of liquid precursor application has been sear-
ched for. Inkjet printing is apparently a very good candidate 
for this task. In a conventional inkjet printer, small droplets of 
low viscosity ink are ejected from a print head and fall onto 

Table I
Method comparison (adopted from2, modified by authors)

  Spin Dip  Inkjet
 Precursor use ~ 95 % ~ 95 % ~ 5 %
 efficiency wasted wasted wasted
 Coated area ~ cm ~ dm ~ m

 
Sensitivity to

 	 	 
 

surface defects

 
Possibility of

 
	 	 

 
“patterning”
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printed substrated3. The movement of the print head and the 
substrate is precisely controlled by computer and so is the 
volume of ejected droplets and their loading per unit area. 
If we are able to replace the ink with a liquid precursor and 
printing paper with suitable substrate, we obtain a very robust 
device for the precursor deposition. 

Naturally, both the printer and precursor must fulfill cer-
tain requirements in order to be employed as a thin layer depo-
sition tool. The printer has to be able to handle rigid media so 
that solid materials can be used as layer support. The precur-
sor must be of a very low viscosity (less than 20 mPa s) and 
must not damage the printer. If solid particles are present in 
the precursor, their diameter must be well below the print head 
nozzle diameter (50–20 µm typically) and their aggregation 
must be prevented. Despite these limitations, inkjet printing 
has been sucessfully used for the deposition of a wide variety 
of liquid precursors, such as conducting polymers4, metal-
lic nanoparticles dispersions5, metallic precursor solutions6, 
enzymes, various catalyst nanoparticles dispersions etc.

experimental
S o l  a n d  S u b s t r a t e  P r e p a r a t i o n

Sol-gel technique was applied to titanium dioxide thin 
films preparation using titanium(IV) propoxide as titanium 
precursors. 

40 ml of ethanol was mixed with 3.8 ml acetylacetone. 
This mixture was then dropwise added to 10.3 ml titanium(
IV)tetraisopropoxide (TTIP). Finally, 45 ml of ethanol was 
mixed with 0.69 ml water and this mixture was again dro-
pwise added to the sol composition. Prepared sol was stored 
in an airtight bottle in darkness at 5 °C.

Borosilicate glass plates with sizes of 30 × 30 × 2 mm 
(Verre Equipements, France) were chosen as a substrate for 
immobilization of TiO2 thin films. This type of glass con-
tains only 4.2 % wt. Na2O and 0.1 % wt. of CaO. Before the 
preparation of the thin films, each glass was pre–treated in 
order to eliminate any dust, grease and other residues using 
an aqueous solution of industrial surfactant and dried under 
air flow.

S o l  A p p l i c a t i o n
Sol application was performed in a novel inovative way 

utilizing a modified office inkjet printer (Epson R220). Origi-
nal ink cartridges were removed from the printer and the ink 
tubing and printhead were flushed and purged with anhyd-
rous propanol. Flushing with anhydrous propanol is extre-
mely important in order to remove any remaining aqueous 
ink. If this step is omitted or performed incompletely, the tita-
nium sol will hydrolyse upon contact with residual water and 
precipitated TiO2 will clog the print head nozzles.

“Virgin empty” spongeless carts were supplied by MIS 
Associates, USA. Titanium sol was filtered frough 0.2 µm 
mesh size syringe filter and loaded into one “virgin empty” 
cart. This cart was installed into the printer in the black posi-
tion while the remaining positions were occupied by the same 
carts filled with dummy ink (a mixture consisting of water, 

propanol, surfactant and colorant). After a series of head 
cleaning cycles a perfect nozzle check pattern was obtained. 
Cleaned glass plates were then mounted into a modified CD 
holder, fed into the printer and printed with “black only” dri-
ver setting. The colour of the printed pattern was varied in 
different levels of grey (100%, 90%, 80%, 70%, 60%) and 
thus glasses with correspoding relative sol loading value 
were printed. 

Two print setting were adopted – rapid and slow (see 
Table II). The resolution, print speed and media settings were 
varied and their influence on the resulting TiO2 layer proper-
ties was evaluated.

L a y e r  t r e a t m e n t
After the previous procedure, the coated glass plates 

were dried in the oven at 110 °C for 30 min. Finally, the depo-
sited layers were thermally treated in a calcination furnace 
at 450 °C for 4 hours with ramp of 3 °C min–1 to obtain the 
transparent photocatalytically active titanium dioxide films in 
anatase presupposed phase.

S t u d y  o f  P r i n t e d  L a y e r s  P r o p e r t i e s
optical	and	sem	imaging was performed in an ordi-

nary manner on a Nikon Eclipse E200 optical microscope 
equippend with Nikon D200 digital camera and Hitachi S4700 
FESEM scanning electronic microscope. Recorded electronic 
images were also used to evaluate the layer thickness. 

surface	 analysis was performed on Sanning Probe 
Microscopy NTegra Prima/Aura (NT-MDT).

Photocatalytic	 performance was evaluted by recor-
ding the dechloration rate of 2,6-dichloroindophenol (DCIP). 
The reaction took place in a simple single-plate reactor where 
the solution was circulated through a siphon by a centrifugal 
pump. The siphon ensured a constant level of solution over 
the catalyst plate during the whole reaction despite decrea-
sing volume due to sampling. UV radiation was delivered by 
Philips HPA – 400 W metal halogen lamp and the intensity 
was 2.4 mW cm–2.

The DICP concentration was determined by UV-
VIS spectrophotometry at 600 nm. Samples were taken at 
20 minutes intervals. Formal first order kinetic model was 
adopted and the reaction rate constants were calculated. 

Table II
Print setting

  Rapid Slow
 Media Settings Plain paper CD Premium Surface
 Resolution 360 720
 Highspeed yes no
 printing (= bidirectional (= unidirectional
  printing) printing)
 Absolute appr. 1 cm2 s–1 appr. 0.05 cm2 s–1
 printing speed
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results
L a y e r  S t r u c t u r e  a n d  M o r p h o l o g y

As far as the layer morphology is concerned, we can 
clearly see that there are principal differences between rapid 
and slow printed layers, no matter what the sol loading is. 
The rapid printed layers are very smooth and compact up to 
80 % of sol loading (see Fig. 1.). When the sol loading value 
exceeds this threshold, cracking occurs (See Fig. 2.).

On the other hand, the slow-printed layers show com-
pletely different structure – their surface is very grooved and 
rough. It clearly keeps the structure of individual drops. When 
the sol loading value is low, we can clearly see the patterns 
of individual drops (see Fig. 3.). When the sol loading value 
increases, this pattern is still present and some cracing occurs 
in very thick regions (Fig. 4.). 

A more detailed view is provides by the SEM imaging. 
Here we get a closer look at the cracks and it is also possible 
to estimate the thickness of the layers (Fig. 6.). 

The differences in the layer structure are caused by the 
different speed of sol ejection: During rapid printing, the sol 
ejection rate is faster then solvent evaporation, and therefor a 
liquid film is formed on the substrate. Only then the solvent 
evaporates, leaving a “dry” layer of gel. However, during 
slow printing, the sol ejection rate is very small and the rate 
of evaporation exceeds it. Therefore a solig gel is formed  

on the substrate already during printing and the last drops 
of sol are deposited onto dried gel. Therefore a distinctive 
structure develops and the resulting layer is very rough.

The roughness prepared layers was in much greater 
detail observed by AFM. Unfortunately, the roughness of 
slow printed layers was too high to be observable by our 
device, therefore a direct comparison is not possible at the 
moment. The AFM record for the rapid layer reveal a very 

Fig. 1.	 80	%	sol	loading,	rapid	printing

Fig. 2.	 100	%	sol	loading,	rapid	printing

Fig. 3.	 60	%	sol	loading,	slow	printing

Fig. 4.	 100	%	sol	loading,	slow	printing

Fig. 5.	 100	%	sol	loading,	rapid	printing
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smooth surface whose roughness is comparable to the rough-
ness of support glass.

P h o t o c a t a l y t i c  P e r f o r m a n c e
Fig. 7 shows the overall results for the DCIP dechlo-

ration experiment. We can clearly see that the dechloration 
rate increases with increasing sol loading. However, the there 
is a difference in the slope of this dependency. We believe 
that this difference can be explained by the differences in 
layer homogeneity. While the rapidly printed layers are very 
smooth and compact, the slow printed layers are grooved and 
rough. Therefore the catalyst surface is basically constant in 
the case of rapid printing and only the thickness of the layer 
changes. On the other hand, in the case of slow printing, both 
the average layer thickness and interface surface increases as 
sol loading increases.

conclusion
In this letter, we demonstrate the benefits of using inkjet 

printing technology for the preparation of TiO2 thin layers. 

By utilizing the well know sol-gel chemistry used so far for 
spin- and dip coated layers of TiO2 together with the wide 
deposition possibilities offered by inkjet printing, we are able 
pro prepare thin layers of TiO2 in a very effective and clean 
way with minimum waste. The structure of prepared layers 
greatly depends on the printing conditions: If the sol eje-
ction rate is faster then solvent evaporation, a smooth com-
pact layer is produced. On the other hand, when the solvent 
evaporation rate is grater than sol ejection, we obtain highly 
structured and porous layer.

Slowly printed layers have structured and grooved sur-
face giving them opaque matt apperance, but their photoca-
talytic performance is superior compared to rapidly printed 
layers. We believe this is mainly due to greater catalyst inter-
face area. On the other hand, rapidly printed layers have bet-
ter optical properties – they are glossy and transparent. How-
ever, the smooth surface results into lower mass exchange 
rate and therefore their photocatalytic performace is lower.

Authors would like to thank to the Czech Ministry of 
Education, Youth and Sports for supporting this work through 
project MSM0021630501.
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Fig. 6.	 a	crack	detail,	100	%	sol	loading,	rapid	printing

Fig. 7.	 afm	record	of	100%	sol	loading,	rapid	printed	layer

Fig. 8.	 reaction	rate	constant	comparison
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introduction
Heterogeneous Photocatalysis based on titania originated 

some 40 years ago but the interest of industry for environ-
mental applications emerged only 10 years ago. These appli-
cations mainly concerned self-cleaning materials and water 
and air purification and standardisation is now required. In 
France, French AFNOR created the B44-A photocatalytic 
commission in September 2007, which is composed of scien-
tists from National and from industry. 

Researches in the field of the Photocatalysis are now 
one of the major for remediable energy. This is a technology 
which took a considerable rise during these last 10 years.  
It is particularly well adapted to answer the new environ-
mental stakes, insofar as she proposes solutions of for clean 
treatments to fight effectively against environmental pollu-
tion. The photocatalysis is a technique based on oxydo-redu-
ction (Redox) processes, particularly well appropriate to 
the treatment of environmental pollution. It is quoted in the 
last report/ratio of the Ministry for Industry relating to “key 
technologies 2010” like as one of the technologies carrying 
for the economic development in France. These applicati-
ons mainly concerned self-cleaning materials and water and 
air purification and standardisation is now required. In this 
particularly favorable context, AFNOR, the French Agency 
for Standardization, which has, in particular, for the mission 
of promoting emergent technologies and to supporting their 
development, has just created the Commission of Standar-
dization named Photocatalysis B44A. At the time of during 
the launch the meeting of launching on May 11, 2007 which 
brought together some 30 people persons met, among which 
whom people from industry, representatives of the public 
authorities and scientific experts of from academic research. 
The scope of applications selected is relatively broad, taking 
into account the multiple applications considered, such as the 
air cleaning, the elimination of the odors, the coating materi-
als to create self-cleaning surfaces (glass, metals, concretes, 
cements…), the purification, potabilisation and detoxifica-
tion of water, etc. It was initially decided, to focus the work 
of standardization of the Commission on the applications of 
the photocatalysis in the field of the on air treatment.

After the presentation of the commission of standardiza-
tion AFNOR “B44A” the principle of photocatalysis and the 
active species generated at the surface of a photocatalyst will 
be presented under different reaction conditions (liquid phase 
(water, solvents) and gas phase), corresponding to dedicated 
applications such as air and water treatments, self-cleaning 
materials, fine chemistry. Hydrogen production will be also 
introduced.

The comparison of reaction mechanisms occurring in 
aqueous and gaseous phases is made possible by identifying 
the intermediate products formed during the degradation of 
pollutants in both phases. The prediction of reaction pathways 
in aqueous phase is based on the attack by OH• radicals on 
different families of organic pollutants and subsequently veri-
fied by the experiments. Some applications of photocatalysis 
(decoloration of dyes, detoxification of water, use of solar 
energy, air treatment (VOC and odor removal), self-cleaning 
materials), developed at IRCELYON will be presented and 
put in realistic perspectives.

Principle	of	Photocatalysis	and	active	species
Photocatalysis is based on the double aptitude of the 

photocatalyst (essentially titania) to simultaneously adsorb 
reactants and to absorb efficient photons. 

When a divided semiconductor is illuminated with pho-
tons of energy higher than or equal to its band gap energy, 
photo-electrons e– and photo-holes h+ are created. the 
electron is then extracted from the valence band (VB) to the 
conduction band (CB). This process results in a positive region 
in the VB (Hole h+) and a free electron (e–) in the CB (1). 
Mechanisms for the primary events occurring at the catalyst 
surface have been described.1–3

tio2 + hυ → TiO2 + e– (CB) + h+ (VB) (1)

Reactants can adsorb and react either with electrons 
(acceptor molecules such as O2) or with holes (donor 
molecules).

The hole, at the catalyst surface, reacts with donor 
molecules such as hydroxyl ions (OH–) and adsorbs water 
(case of presence of water) to form free radicals (OH•). (Eqs. 
(2) and (3)):

tio2 (h
+) + OH– → TiO2 + OH•, (2)

tio2 (h
+) + H2oads → TiO2 + OH•	+	H+, (3)

or directly with reactants (mainly in absence of water) to 
form R+•

tio2 (h
+) + R → TiO2 + r+•. (4)

The CB electron reduces oxygen to the superoxide ion: 
o2

•–	(Eq. (5)). This reaction prevents the e–/h+ recombination, 
in the absence of other electron acceptors.

o2 + e– → O2
•– (5)

W a t e r  T r e a t m e n t  v s .  a i r  t r e a t m e n t 
In aqueous phase, the further reduction of O2

•– produces 
H2o2, as described in (6):

o2
•–	+	e– + 2H+ → H2o2 (6)

The superoxide ion and its protonated form subsequently 
dismute to yield hydrogen peroxide or a peroxide anion (Eqs. 
(7)–(9)):
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o2
•–	+ H+	→	HO2

• (7)

o2
•– + 4HO2

• → 2OH• + 3o2 + H2o2 (8)

2HO2
• → O2 + H2o2 (9)

Hydrogen peroxide can also react with superoxyde via 
the Harber-Weiss reaction (10) or through the reduction of 
H2o2 by the CB e– (11) (Ref.4)

o2
•– + H2o2 → OH• + OH– + o2 (10)

H2o2 + e– → OH• + OH– (11)
On the other hand, recombination of OH• radicals can 

lead to the production of hydrogen peroxide (12):

OH• + OH• → H2o2  (12)

In gas phase, organic radicals formed R+• can react 
with superoxyde O2

•– or directly with O2 to formed oxidi-
sed compounds and in situ water, which allow to obtained a 
total mineralization by indirect formation of hydroxyl radical 
(13), (14).

r+•+ o2
•– → Ox (13)

r+•+ o2 → Ox (14)
These types of reactions can also be	observed in aqueous 

phase5.

P r i n c i p l e  o f  S e l f  C l e a n i n g 
M a t e r i a l s

Self cleaning materials are based on the photocatalytic 
and superhydrophilic properties (case of glass)6,7 of a sub-
micronic layer of photocatalyst TiO2, deposited on their sur-
face. Active species photogenerated, described previously (3) 
and (5) (OH•, o2

•–...) are able to eliminate the organic stains 
adsorbed on the glass surface by slow combustion at ambient 
temperature. Moreover, the photogeneration of these radicals 
induces simultaneously a phenomenon of “superhydrophili-
city” on the surface of the TiO2 layer, which takes part in 
the self-cleaning property of glasses, in the presence of water 
(rain). The proposed mechanisme occurring is presented on 
Fig. 1.

Superhydrophilicity is due to the formation of hydroxyl 
group on the surface of catalyst. This superhydrophilicity can 
occur only in the case of humide atmosphere.

F i n e s  C h e m i c a l s  v s .  E n v i r o n m e n t a l 
C a t a l y s i s

Indeed photocatalysis is alternatively able to induce 
mild and selective oxidation reactions and total oxidation 
reactions leading most elements to their higher oxidation 
state, in particular leading organic carbon to the +4 oxidation 
state in Co2.

This is mainly due to the absence (mild oxidations) and 
to the presence (total oxidation) of water. In the first case, 
the active species is a neutral atomic O* species8 whereas in 
the presence of water (or humid air), OH• radicals (2nd best 
universal oxidant) lead to total oxidation. Their formation is 
summarized in Table I. 

H y d r o g e n  P r o d u c t i o n
Scientists all over the world are very interested in hydro-

gen gas as the most promising energy resources to overcome 
the future energy crisis. 

The photocatalytic decomposition of water into hydro-
gen and oxygen has been regarded as one of the most poten-
tial approaches ever since Fujishima and Honda reported 
the photoelectrochemical water splitting using a TiO2 
electrode9. 

When the surface of the TiO2 electrode was illuminated, 
electrons flowed from it to the platinum counter electrode. 
The oxidation reaction (oxygen gas evolution) occurs at the 
tio2 electrode and a reduction reaction (hydrogen gas evolu-
tion) occurs at the Pt electrode.

The principles of photoelectrochemical water splitting 
have been used to guide the design of particulate systems for 
photocatalytic water splitting. For example, a TiO2 particle 
with a small amount of Pt deposited on it is essentially a 
miniature photoelectrochemical cell, on which water is oxi-
dized at the bare oxide and is reduced at the Pt-covered area 
to achieve the desired overall reaction. 

However, particulate photocatalytic systems have the 
disadvantages to imply a separation of charge carriers not as 
efficient as with an electrode system. In addition, the back 
reaction between the evolved hydrogen and oxygen gases can 
take place. This was a problem in early work with TiO2/Pt 
photocatalysts. Since, photocatalytic water splitting has been 
studied intensively over the past several decades. A variety 
of metal oxides have been examined as powder photocata-
lysts. These materials include transition metal oxides contai-
ning metal ions of Ti4+, zr4+, Nb5+, or ta5+ with d0 electronic 
configuration and typical metal oxides having metal ions of 
Ga3+, In3+, Ge4+, sn4+ or Sb5+ with d10 electronic configura-
tion The record efficiency of 18.3 %, achieved on a AlGaAs/
Si–RuO2/Pt system, is very encouraging. However, these 
systems are so expensive that the cost of the hydrogen fuel 
produced would not be.competitive with other regenerative 
types of energy. Heterogeneous photocatalysis could provide  fig.	1.	 superhydrophilicity	of	tio2
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a low-cost route for production of H2 fuel, if the photocatalyst 
were able to utilize solar energy efficiently10.

Generally, the other studies showing the photocatalytic 
H2 production was initially evolved from a CH3OH – H2o 
and the mechanism implied is resume below11.

Dissociative chemisorption of alcohols on amphoteric 
OH surface groups of titania
R–CH2OH (liq) + (2 sites on tio2) → R–CH2o

–
(ads) + H+

(ads)
Electron transfer to metal particles as for CDIE
e– + (Pt) ↔ e–Pt
Reaction of holes h+ with chemisorbed alcoholate ani-
ons
h+ + R–CH2o

– → R–CH2o
•

Release of a hydrogen atom and formation of a carbo-
nyl-containing molecule (presently an aldehyde)
R–CH2o

• → R–CHO + H•

Reverse spillover of H• atoms back to the metal particle 
probably as protons
H• → H+ + e–

Neutralization of protons at metal particles containing 
an excess of electrons “nano-cathodic – (like process)”
H+ + e–

Pt → H• (Pt)
Recombination of H• atoms and evolution in the gas 
phase
2H•

(Pt) → H2(g)

research	field	in	Photocatalysis	developed	at	irce-
Lyon
W a t e r  T r e a t m e n t

removal	of	organic	compounds	–	comparison	and/or		
coupling	with	other	advanced	oxidation	processes	

Removal of a large number of organic compounds such 
as phenolic compounds12,13, pesticides14–16, dyes17,18 has 
been successfully degraded and chemical pathways identi-
fied in our laboratory. Their kinetics or chemical pathways 
compared to other advanced oxidation technologies19–21 such 
as H2o2–UV, H2o2–Fe2+, o3 and ultrasound22,23. We have 
also shown that the combination between photocatalysis with 
these different advanced oxidation processes can improve 
their efficiency. For exemple the electronic affinity of ozone 
favor the (e–, h+) separation and the formation of actIve spe-
cies.

The efficiency of supported TiO2 has been evaluated and 
demonstrated strongly decreased the photocatalytic degra-
dation of non-neutral compounds. This decrease has been 

•

•

•

•

•

•

•

attributed to the presence of silica binder which decreases 
the adsorption of anionic compound on the photocatalyst by 
electrostatic repulsion.

fate	of	nitrogen	group
Nitrogen has always been a complex element in chemis-

try because of its apparent inertness as N2, and of its multiple 
oxidation states, ranging from −3 to +5. Nitro-compounds 
were found to decompose into nitrite, easily oxidized into 
nitrate. Amino groups have been found to decompose into 
ammonium ions, slowly oxidizable into nitrate. Eventually, 
nitrogen atoms incorporated into triazinic aromatic rings 
were found to resist oxidation, remaining in their −3 oxida-
tion state. This was showed by a partial oxo-degradation of 
s-triazine into cyanuric acid C3H3o3n3. Fortunately, cyanuric 
acid is innocuous because of its very high stability. It consti-
tutes one of the very few examples of organics resisting pho-
tocatalytic degradation at room temperature. This is due (i) to 
the three bonds of N atoms involved in the aromatic ring ske-
leton (i.e. without aliphatic substituents) and (ii) to the maxi-
mum formal oxidation state of carbon (+4), already reached 
in C3H3o3n3. Concerning the degradation of (–N=N–) azo-
groups, the mass balance in n-containing final products could 
not be obtained in aqueous phase analyses considering only 
the formation of NO3

– and NH4
+. However, this mass balance 

can be obtained quantifying N2 evolution, and show that azo-
groups is mainly transformed into nitrogen gas. For example, 
N2 evolution from Congo Red (the “terror” of printers and 
of paper-makers) is given in Fig. 2. During its photocatalytic 

Table I

 Features Fine Chemicals Environmental Catalysis
 Main reaction Mild oxidation Total oxidation
 Initial selectivity 100% No selectivity
 Final products for organics > C = O CO2
 Medium Dry medium Water, Humid air
 Active species O* OH•

 Reaction of Formation (tio2) + hν → e– + h+

  o–
(ads) + h+ → O*

(ads)  (H2O ↔ H+ + OH–) + h+ → H+ + OH•

Fig. 2.	 Kinetics	of	n-containing	compound	evolution,	either	in	
the	aqueous	or	the	gas	phase	during	the	photocatalytic	degrada-
tion	of	congo	red	dye
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degradation the total nitrogen balance could be permanently 
established.

In the case of Amaranth a prohibited cancerigen alimen-
tary dye or Reactive Black 5, the 100 % gaseous N2 expected 
could not be reached. The only 85 % and 70 % of N2 obtai-
ned were due to the presence of a hydrazone isomeric form 
shown below.

R1 N N

O
H

R2

R1 N N

O
H

R2

Prediction	of	chemical	pathways	–	impact	of	electro-
nic	density

Several studies mentioned the importance of electronic 
density on initial attack of hydroxyl radical, considering their 
electrophilic characters but also the importance of adsorp-
tion.24–27 Taking into account these works, we used the 
CAChe software and the semi-empirical MOPAC package to 
calculate Frontier electron densities and point charges of all 
individual atoms in different structures (triazolidine28, Ima-
zapyr29 and diuron. 

Then we correlated these values with experimental 
results and showed that we can predict the main initial inter-
mediates products taking into account the attack of OH• radi-
cal on the highest electronic density. 

For example, electronic density can explain that amine 
group is mainly transformed into nitrate in the case of 
ammelide whereas amine group are transformed into ammo-
nium in the case of amino-phenol (Fig. 3.)

However, this approach is a global approach and it does 
not explain for exemple if the monochlorohydroxylated com-
pounds which are mainly formed in the case of diuron are 
obtained abstraction of hydrogen and hydroxylation or addi-
tion of OH• on the cycle and then dechlorination. 

For these reasons DFT calculations have been establis-
hed to determine the enthalpy of formation of each com-
pounds considering attack by OH• radical on each atom.

removal	of	micro–organisms
Obtaining a clean air or a drinking water does not pass 

only by the elimination of the polluting species of chemical 
origin (dyes, pesticides, hydrocarbons,…), it requires also 
the elimination of the pollutants of biological origin (virus, 
bacteria, mushroom, yeast…). This operation is called disin-
fection or sterilization. 

At IRCELYON, we work on the study of a photocataly-
tic disinfection process which has the advantages of procee-
ding at room temperature and atmospheric pressure without 
addition of chemical reagents and to allow a total CO2 mine-
ralization and H2O. Our studies aim to better understand the 
mechanisms of action of the reactive species HO•, o2

•–, HO2
•, 

produced on the surface of the irradiated photocatalyst. 
The studies began with Escherichia coli, a model micro–

Organism representative of the bacteria. Correlations between 
chemical analyzes and biochemical are studied by determi-

nation of the photocatalytic oxidation in vitro of the nucleic 
acids (DNA, ARN). The first results, under UV-A irradiation 

Fig. 3.	 fate	 of	 nitrogen	 in	 the	 photocatalytic	 degradation		
of	3-amino-phenol	and	ammelide

Fig. 4.	 electronic	microscopy	of	a	suspension	of	E. coli	bacteria	
in	contact	with	the	catalyst	tio2	degussa	P–25
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in the presence of a photocatalysor TiO2, show the impor-
tance of the contact between micro-organisms and nanopar-
ticules of the catalyst (Fig. 4.) which leads to the perforation 
of the membrane and the loss of cultivability. In parallel one 
observes the formation of ions ammonium and organic acids, 
the progressive degradation of the ARN and DNA (Fig. 5.) 
and the absence of nucleic acids in solution.

Used	of	solar	energy
Various contaminants (phenol, 4-chlorophenol, 2,4-D, 

benzofurane, malic acid, formatanate, Congo Red,…) pre-
viously studied in our laboratory, were later photodegraded 
in the solar pilot plant at the “Plataforma Solar de Almeria” 
(PSA, Spain) and it was demonstrated that the kinetic results 
obtained with micro-photoreactors at laboratory scale could 
be extrapolated to pilot photoreactors having capacities of 
several hundred litres by using a circulating suspension of 
titania. the variation in photo-efficiency under high solar 
flux, as well as possible thermal effects of solar light, has also 
been studied.30 Some years later, European program AQUA-
CAT allows us to developed and test a totally autonomous 
solar photoreactor, presented in Fig. 6., able to potabilize 
water by decontamination (chemicals) but also disinfection 
(bacteria). 

air	treatment
R e m o v a l  o f  O r g a n i c  M o l e c u l e s 
–  C o m p a r i s o n  o f  R e a c t i o n 
M e c h a n i s m s  O c c u r r i n g  i n  A q u e o u s 
a n d  G a s e o u s  P h a s e s

Conventional technologies for removing VOCs from the 
polluted air stream involved adsorption by activated carbon, 
biofiltration and bioscrubbling, thermal oxidation and inci-
neration which encounter the drawbacks to be non destructive 
and/or expensive because of high-energy requirements and/
or consumption of chemicals. A highly promising method for 
the destruction of VOC is photocatalytic oxidation. It offers 
several advantages, in comparison to the other processes, 
such as the destruction of organic contaminants rather than 
their transfer from a phase to another one, a complete mine-

Fig. 5. Picture of gel electrophoresis from I: Intracellular sam-
ple, E: Extracellular sample of suspension of E. coli	treated	by	
UVa	photocatalysis	at	different	exposure	times	(0–240	min).	the	
bands	correspond	to	(1)	chromosomic	dna,	(2)	23s	rrna	and	
(3) 16S rRNA. M: DNA molecular weight marker

Fig. 6.	 aQUacat	 autonomous	 solar	 photoreactor	 prototype	
for	water	potabilization

scheme 1
Main mechanism of MTBE photocatalytic degradation in aqueous 

(a) or gaseous phase (b)

(a)

(b)
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ralisation into carbon dioxyde and water and a wide range of 
VOC can be treated. Its efficiency has been demonstrated for 
removing a large number of VOC. In our laboratory we have 
shown the efficiency of the degradation of different odorous 
compounds31,32 and even for the total mineralization of triple 
carbon-carbon bonding33.

Moreover, utilization of this process is energetically 
interesting because it operates at ambient temperature and 
the use of solar energy to initiate photocatalytic oxidation 
reactions is possible.

The photocatalytic reaction mechanism is few studied in 
gas phase and the role of water on the mechanism not really 
well established. The study of humidity on mechanism of 
acetylene photocatalytic degradation reveals that in dry air, 
acetylene is slowly degraded and mainly reacts with photo-
generated holes.

The comparison of the reaction mechanisms occurring 
in gas and aqueous phases in the photocatalytic degradation 
of methyl-tertio-butyl ether (MTBE), a volatile organic com-
pound (VOC) used as a substitute for tetraethyl-lead in gaso-
line agree with

In aqueous phase, the main pathway is the attack on the 
methoxy group of MTBE by OH• and in a less extend by 
HO2

• to form tertio butyl formiate and tertio butanol while 
in gaz phase the attack mainly occur by hole on methyl of 
tertio bytyl.

In Scheme1 are represented the main mechanism of at-
tack of MTBE in aqueous phase (a) and gaz phase (b)

I m p r o v e m e n t  o f  P h o t o c a t a l y s i s  b y 
C o u p l i n g  W i t h  A d s o r b a n t  o r  C o l d 
P l a s m a

In our laboratory, we also work on the improvement of 
the photocatalytic efficiency. In air treatment, we have first 
tested the effect of the presence of adsorbant such as zeo-
lithe and secondly coupled photocatalysis with non-thermal 
plasma.

Contrary that it will be mentioned in the literature, our 
results reveals that no improvement of VOC degradation oc-
curs in presence of TiO2 + activated carbon whereas zeolite 
improves the efficiency of TiO2 supported on non woven 
fibre; These improvement is attributed a better dispersion on 
tio2 on fibre (Fig. 7.).

The initial reasons for coupling plasma and photocata-
lysis were that the photocatalysis was expected favour the 
total mineralization of VOC into CO2 by decreasing inter-
mediate compound formed in plasma reaction but also used 
UV generated by plasma, due to excited nitrogene relaxation, 
as well as activated species such as ozone, which are able to, 
are activate photocatalytic material. 

Our results reveals that an improved of efficiency is 
observed when materials are present in plasma discharge. 
However, this improvement is mainly due to the presence of 
a porous material. It means that UV generated by plasma is 
not sufficient to activate photocatalyst. 

Studies performed using additional UV indicates that 
a synergy is observed between plasma and photocatalysis, 
less CO is detected and the formation of carbon dioxide is 
improved. Moreover, the photocatalytic material is less ea-
sily poisoned by intermediate compounds formed due to its 
regeneration by plasma. 

R e m o v a l  o f  V i r u s
The efficiency of a photocatalytic reactor against the 

avian influenza virus using an aerosol flow of about 40 m3 h–1  
and about 103 CFU ml–1 (CFU: Colony Forming Unit) have 
beeen tested. Since the A/H5N1 virus is strongly pathogenic, 

Fig. 7.	 (a)	 adsorption	 and	 photodegradation	 of	 acetylene	 on	
tio2	coupled	with	adsorbing	material	or	not	and	(b)	Photopro-
duction	of	co2	by	tio2	coupled	with	activated	carbon

(a)

(b)

Fig. 8. Photos of experimental device used to test the efficiency 
of BUXAIR reactor against the avian influenza virus
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the tests were performed on the A/H5N2 strain of the virus, 
chosen as the conventional research model for the A/H5N1 
strain. A reference was made using no irradiation flux. The 
experimental set was represented in Fig. 8.

Titration results are presented in the Fig. 9.a,b. Without 
UV-light, we observe a 0.7 log (or 80%) reduction of the 
number of viruses. The addition of UV-light led to a complete 
elimination of viruses titrated at entry up to a 3.1 log. 

self	cleaning	materials
P r e s e n t  C h a l l e n g e s  i n 
P h o t o c a t a l y s i s

The number of publications on photocatalysis presently 
increases exponentially, especially from emerging countries 
and from the community of materials. Experts are now con-
fronted by new challenges. Some of them concern the fol-
lowing points:

Are we “condemned” to exclusively work with titania?
Can tio2 be photosensitized in the visible by doping? 
(It is already known that cationic doping is not efficient 
and rather detrimental whereas anionic doping is under 
investigation).
Can we find a new photocatalyst different from TiO2 and 
directly active in the visible?

•
•

•

Is photocatalysis suitable for preparative Fine Chemis-
try?
Is photocatalysis enough bactericide in water and in 
air?
Can Photocatalysis be employed as a new medical tool 
(“cancericide effect,….”)?
Are we able to define a few standardized and globally 
accepted tests for each photocatalytic application?
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introduction
Several water disinfection technologies are available, 

such as chlorination and ozonation. However, in addition to 
their high costs, they can lead to the formation of harmful 
disinfection by-products (DBPs), among which the most dan-
gerous are the trihalomethanes (THMs), well-known for their 
high carcinogenic potential1. 

Among the new oxidation methods or “Advanced Oxi-
dation Processes” (AOP), heterogeneous photocatalysis 
appears as an emerging destructive technology leading to 
the total mineralization of pollutants at ambient temperature 
and atmospheric pressure using a cheap photocatalyst, TiO2, 
having the possibility of using a part of solar energy as the 
UV source. Its principle is based on the formation of highly 
reactive oxygen species (ROS), such as OH•, o2

•– HO2
•, 

capable of destroying chemical and biological water conta-
minants, under irradiation of semiconductor particles (pho-
tocatalyst) with photons of energy higher than or equal to its 
band gap energy. TiO2 mediated photocatalysis has been wi-
dely investigated for a large number of organic contaminants. 
Their degradation pathway and their mineralization has been 
reported2,3. Nowadays, interest is directed to the use of this 
technique in water disinfection. Photocatalytic oxidation as a 
technique for microbial disinfection was first demonstrated 
by Matsunaga et al.4 using TiO2– Pt photocatalyst. Since the 
effects of various parameters (nature of support, nature of 
photocatalyst, light power, initial concentration) on the pho-
tocatalytic efficiency have been studied5,6 

Other types of catalysts begin to appear for desinfection, 
such as photosensitizing materials which generate singlet 
oxygen under UV but also visible light. Singlet molecular 
oxygen (abbreviated 1o2) is the lowest electronic excited state 
of molecular oxygen. It can be readily generated by energy 

transfer from electronically excited dyes to ground state dio-
xygen, following a photochemical process called sensitiza-
tion in which the excited state of the sensitizer, mostly in its 
triplet state, is quenched by molecular oxygen yielding sin-
glet oxygen. Singlet oxygen is a short-lived highly reactive 
species that is known to inactivate air- or water-carried bac-
teria efficiently7,8.

In this work, we compared the photoinduced deactivation 
of the model bacteria Escherichia coli k–12 (E. coli) using 
industrial TiO2 photocatalysts, Degussa P25 and Millennium 
PC500, either suspended or supported and photosensitizers 
supported on silica (organic molecules derived from quinone, 
benzophenone, or 9,10-dicyanoanthracene). The influence of 
parameters, such as the nature and amount of the sensitizer or 
tio2 and of the irradiation intensity was investigated.

experimental
M a t e r i a l s

Two industrial and commercial TiO2, Degussa P25 and 
Millennium PC–500 and four sensitizers (9,10-Dicyanoan-
thracene (DCA), anthraquinone (ANT), 4-benzoyl benzoic 
acid (4-BB) and a new photosensitizers named X) prepa-
red on silica9 were used in suspension. PC–500 coated on 
Ahlstrom paper and commercialized by Ahlstrom firm under 
the reference 1048 was used as supported TiO2.

B a c t e r i a l  S t r a i n  a n d  G r o w t h  M e d i a
The bacteria strain used was E. coli K12 PHL 1273 

containing a green Fluorescent protein (gfp) in ADN which 
enhanced the synthesis of fimbriae.

Aliquots of the overnight cultures were inoculated into 
fresh medium and incubated aerobically at 37 °C until the sta-
tionary growth phase was reached (15 h). Growth was moni-
tored by optical density (OD) at 600 nm. Bacterial cells were 
harvested by centrifugation at 500 rpm for 10 min at 4 °C. 
The bacterial pellet was subsequently washed three times 
with the Mili-Q water. Cell suspensions were inoculated in 
the solution in a Pyrex cylindrical reactor to the required 
cell density corresponding to 107–108 colony forming units 
per millilitre (CFU ml–1). Serial dilutions were prepared if 
necessary in the solution and 100 µl samples were plated 
on Plate-Count-Agar (PCA, Merck, Germany). Plates were 
incubated at 37 °C for 24 h before the bacterial counting was 
carried out. 

P h o t o r e a c t o r  a n d  L i g h t  S o u r c e s
The reactor consisted on a batch Pyrex cylindrical 

(100 cm3) inside which 20 ml of E. coli aqueous solution was 
put into contact with the photocatalyst. The directly irradiated 
side of the reactor was the bottom window suprasil disk, 3 cm 
diameter. The light source was a HPK 125 W Philips mer-
cury lamp, cooled with a water circulation. The irradiation 
spectrum was cutt–Off below 340 nm using a Corning 0.52 
filter. All reactions were carried out at ambient temperature.
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results	and	discussions
E f f i c i e n c y  o f  T i O 2

Fig.1 represents the inactivation of E. coli strain in pre-
sence of the two titania photocatalysts in slurry and of sup-
ported PC–500. 

In suspension, TiO2 PC–500 is much more efficient than 
tio2 P25 to inactivate E. coli. However, its efficiency decre-
ases when it is supported due to the lower contact between 
catalyst and bacteria10.

The more important efficiency of the PC–500 as a fun-
ction of time can be explained by considering the evolution 
of the pH (from 6.5 to 5 after 3 hours) during the photocata-
lytic inactivation of E. coli. In this case more tio2 surface 
is positively charged. TiO2 PC–500 should be more efficient 
than P25 due to the presence of more negative charges on its 
surface, at the working pH, taking into account the isoelectric 
point (IEP) of both catalysts (IEP = 7 for P–25 and 6.2 for 
PC 500). 

Another hypothesis could also be suggested considering 
the smaller PC–500 particles, which could more easily pene-
trate between fimbriae and help more quickly to perforate the 
membrane. However, PC–500 particles were more agglome-
rated those of P25 as found by D.Gumy5. This hypothesis 
seems less probable than that based on surface charges. 

The effect of the amount of TiO2 (P–25) and of light 
intensity show: 

(i) that the optimal concentration of TiO2 found to inac-
tivate E–coli was 0.25 g dm–3. Above this value a scattering 
effect of titania occurs, 

(ii) by increasing the intensity from 0.48 to 3.85 mW cm–2,  
the time necessary to totally inactivate E–coli decreased from 
180 to 90minutes and seems reach a plateau above 4 mW cm–2. 

E f f i c i e n c y  o f  P h o t o s e n s i t i z e r s 
–  C o m p a r i s o n  w i t h  T i O 2

The efficiencies of the photosensitizers supported on 
silica elaborated by the sol-gel method, to inactivate E.coli 
are presented on Fig. 2. 

Contrary to the results observed with TiO2, with all the 
sensitizing materials a lag period is observed which can be 
attributed to the self-defense of the micro–Organism against 
active species such as 1o2 (no OH• radical can be formed with 
these sensitizers). 

Several parameters can influence the results obtai-
ned with these sensitizing materials, such as the nature and 
the concentration of the photosensitizer in the material, its 
method of preparation (inclusion for SG0, grafting in the 
xerogel for SG1 or post-grafting for SG2), or its specifice sur-
face area. For exemple, with an original sensitizer × prepared 
in the lab (patent pending), it is found that a material obtai-
ned by post-grafting of the photosensitizer on silica xerogel 
(SG2–X) presents a higher efficiency than the same material 
prepared by grafting during the sol-gel process (SG1-X), it-
self more efficient than the material obtained by inclusion of 
the photosensitizer in the xerogel (SG0-X). However the se
nsitizer × concentration decreases for these three materials in 
the order SG2>SG1>SG0 (27, 10 and 0,6 µmol g–1 respecti-
vely). Moreover, the increase of photosensitizer amount in 
the experiment leads to an increased efficiency. Comparing 
now different sensitizers, it is observed that SG0-DCA and 
SG0-X, prepared by inclusion of the sensitizer with roughly 
the same concentration (0,2 and 0,6 µmol g–1 respectively, 
gives the lowest efficiency. The most efficient material is an 
anthraquinone grafted material, SG2–ANT, with a much hi-
gher sensitizer concentration (250 µmol g–1). However, addi-
tional work is needed to further correlate the known quantum 
yield for 1o2 production and the inactivation order11.

Compared to DEGUSSA P25 TiO2, the efficiency of the 
photosensitizing materials is less important and a noticeable 
lag time before inactivation is observed. However the study 
of this type of catalysts to inactivate bacteria should be deve-
loped considering their potentiality to be activated by solar 
light.
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introduction
One of the most commonly used writing and drawing 

materials applied from the ancient times through Middle Ages 
until the modern times were the iron gall inks. In Europe they 
were highly used from the beginning of 11th century until the 
end of 20th century. The libraries and archives all over the 
world contain enormous amount of books (notes of Leonardo 
da Vinci), manuscripts, documents (US constitution propo-
sal) and musical compositions (scores of J. S. Bach), which 
were written with iron gall inks. 

For the preparation of iron gall inks, galls (from the che-
mical point of view these are polyphenols), vitriol (iron(II) 
sulphate), gum arabic, and as a solvent, water, sometimes 
wine, beer or vinegar were used. Sometimes pigments or 
copper (II) sulphate were added into these inks. The mixture 
of polyphenols with iron(II) sulphate contained complexes, 
which were in many cases dark coloured, while the black 
colour was the result of the exposure to air1. The manufactu-
red inks exhibited very low pH values and represented real 
danger of the damage for the carrier onto which they were 
applied. The chemical character of inks remained very impor-
tant due to the conservation problems and is very important 
for solving problems with the corrosion of the paper carrier. 
The damages included the browning of handwriting, the 
paper breaking, holes in carriers and the total loss of docu-
ments caused by the corrosion.

The important component that can influence the reaction 
between iron ions and phenolic acid is gum arabic, a binder 
used in the production of the ink. V. Rouchon Quilet observed 
in her work, that this binder might inhibit the degradation of 
the paper by iron gall inks2.

Several authors have studied the structure of iron gall 
pigments. Wunderlich assumed that formed complex contai-
ned iron octahedrally coordinated with six oxygen atoms in 
four molecules of gallic acid1. The iron chelation properties 
of phenolic acids are very important also for living organism. 
According to authors Mabrour J. et al., plants tannins, which 
were used also in the ink preparation were the mixtures of 
several compounds (tannic acid, gallic acid and ellagic acid) 
and with iron cations or other metal ions were able to create 
chelates that composed of 3 phenolic acid units attached to 
one iron ion.

The evaluation of the metal chelation properties of 
phenolic acid has been usually done by means of UV VIS 
absorption spectroscopy, analysing the shifts of UV bands of  
 

polyphenolic compounds and the formation of new bands in 
the visible region3.

Building on the knowledge about historical inks obtained 
from literature we prepared the model systems compound of 
gallic acid, ferrous sulphate and gum Arabic. We investigated 
the reaction of gallic acid with Fe(II) ions. The complex for-
mation in the solution on air and in nitrogen atmosphere was 
monitored by UV VIS spectroscopy. At the same time we 
monitored pH value of the solutions.

experimental
Gallic acid (3,4,5-trihydroxybenzoic acid) monohyd-

rate, p.a. and gum arabic, p.a. were obtained from Sigma-
Aldrich, ferrous sulphate (FeSO4

. 7H2O) was purchased from 
Lachema Brno (Czech Republic).

We followed the historical recipe to prepare the model 
inks.4 Prepared solution of gallic acid (3.6 × 10–4 mol dm–3) 
and ferrous sulphate (1.8–7.2 × 10–4 mol dm–3) in gum ara-
bic solution (1 g of gum arabic 100 ml–1 water) were mixed 
immediately before the measurement. The samples were clo-
sed in the quartz cell and stored in the dark.

The solutions for study of complex formation in nitro-
gen atmosphere were continuously bubbled with nitrogen gas 
for 15 minutes before mixing. After the addition of ferrous 
sulphate to gallic acid, the samples were saturated with nitro-
gen again and then closed in quartz cell.

The UV VIS spectra of gallic acid and the changes in the 
spectra after addition of ferrous sulphate were recorded on 
UV VIS spectrophotometer PU 8800 (Philips, United King-
dom). The UV VIS spectra were measured in the wavelength 
range of 200–800 nm vs. a reagent blank containing gum 
arabic at specified concentrations in the cell (length = 1 cm). 
The pH measurements were carried out on the digital pH 
meter (Jenway 3510, United Kingdom).

results
The UV VIS spectra of the colour complex occurrence on 

air were investigated in the solution of gum arabic (1 % wt.), 

Fig. 1.	 UV	Vis	 spectra	 of	 complex	 formation	 after	 the	 addi-
tion	of	feso4	to	gallic	acid	([feso4]0 = 7.2 × 10–4	mol	dm–3; [gal-
lic	 acid]0 = 3.6 × 10–4	mol	dm–3)	 at	 various	 time	 after	 mixing	 of	
components	(0,	30,	60,	120,	180	min)
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gallic acid (3.6 × 10–4 mol dm–3) and three concentrations of 
ferrous sulphate (1.8, 3.6 and 7.2 × 10–4 mol dm–3). The new 
absorbance band with maxima between 560 and 590 nm was 
formed after the addition of ferrous sulphate to gallic acid 
(3.6 × 10–4 mol dm–3) in gum arabic solution (Fig. 1.). This 
increase in absorbance indicated that gallic acid chelated iron 
and produced the complex that gives a colour absorbed in the 
visible range. The complex formation was slow and conti-
nued several hours up to several days, because the delimited 
reaction was the formation of unstable complex Fe(II) – gal-
lic acid, that was the first step in the formation of the colou-
red Fe(III) complex. Simultaneously we observed the bato-
chrome shift of absorbance maxima from 260 nm to 280 nm, 
immediately after the addition of Fe(II) ions and after 4 hours 
of the interaction of ink components (Fig. 1.). This shift 
could be caused by the structural changes in the gallic acid 
molecule as a consequence of the complex formation with Fe 
or the partial oxidation of gallic acid by the hydroxyl radicals 
produced via Fenton mechanism in the presence of Fe.

The experimental time dependencies (absorbance at 
560 nm) shown in Fig. 2. were fitted by a non-linear least-
squares method to the general exponential function (Scien-
tist, MicroMath), and the formal initial rate of the complex 
formation

was calculated using the evaluated exponential function para-
meters.5 The Fig. 2. showed that the highest rate was reached 
for the highest concentration of FeSO4. 

From Table I is evident that the initial rate of the com-
plex formation and absorbance maxima at 560–590 nm  
of solutions measured in the presence of air oxygen reached 
after 3 hours of complex formation decreased with decline  
of Fe(II) contents in the solution.

Parallely with the changes in the UV VIS spectra the 
differences in pH values of the solutions were observed. The 
regression in pH value occurred in the range of 4.6 to 4.1–4.3, 
but it was not strongly dependent on the amount of added 
FeSO4. The decline in pH value was caused by the produ-
ction of sulphuric acid that was released during the complex 
formation or by the oxidation of excess iron(II) sulphate by 
oxygen in air. 

The differences in UV VIS spectra were investigated 
in the same solutions in nitrogen atmosphere (Figs. 3., 4., 
Table I)), while the samples were bubbled with nitrogen gas 
only right after preparation, then closed in cell and repeatedly 
measured. In this case the flow of coloured complex forma-
tion was very similar to the ones with ratio FeSO4 : gallic acid 
2 : 1 and 1 : 1, while in both cases the significant slow down 
of reaction in the beginning was observed. After 60 min  
the significant rise of absorbance took place, the absorbance 
in visible region after 4 hours was in case of 1 : 1 ratio close 
to the value measured without nitrogen. As the solutions were 
not bubbled continually, we can assume that because of un-
tightiness diffusion of air oxygen into measuring cell could 
took place which caused creation of coloured complex. 

Fig. 2.	 increase	 of	 absorbance	 at	 560–590	nm	 after	 addition		
of	 feso4	 to	 gallic	 acid	 ([gallic	 acid]0 = 1.8 × 10–4	mol	dm–3)	
in	 solutions	 with	 various	 content	 of	 fe(ii)	 ions	 ([feso4]0	=		
7.2 × 10–4	mol	dm–3▲, 3.6 × 10–4	mol	dm–3■, 1.8 × 10–4	mol	dm–3♦) 
on	air.	

 (1)

Table I
The influence of initial Fe(II) concentration and atmosphere 
on complex formation ([gallic acid]0 = 3.6 × 10–4 mol dm–3, 
[gum arabic] = 1 % wt.); Rin – initial rate of complex forma-
tion; A3h – absorbance at 560 nm after 3 hours

 Fe : GA Rin [min–1] rcorrelation a3h

 2 : 1/air 0.00658 0.993 0.555
 1 : 1/air 0.00557 0.997 0.443
 1 : 2/air 0.00362 0.997 0.312
 2 : 1/n2 0.00075 0.997 0.343
 1 : 1/n2 0.00078 0.999 0.330
 1 : 2/n2   0.007

Fig. 3.	 UV	 Vis	 spectra	 of	 complex	 formation	 af-
ter	 the	 addition	 of	 feso4	 to	 gallic	 acid	 ([feso4]0	=	
7.2 × 10–4	mol	dm–3; [gallic acid]0 = 3.6 × 10–4	mol	dm–3)	 at	 vari-
ous	 time	after	mixing	of	components	 (0,	30,	60,	120,	180	min),	
bubbling	with	n2	only	immediately	after	prepaeration.
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In sample with access of gallic acid the creation of colou-
red complex was not observed. In this sample also change 
in pH during reaction did not occurred, while we observed 
decrease of pH approximately about 0.2 unit in the first two 
samples. 

So that inert atmosphere was not damaged, all three 
observed samples were bubbled with nitrogen not only 
before start of measurement, but also between individual 
measurements. (Fig. 5) In this case only minimal changes of 
absorbance in visible region during measurement were deter-
mined. The absorbance in sample with the highest content of 
Fe(II)ions increased about 0.011 during 4 hours, in sample 
with equimolar content of components about 0.004 and in 
last sample it did not changed. Coloured complex is not cre-
ated without presence of oxygen. 

conclusions
The use of UV VIS spectroscopy positively indicates the 

complex formation due to the absorbance increase at 650 nm 
and is suitable for the complex stability testing. The complex 
formation is most effective in solution with excess of Fe(II) 

ions. The reduction in the concentration of Fe(II) ions in the 
solution causes the retardation of the complex formation.

The complex formation in inert atmosphere is strongly 
decelerated considering its formation on air, the role of oxy-
gen is determining for colour complex formation.
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VEGA (project VEGA 1/0800/08) and project MVTS COST 
D42/08
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introduction
Iron gall inks applied on documents represent serious pro-

blem regarding conservation and preservation of documents. 
Problem is frequently caused by different kinds of materials 
and recipes used for ink preparation. Quantitative ratio of ink 
main components – gallic acid and ferrous sulphate – was 
considerably different for particular recipes. Chosen 104 his-
torical recipes from 15th–19th century contained more iron as 
was necessary for creating of colour complex1, some of them 
even contained hydrochloric acid or sulfuric acid to reach 
instant colouration and to improve solubility of pigments2. 
In 18th century it was discovered that inks with the best qua-
litative properties were with the ratio of gall (source of gallic 
acid) and green vitriol (Iron (II) sulfate heptahydrate) 3 : 1.  
If the ratio for FeSO4 increases, ink is instable3. In 19th cen-
tury the unification of manufacture methods of iron gall inks 
was noticed. Recipes contained only pure compounds – fer-
rous salts and gallic or tannic acids mixed in stechiometric 
ratios. 

The aim of this work was to investigate changes of paper 
with applied iron gall ink under accelerated ageing for diffe-
rent molar compositions of main components.

experimental
Six inks (listed in Table I) with different ratios of gal-

lic acid (Sigma – Aldrich Lambda Life) and ferrous sulphate 
(Lachema Brno) and constant amount of additives – gum 
Arabic (Sigma – Aldrich Lambda Life) and sodium benzoate 
(Lachema Brno) were prepared. Inks were applied on paper 
Whatman (Whatman Laboratory Division, Maidstone, En-
gland, Cat No 1001917, mass per area 90 g m–2, pH 7) by 
immersing in solution, removing extra liquid using filter 
paper and roller with constant pressure; the mass per area 
addition was 7.35 g m–2. After drying on air samples were 
conditioned at 23 °C and RH 50 % during 24 hours. Con-
sequently accelerated ageing was applied in covered bottles 
at 90 °C at different times 1, 4, 8, 14, 24 hours4. Following 
chemicals and devices were used for experiments and measu-
rements: cupri-ethylene-diamine (Sigma – Aldrich), capillary 
viscosimeter according to norm ISO 5351/1 for determination 
of limit viscosity number, device for thermal analysis Mettler 
Toledo, optic fiber spectrophotometer HR 4000 CG (Ocean 
Optics Inc.), spectrophotometer SpectroDens A504009 Pre-
mium (Techkon).

results
Changes of physical and chemical properties of prepa-

red samples caused by accelerated ageing were investigated. 
Attention was focused on estimation of degree of polymeri-
zation of a carrier material (method of limit viscosity number 
determination), determination of rate constant of depolyme-
rization and thermal analysis – estimation of thermal stabi-
lity. Using spectrophotometry in VIS/NIR area we tried to 
determine the course of degradation of inks. Colour changes 
of inks were also monitored.

The degree of polymerization (DP) of samples was 
determined viscometrically using cupri-ethylene-diamine 
as a solvent5. Degree of polymerization was calculated from 
viscometric data using Mark-Houwink-Sakurada equation 
with the constants (a, K) according to6,7. rate constants “k” 
of degradation of paper samples was calculated by least squa-
res fitting of the plot DP vs. time using Ekenstam equation for 
degradation of linear polymers8.

(1/DPt) – (1/DPo) = k . t, (1)

where DPt and DPo are degrees of polymerization at the 
beginning of ageing and after time “t” of ageing, respecti-
vely.

The degree of polymerization during ageing in all 
cases decreased and differences were in between 1,500–900 
(Fig. 1.). Decrease of DP of AT1–AT6 was much more con-
siderable as of only paper Whatman. As Fig. 2. showed, 

Table I
Composition of iron gall inks

 Ink Gallic acid, GAL FeSO4 Ratio Fe : GAL  [mol dm–3] [mol dm–3]
 at1 0.10 0.00 0
 at2 0.08 0.02 0.25
 AT3 0.06 0.04 0.67
 AT4 0.04 0.06 1.5
 AT5 0.02 0.08 4
 at6 0.00 0.10 –

Fig. 1. Decrease of polymerization degree during ageing; 
whatman	in	comparison	with	samples	at2	and	at4	(by	eken-
stam	equation)
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depolymerzation rate was considerably higher for samples 
AT3, AT4 and AT5. Inks with molar ratio greater or equal 
to 0.67 were destructing substrates faster than others. Inks 
which didn’t contain any of complex components (AT1, AT6) 
weren’t so aggressive to paper.
Basis of thermogravimetric analysis (TGA) consisted of 
warming of samples with constant rate according to con-
trolled temperature programme in inert N2 atmosphere and 
monitoring of the weight changes as a function of tempera-
ture (TG curve). Differences in material weight as a function 
of temperature and proportion of this change represented 
thermal stability of material. Samples with no ageing and 
maximum time of ageing were measured. Fig. 3. represented 
dependency of decay temperature Td on ink composition and 
it showed that increasing content of iron decreased thermal 
stability of samples (lower value of Td means that degrada-
tion takes course earlier).

Series of dependencies of Kubelka-Munk function 
(reflectance, KM) on wave number (λ) were obtained by 
measuring spectra in area 380–1,050 nm (VIS/NIR) of paper 
samples with applied iron gall inks with different ratio of 
gallic acid and iron for all chosen times of ageing. For eva-
luation of KM spectra method of factor analysis was used8. 
As a first step analysis of main components was done and 

number of linear independent components in spectra was 
determined. These components correspond to chemical indi-
viduals that manifested in measured spectra. Analysis of 
main components was performed using CVD-TFA method 
(method of cross verification using factor analysis)9. series 
of all spectra (non-aged and aged for all times) composed 4 
independent components, series of spectra for non-aged sam-
ples represented 3 independent components, series of spectra 
for maximum ageing time (24 hours) represented 3 indepen-
dent components and combined series of spectra compo-
sed of maximum aged and non-aged samples represented 4 
independent components. The most probable explanation for 
these results was that in spectra of non-aged samples existed 
3 chemical components, during ageing occurred formation 
of one new component and another was vanishing. In series 
of spectra of maximally aged samples occurred 3 chemical 
components. This method however didn’t allow identify their 
composition.

Regarding colour axis of colour space L*, a*, b* were 
measured and recalculated to C* characterizing chroma 
of colour and h* representing hue angle (quality of satura-
tion). Total colour difference was calculated from values  
L*, a*, b* and represented differences between aged and ori-
ginal paper samples. Total colour difference increased accor-

Fig. 2.	 rate	constants	of	degradation	vs. ratio Fe : GAL (AT1 
–at6)

Fig. 3.	 dependence	of	temperature	of	decomposition	on	molar	
ratio of Fe : gallic acid. Samples after 24 hours ageing
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ding to ageing and in maximum time values total colour dif-
ference was in range 3–15 (Fig. 4.). Samples with inks AT4 
and AT5 were the most inferior to ageing, the values of colour 
difference of inks AT1–AT3 and AT6 were acceptable (max.
value 4). On the basis of these results regarding influence  
of ink composition on optical properties of samples it could 
be assumed that higher ratio of iron to gallic acid caused more 
considerable changes in colour of samples.

According to analysis of axis changes in colour space 
interesting behavior of lightness (L*) was observed. From the 
beginning value L* was slightly decreasing for all samples 
then break occurred and lightness started to increase (Fig. 5.). 
It could be caused by initial ink colouration (complex forma-
tion) on substrate which turned into bleaching (degradation 
of pigment structure). Chroma (C*) gradually slightly decrea-
sed (saturation was decreasing), value of hue angle of colour 
tone (h*) wasn’t changing noticeably during ageing.

conclusions
According to results it could be assumed that inks with 

ratio of iron:gallic acid greater than 0.67 behaved consi-
derably destructive on paper substrate which proved negative 
effect of extra iron in writing inks.

This work has been supported by Ministry of Education 
of Slovak Republic – project Kniha.SK and Slovak Grant 
Agency VEGA under the contract No 1/0800/08.
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introduction
Nowadays, digital photography is the mainstream pho-

tographic technology. It is not a new concept, it was invented 
by Sony in 1981, but it has taken approximately 20 years for 
the technology to develop into the mainstream business that 
it is today.

Inkjet printing has become one of the major imaging 
technologies used in digital printing applications. The versa-
tility of inkjet has led to an ever increasing number of appli-
cations for this technology. Inkjet has now diversified into 
the business/network, wide format, photo realistic and textile 
printing applications. These require better image durability 
in order to provide a print performance as good as existing 
photographic, lithographic, screen or offset printing techno-
logies. For many of these applications the print must be stable 
for many years for archiving or the preservation of an image 
exposed to the environment. The light stability of prints is 
of particular importance and the improvement of the photo 
stability of inkjet prints is an important goal1,2.

This paper describes the various factors that affect the 
permanence of inkjet printouts. Accelerated test methods are 
described with respect to past and current standards that are 
widely used in imaging industry.

image	Permanence	Light	fastness	tests
Standardized image permanence tests serve a number of 

important purposes:
to provide guidance to consumers in selecting the lon-
gest-lasting materials which otherwise meet their needs 
in terms of cost, image quality, print size and conveni-
ence,
to provide printer, ink, and paper manufacturers’ research 
& development departments image permanence test 
methods to help evaluate and improve the longevity of 
future products,
to enable manufacturers to understand their position in 
the marketplace relative to their competitors,
to provide manufacturers image permanence data for 
use in promoting their products to customers,
to provide museums and archives with data concerning 
the true stability properties of the imaging materials in 
their collections so that right conditions of the duration 
of display and storage can be implemented to achieve 
long-term preservation of the materials in their original, 
unchanged form.

There are several approaches for determining the light 
fastness of printouts. The simplest and most realistic would 

•

•

•

•

•

be to expose the print sample to actual daylight. This would 
indicate true lifetime of the printouts under real time con-
ditions. However, there are many problems associated with 
such methods as the time taken to achieve results. The alter-
native, accelerated exposure testing methods have become 
well established allowing reproducible results to be produced 
in short time scales. Various standard procedures are availa-
ble for accelerated ageing which detail sample type and pre-
paration, equipment, exposure conditions, measurement and 
evaluation of the results2,3.

A t t i t u d e  t o  E v a l u a t i o n  o f  I n k j e t 
L i g h t  F a s t n e s s  T e s t s

There were two main types of progress in evaluation of 
inkjet printouts light fastness tests. The first used the existing 
standards for photographic materials and continued tracking 
changes of light fastness with densitometric measurements. 
Status A (for transparencies and reflection prints) and Sta-
tus M (for negatives) densitometric filter sets were optimized 
for specific colorant systems of photographic materials. The 
second way tried to use evaluation of light fastness tests of 
textiles and dyes with simultaneously tested blue wool refe-
rences. Light fastness was evaluated by noting on the scale of 
blue wool standards and rating the standard which has under-
gone a similar change to that of the print specimen4,5.

H i s t o r y  o f  A c c e l e r a t e d  A g e i n g 
M e t h o d s

First ANSI standard for testing the permanence of color 
photographs was ANSI PH1.42–1969 – American National 
Standard Method for Comparing the Color Stabilities of Pho-
tographs. This standard did not contain “predictive” tests that 
could be reported in terms of years of display or the years 
of storage under specified conditions. It specified a series of 
comparative tests, including a 5.4 klx glass-filtered xenon arc 
test to simulate indoor display. It also included tests to simu-
late use in slide projectors, fluorescent viewers and direct 
sunlight through window glass. This early standard specified 
starting densities of both 1.0 and 0.5. It never achieved signi-
ficant use and during the 1980’s was more or less abandoned 
by manufacturers as well as independent labs3.

ISO 2835: Prints and Printing Inks – Assessment of Light 
Fastness was published in 1974. It also did not contain “pre-
dictive” tests but it described an outdoor glass-filtered day-
light test of printouts together with a standard range of eight 
blue dyes on wool cloth. For accelerated tests it recommen-
ded high pressure xenon lamps, light sources with spectral 
energy distribution very different from daylight were not per-
missible. Light fastness was evaluated using grey scale for 
assessing changes in color and blue wool references5.

ANSI IT9.9–1990 – American National Standard for 
Imaging Materials – Method for Measuring was published 
in 1990. This document specified five comparative tests for 
light fading stability. The light fading tests included both 
6.0 klx glass-filtered cool white fluorescent and xenon arc 
tests to simulate indoor display conditions. Cautions were gi-
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ven with regard to possible reciprocity failures in accelerated 
light stability tests, and it was recommended that tests also be 
conducted at 1.0 klx to asses this problem. A single starting 
density of 1.0 was specified, but like the previous ANSI stan-
dard (PH1.42–1969), it did not specify limits of acceptability 
for dye fading, color balance shift, or stain formation. These 
important factors were left to the user to determine.

Described ANSI standard (IT9.9–1990) was adopted 
with little change by ISO in 1993 as ISO 10977:1993 – Pho-
tography – Processed Photographic Colour Films and Paper 
Prints – Methods for Measuring Image Stability. Light sta-
bility test methods were almost the same. Five light stability 
tests were described: 6 klx simulated indoor indirect daylight 
test through window glass (xenon arc lamp), 6 klx glass-fil-
tered fluorescent room illumination test, 3 klx incandescent 
tungsten room illumination test, 100 klx simulated outdoor 
sunlight test (xenon arc lamp) and intermittent tungsten-
halogen lamp slide projection test. 1 klx test for determining 
reciprocity failure exhibition of materials was recommen-
ded too3,6. Standard window glass was specified by relative 
spectral transmittance of float glass, together with relative 
spectral distributions of light sources used in light stability 
test methods (Fig. 1.).

In xenon arc simulated outdoor sunlight test light/dark 
cycles were recommended to provide good correlation with 
results obtained in some outdoor tests. The sample tempera-
ture during both cycles was mentioned too. 

ANSI IT9.9–1996 replaced the further ANSI standard 
from 1990. It continued to specify a 6.0 klx illumination level 
for indoor light stability tests, and also specified a single star-
ting density of 1.0(ref.3). In the same year an important docu-
ment was published: ISO 13655:1996 – Graphic Technology 
– Spectral Measurement and Colorimetric Computation for 
Graphic Arts Images. This standard defined a methodology 
for reflection and transmission spectral measurement and 

colorimetric parameter computation for graphic images7.  
It did not interest in light fastness tests factually, but the 
methodology defined here was used for evaluation of color 
changes in these tests later.

In 1997 first edition of ISO 12040:1997 – Graphic Tech-
nology – Prints and Printing Inks – Assessment of Light 
Fastness Using Filtered Xenon Arc Light was published. The 
method for evaluating light fastness using blue wool refe-
rences corresponded with the method given by ISO 2835. It 
described an accelerated test method by specifying the light 
source and filters for daylight simulation as well as exposure 
of the test samples to artificial daylight8.

Other documents dealing with theme of printouts acce-
lerated tests were ASTM standards. ASTM D 3424 – Stan-
dard Test Methods for Evaluating the Relative Lightfastness 
and Weatherability of Printed Matter was published in 1998 
and revised in 2001. It described a series of lightfastness tests 
using natural or artificial light sources. Accelerated tests were 
constructed to simulate outdoor weathering, daylight through 
window glass (both xenon arc apparatus and enclosed car-
bon-arc apparatus) and indoor lighting in combination with 
window filtered daylight (fluorescent lamp). Illumination 
conditions were described in W m–2 nm–1 at specified wave-
length value (340 nm) for xenon arc lamp or in Wh m–2 for 
fluorescent lamp apparatus9.

 In 2005 ASTM F 2366 – Standard Practise for Deter-
mining the Relative Lightfastness of Inkjet Prints Exposed to 
Window Filtered Daylight Using a Xenon Arc Light Appara-
tus was brought out. It recommended conditions of the test: 
an irradiance level of xenon arc lamp, the temperature (black 
panel or chamber air) and relative humidity. It also described 
the evaluation of changes in color and optical density in the 
printed samples. Color changes were determined either visu-
ally by comparison with the unexposed specimens or instru-
mentally by comparison with the color of the same specimen 
prior to exposure and reported as color difference, ∆E*

ab (1).
* * 2 * 2 * 2
abe ( ) ( ) ( )L a b∆ = ∆ + ∆ + ∆  (1)

Using of spectrophotometer or colorimeter with the CIE 
1964 (10°) Supplementary Standard Observer and Standard 
Illuminant D65 or the CIE 1931 (2°) Standard Observer and 
Standard Illuminant C was suggested9,10.

The last mentioned document is ISO 18909: 2006 – Pho-
tography – Processed Photographic Colour Films and Paper 
Prints – Methods for Measuring Image Stability which was 
published in 2006. It replaced the further ISO standard (ISO 
10977) and continued in inconvenient densitometric evalua-
tions of inkjet printouts.

E v a l u a t i o n  M e t h o d s  P r o g r e s s
Modern digital printing systems employ a wide variety 

of pigment or dyebased colorants with markedly different 
spectral properties, and some use more than cyan, magenta, 
yellow, and black colorants to achieve enhanced color gamut 
and improved continuous tone properties. 

Fig. 1. Illuminants and glass window specification: cool white 
fluorescent lamp F-6, incandescent tungsten CIE illuminant A, 
outdoor	daylight	cie	 illuminant	d65,	 indoor	 indirect	daylight	
id65	and	relative	transmittance	of	standard	window	glass
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In the current digital era of highly diverse colorant sets, 
even within a single technology class such as inkjet materials, 
we can no longer rely on reasonable consistency of neutral 
gray patch fabrication based on specified densitometric aim 
points. Additionally, the historical ANSI and ISO test methods 
only tracked losses of density from a single initial aim point 
of 1.0, although more starting aim points were allowed. The 
traditional dyebased chromogenic systems lost density uni-
formly across their full tonal scale, resulting in a more or 
less parallel shift (light fade) or linear slope change (thermal 
ageing) over the majority of the densitometric curve. 

Today, this type of performance cannot be assumed. Ca-
talytic fading, non-uniform printed dot dispersions and using 
three, four, six, seven, eight (or more) ink colorant sets with 
different blending levels means that the full tonal scale per-
formance cannot be reliably inferred from measurements of 
just one or two initial density points, the full tonal scale beha-
vior should be evaluated. Densitometry is no longer wholly 
appropriate method for measuring image quality of modern 
imaging systems4.

While densitometry has long been the process control 
data of choice for the photo finishing and printing industries, 
the digital imaging market is now rapidly embracing a color-
managed workflow. It is based on colorimetric characteriza-
tion of monitors, printers and scanners. With regard to these 
facts it is better to produce samples for pictorial image quality 
studies using colorimetric methods rather than densitometric 
methods.

Some concerns have been raised that ∆E*
ab says 

something about magnitude but not direction of color change. 
However, to generate color change one must collect the LAB 
data, and thus direction of change results are available if one 
desires to examine these trends.

conclusions
Lightfastness tests are important guides in the area of 

material durability. They help both manufacturers and con-
sumers to find out, make or buy a high-quality product. High 
requirements for information about inkjet print durability 
resulted in efforts to make the predictive test methods. Acce-
lerated ageing tests are trying to answer these requirements. 
Nowadays, xenon arc lamps are predominantly used to simu-
late outdoor illumination or daylight filtered through window 
glass and white fluorescent lamps to simulate indoor illumi-
nation conditions. One have to be careful about possibility of 
the accelerated light stability tests reciprocity failures.

The testing and measurement of image stability is a very 
complex science. Standards provide recommendations and 

guidance on interpreting and using test data generated by the 
testing methods. However, these are only general recommen-
dations and guidance because images in general have a wide 
range of stability requirements based on intended application, 
and are stored or displayed under a vast range of conditions.

As we work more and more with non-traditional pho-
tographic media (inkjet), using densitometry may lead to 
results that do not correlate well with actual pictorial image 
changes. Nowadays, attention is given to using the colorimet-
ric characterization of image quality studies. There are some 
problems about CIELAB data evaluating, but new models of 
the colour difference are still being developed.

This work has been supported by project MSM0021630501 
from Ministry of Education, Youth and Sports, Czech  
Republic.
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introduction
Visibility and recognisability of text is the key factor, 

influencing the information intake from printed media, bill-
boards and other sources. As follows from several recently 
published papers, its importance is still increasing with the 
development of new technologies of spreading out the infor-
mation (e. g., internet or cellular phone technology). On the 
other hand, a lack of attention is paid to the text visibility and 
recognisability, as only few published papers deal with an 
objective method for its determination/evaluation, respecti-
vely until present.1–9

The background/foreground colour contrasts, as well as 
the luminance of carrier are considered to be the key factors 
with significant impact on text visibility and recognisability. 
Further on, the visibility and recognisability of achromatic 
documents influences besides the previously mentioned also 
the following visual factors: letter size and style, text effects 
used, screen resolution, and, additionally, adaptability of rea-
der/observer on the text displayed on screen.

The development of objective method for visibility and 
recognisability evaluation and prediction is of great impor-
tance. It can be later on applied for further paper quality 
controlling/improvement process, to affect the preferences 
of printing offices (to use paper of certain grades and lumi-
nance); for paper recyclation processes optimization; dea-
cidification, modification, coating, encapsulation, scission 
or different conservation technologies; effect of processes of 
deacidification of old books and archive documents; and last 
but not least, to improve the communication between paper-
making and printing industry and their clients/customers.

In order to obtain the objective valuable method for visi-
bility and recognisability evaluation, it is important to find 
unambiguous answers on the question of the dependence or 
mutual correlation between subjective assessment of visibi-
lity and recognisability and the objective foreground/back-
ground contrast measurement, keeping the letter size and 
style constant. Additionally, the impact of carrier ageing, e.g., 
paper acidic hydrolysis induced destruction, as well as the 
influence of modern developed deacidification and stabiliza-
tion procedures applied for the historical/archival document 
conservation and protection10, on their visibility and reco-
gnisability is still not satisfactory proven and verified.

The aim of this work is to determine the influence of 
contrast between text character and background (foreground/
background optical contrast) and other factors on monochro-
matic text visibility and recognisability and to present new 
valuable method of its evaluation from simultaneous compa-
rative subjective (human observers) and objective (spectro-
photometric) measurements of optical contrast. Moreover, 
we propose here the objective method for the determination 
of visibility and recognisability of documents and its predic-
tion in aged documents in respect to all previously mentioned 
significant objective factors.

experimental
S a m p l e s  C h a r a c t e r i s a t i o n

Commercial white office paper Maestro was used in 
all experiments. Sets of randomly generated standard black 
colour letters of Latin alphabet (size, 12 pt; style, Times New 
Roman regular (Microsoft Office® 2003)) creating the strings 
of constant length, printed using commercially available 
colour printer, (nominal resolution, 600 DPI) were printed 
out on paper sheet. Standardized black letters are defined in 
CIE L*a*b* system as follows:

L*
c = 30.668, a*

c = 0.714, b*
c = –0.18 (1)

S u b j e c t i v e  V i s i b i l i t y  a n d 
R e c o g n i s a b i l i t y  E v a l u a t i o n

observers
Ten undergraduates of an average age of 20 years with 

standard visual acuity and correct colour recognisability 
without any previous experiences with such type of testing 
were used as observers. Five sets of randomly generated text 
strings of identical length were used during the measurement 
with one observer. The character of strings excluded the 
factor of potential learning process.

fig.	1.	 an	example	of	the	text	string	used	in	visibility	and	reco-
gnisability tests. (Contrast: background 0 % Bb,ms	 word,	 text	
100	%	Bb	ms	word).

Typical set of generated text string is shown on Fig. 1. 
Two trained observers moreover estimated the distinction in 
borders using the method of magnitude estimation as previ-
ously suggested in ref.1. Observers were tested to the ability 
to correctly recognize (read) 10 randomly selected letters 
from the generated strings for each contrast scale (Table I).

Evaluation of the influence of document contrast on 
its	visibility	and	recognisability

Psychophysical method was used to measure the num-
ber and percentage of correctly recognized characters (Rs) at 
the same background/foreground contrast of documents:
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Observers were asked to recognize 10 randomly selected 
characters from different text strings for each contrast between 
text characters and background. The distance li (cm) between 
the observer and text was changed continuously either to the 
distance l100,i at which still 100 % of the text was recogni-
zed correctly, or to l0,i, with 0 % of correctly recognized let-
ters. Using this approach, the dependence of correctly reco-
gnized letters on the distance for each colour contrast was 
obtained. The so obtained “absolute” individual visibility 
and recognisability functions RS,i = f (l’) was normalized, in 
order to minimize the influence of external factors (e.g., light 
direction, source or intensity). Each li value was related to 
the value of l100, obtained for the text string written on 100% 
white background (0 % Bb, MS Word, Table I). The so-obtained 
values of l’i were used for the contrast dependent visibility 
and recognisability evaluation.

O b j e c t i v e  V i s i b i l i t y  a n d 
R e c o g n i s a b i l i t y  E v a l u a t i o n

The same text samples as utilised in subjective visibi-
lity and recognisability tests were analysed by commercially 
available spectrophotometer Minolta CR 200. CIE colour 
parameters L*, a, and b for both, text characters (L*

C, aC, bC) 
and for background (L*

B, a*
B, b*

B, using the cylindrically 
shaped gape collector (gape size, 3 mm) without any filters 
and software correction applications. From these values the 
colour difference ∆EC–B between the text and its background 
as a basic evaluation parameter was calculated using the fol-
lowing equation:

2**2**2** )()()( BCBCBCBC bbaaLLE −+−+−=∆ −  (2)

S t a t i s t i c a l  A n a l y s i s  a n d  D a t a 
C o r r e l a t i o n

The dependencies of l’i and ∆EC–B on text visibility and 
recognisability as well as the mutual correlation between 
these parameters were fitted to the proper mathematical fun-
ction using the non-linear regression analysis. The statistical 
parameters of the calculation procedure (R squared, coeffici-
ent of determination and correlation, P) serve for the quality 
of correlation consideration.

results
Typical dependence of averaged visibility and reco-

gnisability on relative distance from an object, obtained for 
different background/foreground contrasts (∆EC–B) from 
typical observers, is depicted on Fig. 2. For the better visuali-
zation of the text recognisability dependence on foreground/
background contrasts, the obtained dependencies for each 
contrast were averaged and the maximum achieved distance 
at which just the 100% successful recognisability was achie-
ved (l100%) at each contrast value was evaluated. As we have 
found, the continuous background “darkening” causes the 
gradual luminance decrease. We moreover found, that text 
visibility and recognisability increases significantly in the 

range of Bb, MS Word % <10–30>, in comparison to pure white 
background. 

The further addition of black colour (% Bb, MS Word) into 
background does not influence the text visibility and reco-

Table I
A set of different background/foreground contrast, ΔE val-
ues obtained from (2), and subjective evaluation of the same 
colour system. The different contrasts between background 
and printed text (foreground) were achieved using Microsoft 
Office Word® 2003 software grey scale, setting the ratio of 
black colour (Bb, MS Word) to 0 % (100 % white); 5 %; 10 
%; 20 %; 30 %; 40 %; 50 %; 60 %; 70 %; 80 %; 90 %; 95 %; 
and 100 % (totally black), respectively, as it is listed bellow

F	G	H	I	J
F	G	H	I	J
F	G	H	I	J
F	G	H	I	J
F	G	H	I	J
F	G	H	I	J
F	G	H	I	J
F	G	H	I	J
F	G	H	I	J
F	G	H	I	J
F	G	H	I	J
F	G	H	I	J
F	G	H	I	J

	 Background Blackness 
 shading set by Bb MSWord®

 ΔEC–B
 ΔEC–B, visual

 MS Word® [%]  evaluation
 Software

	 100 0.0 negligible
 95 6.1 significant
 90 8.2 great
 80 15.7 considerable
 70 20.4 considerable
 60 28.3 considerable
 50 36.5 considerable
 40 40.6 considerable
 30 48.0 considerable
 20 53.1 considerable
 10 60.2 considerable
 5 64.5 considerable
 0 64.7 considerable

Fig. 2.	 the	 dependence	 of	 text	 recognisability(rs; %) on the 
relative distance from observer (ľ; m), evaluated from visual test 
for	different	colour	contrasts	Bb,	ms	word
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gnisability in any way, as the maximum distance for 100% 
correctness of reading is in fact, the same as if the text is 
printed on white background (0 % Bb, MS Word). As a result 
of additional darkening, the visibility and recognisability 
and correctness of text recognition dramatically decreases 
and at 95 % Bb, MS Word, which is in fact, almost pure black 
background of similar hue and saturation as the text in fore-
ground, the correctness fallen down close to zero. 

The dependence of visibility and recognisability on text 
background is better visible, when the relative distance, Rs, is 
plotted versus the foreground/background colour difference 
∆EC–B, evaluated from spectrophotometric measurements, as 
it is clearly depicted on Fig. 3. for the same observer. The 
opinion that text recognisability is in linear dependence to 
the optical contrast, is widely spread out. In contrary to this 
assumption, we found that the dependence between the visual 
subjective recognisability/visibility and recognisability and 
optical contrast ∆EC–B is not linear in the whole range of ∆EC–

B, as is finally clearly demonstrated on Fig. 3. (theoretical 
course 1). At lower ∆EC–B (up to 30%) the linearly growing 
dependence of visibility and recognisability on colour con-
trast is observed, while on the contrary at higher ∆EC–B the 
saturation of text visibility and recognisability is observed, or 
the visibility and recognisability slightly decreases. 

From the data presented on Fig. 3., the region of impro-
ved recognisability might be delimited. At optical contrast 
e.g., ∆EC–B = 64.7, L*

B = 93.2 and Bb MSWord = 0 % the value 
of relative visual recognisability/visibility and recognisability 
reaches the value RS = 0.983. If the optical contrast decrease 
of e.g., to ∆EC–B= 53.1, the Rs value increased to the value 
of 1.02. It means that in spite of lowered optical contrast 
between the foreground text and background, reader/obser-
ver is able to recognize the printed character from the longer 
distance than at higher optical contrast. 

Data obtained in subjective visibility and recognisability 
tests served for the re–calculation and transformation of optical  

colour difference (∆EC–B) on the objective optical-device pre-
dictable visual recognisability/visibility and recognisability, 
expressed by the following mathematical equation:

0.872
56.41

56.4
C B

S

ER −
  ∆ −

= −  
   

,
 

(3)

which correlates well with experimental data. As follows 
from the data presented, change in relative recognisability 
is significantly dependent on the initial optical contrast, i.e. 
on the optical contrast of non-modified document.

conclusions
Based on the results presented, we can conclude that 

the visibility and recognisability of text printed on white 
background (i.e., freshly produced paper just after the indu-
strial whitening), is even worse than those, printed on grey 
or shaded papers. This fact can find effective application 
in paper recycling industry, which is nowadays of growing 
importance, with one of the key problems of recycled paper 
whitening without the influence on its mechanical or physical 
properties. 

The evaluation of text visibility and recognisability 
of printed documents based on both subjective and obje-
ctive assessment is presented in this paper for the first time. 
Objective easy-to-use methods of paper visibility and reco-
gnisability evaluation based on tristimulus values measure-
ments are presented, based either on the relative visibility 
and recognisability and optical contrasts or on their relative 
indexes dependencies, respectively. As follows from results 
presented, the dependence of recognisability and visibility 
of printed text on respective background optical contrast 
has not the linear character, i.e., the higher optical contrast 
(“white background”) can even make the visibility and reco-
gnisability of text worse than that printed on lower contrast 
background.

This work was supported by the Project of Ministry of 
Education of the Slovak republic, No. 661/2003 (Preserva-
tion, Stabilization and Conservation of Traditional Informa-
tion Supports in the Slovak Republic. Dr. Martin Polovka from 
VUP, Food Research Institute is gratefully acknowledged for 
his critical comments and suggestions to this work.
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introduction
During recent years environmental problems play 

an important role in the applications of titania pigments. 
These include the use of their photocatalytic behavior in the 
development of self-cleaning surfaces for buildings, i.e. anti-
soiling and antifungal growth and NOx emissions reduction. 
In terms of self-cleaning paints, the idea is to limit the oxi-
dation and chalking of the paint film to the very near surface 
layers such that over time with weathering rain water will 
wash the top layer leaving an underlying clean fresh surface. 
In this regard, mixtures of pigmentary rutile and nanoparticle 
anatase pigments appear to provide the best option, with the 
former inducing some level of base stability, whereas the pre-
sence of the latter gives rise to surface activity1.

It is well known1 that photocatalytic paints should con-
tain two types of titania at minumum, pigmentary grade rutile 
serving as effcetive UV filter and nanocrystalline anatase 
serving as the photocatalytic component responsible for the 
photocatalytic function of the paint. Whereas the function of 
the pigment grade rutile in paints is well known and long 
time experience exists with this kind of material, the effect 
of nanocrystalline anatase is much less investigated till now. 
We expect that this kind of material should possess high pho-
tacatlytic activity and should be easily dispergable in the paint 
medium. We suppose that these demands should be fulfilled 
by anatase with particle size below ~ 80 nm or anatase/rutile 
mixtures with the same particle size. The synthetic procedure 
should be acceptable from environmental point of view and 
should be technologically viable at acceptable price.

experimental
S y n t h e s i s  o f  H y d r a t e d  T i t a n i a  G e l 
S a m p l e s 

Aqueous solution of titanyl sulphate containing 33 g dm–3  
of TiOSO4 was slowly neutralized with 26% aqueous 
NH3 melting ice bath under stirring with magnetic stirrer;  
the desired pH was achieved within 20 min. After the pH was 
reached, the suspension was stirred for additional 30 min. 
The obtained precipitate was filtered off and repeatedly 
dispersed in water until no anions were detected. Finally,  
the product was washed out with distilled water and isopro-
pyl alcohol and dried at 40 °C in air. The samples denoted  
as AP and RP were prepared by adding of equimolar amount 
of 26% aqueous NH3 to the tioso4 solution at 80 °C; more-
over, the RP sample contains also 5 % of rutile nuclei.

C h a r a c t e r i z a t i o n  M e t h o d s
In order to assess photocatalytic properties of the cata-

lysts, kinetics of 4-chlorophenol (4-CP) decay in an aerated 
aqueous suspension of photocatalyst was measured. The ir-
radiation experiments were performed in a home–made labo-
ratory photoreactor. Probes of irradiated suspension (1 ml) are 
taken at desired irradiation times and analyzed by HPLC. The 
HPLC experiments were run on a Merck device with L-6200 
Intelligent Pump, L–3000 Photo Diode Array Detector and 
D–2500 Chromato-Integrator. Mobile phase methanol/water 
(2 : 3, v/v) and a Merck column LiChro-CART 125–4 filled 
with LiChrosphere 100 RP–18 (5 mm) were used. Injection 
loop was 20 ml, and a flow rate of 1 ml min–1 and detection 
wavelength of 280 nm was applied2,3.

Structural morphology of the samples was revealed by 
SEM (scanning electron microscopy). A Philips XL 30 CP 
microscope equipped with EDX (energy dispersive X-ray), 
Robinson, SE (secondary electron) and BSE (back-scattered 
electron) detectors was used. TEM observation was carried 
out on a JEOL JEM 3010 microscope operated at 300 kV 
(LaB6 cathode, 1.7 Å point resolution) with an EDX (energy 
dispersive X-ray) detector attached. Samples were reground 
in agate mortar, the powder was dispersed in ethanol and the 
suspension was treated in ultrasound for 10 min. A drop of 
very dilute suspension was placed on a carbon-coated Cu grid 
and allowed to dry by evaporation at ambient temperature. 

Powder X-ray diffraction (XRD) was used for monito-
ring the phase composition of the samples. Unit-cell para-
meters, crystallite size, and weight fractions of phases were 
calculated by the Rietveld method. X-ray powder diffraction 
of annealed samples was performed on a Siemens D5005 
diffractometer (Bruker AXS, Germany) using Cu Ka radia-
tion (40 kV, 30 mA) and a diffracted beam monochromator. 
Qualitative phase analysis was performed with High Score 
software package (PANalytical, the Netherlands, version 
1.0d), Diffrac-Plus software package (Bruker AXS, Germany, 
version 8.0), and JCPDS PDF–2 database. For quantitative 
phase analysis, Diffrac-Plus Topas software package (Bruker 
AXS, Germany, version 2.1) with structural models based on 
ICSD database was used.

Surface area of the samples was determined from nit-
rogen adsorption–desorption isotherms at liquid nitrogen 
temperature using a Coulter SA 3100 instrument with 15 min 

Table I
Properties of the initial titania gels

    Content Wt. loss by
 Sample Preparation Surface of S annealing
  pH area [m2 g–1] [% wt.] to 1200 °C
     [% wt.]
 TIG 7 3 140 4.9 32
 TIG 8 6 180 1.6 24.8
 TIG 9 8 260 0.2 20.3
 aP (7) 76 2.7 21.7
 rP (7) 78 2.8 20.8
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lasting outgas at 120 °C. The surface area was calculated by 
BET method while the pore size distribution was determined 
by BJH method.

results
The characteristics of the studied titania gels are given 

in Table I. The results given in this Table show that all pre-
pared hydrated titania gel samples contain remarkable con-
tent of sulphate anions (given as S content). The content of 
so4

2– decreases with increasing precipitation pH; at higher 
pH values can be prepared saples practically free of bound 
sulphate anions. All synthesised samples show rather high 
surface area, increasing with increase of the precipitation 
pH. 

Fig. 1. shows X-ray diffraction pattern of the starting 
hydrated titania. The samples precipitated at higher tempe-
rature (AP and RP) contain mostly nanocrystalline anatase 
whereas the samples prepared at melting ice temperature  
TIG 7–9 are practically amorphous with signs of crystallinity 
at the sample TIG 7 prepared at the lowest pH 7. 

Typical microstructure of the initial gels is shown on the 
Fig. 2. The micrograph A shows the initial sample; we can 
observe small (4–5 nm) crystalline zonnes randomly oriented 
which are surrounded by amorphous material. After annea-
ling at 800 °C (Fig 2.B), the material is crystalline with typi-
cal crystal size in range 50–80 nm. Detail examination show 
that particular crystals consist of ~ 5 nm domains indicating 
that the crystals were formed in a self-assembly process of 
seeds.

It is well known that annealing of hydrated amorphous 
or nanocrystalline titania gels results in growth of crystal-
line anatase particles, at tempearture higher than 800 °C 
transformattion of anatase to rutile occurs. This proces has 
been described earlier for nanocrystalline hydrated anatse 
prepared by homogeneous precipitation with urea2. the 
behaviour of our samples is similar to the earlier described 
system but we observed that the phase composition of the 

annealed product depends significantly on the conditions of 
preparation of the starting gel. Fig. 2. shows the dependence 
of the anatase content in the annealed hydrated titania gels on 
preparation temperature (the rest to 100 % is rutile). We can 
see on this Fig. that the transition temperature from anatase 
to rutile is situated between 800–1,100 °C, depending on the 
preparation conditions of the initial gel. The lowest transition 
temperature was found for the RP sample (containing rutile 
seeds), the highest for the sample AP (prepared at 80 °C). The 
anatase to rutile transition of the TIG samples lies between 
these samples, the lower is for the TIG 7 sample prepared in 
weakly acidic medium whereas the higher is for the TIG 9 
sample prepared in weakly alkaline medium.

The growth of the crystals during annealing is shown 
on the Fig. 4. We can observe continuous growth of particles 
during annealing in range 5–200 nm. The results presented 
on Figs. 3. and 4. showed that, depending on the conditions 
of synthesis of the starting gels (pH and temperature) and the 
annealing mode, both particle size and phase composition 
can be adjusted in rather wide range.

The photocatalytic activity of the annealing products of 
the sample AP determined by decomposition of 4-chlorophe-
nol as model reactant are given on Fig. 5. We can observe on 
this Fig. that the activity of some tested materials is rather 
high, even exceeding the Degussa P–25 material (often used 

Fig. 1.	 xrd	patterns	of	 the	precipitated	 titania	gels.	a	–sam-
ple RP; b – sample AP; c – sample TIG 7; d – sample TIG 8; 	
e	–	sample	tiG	9

Fig. 2. TEM micrograph of the starting gel TIG 7 (A) and of its 
annealing	product	at	800	°c	(B)

Fig. 3.	 anatase	 to	 rutile	 transition	 of	 the	 precipitated	 tita-
nia gels. a – sample RP; b – sample TIG 7; c – sample TIG 8; 	
d – sample TIG 9; e – sample AP
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as standard photocatalyst for comparative assessment of pho-
tocatalytic activity).

The dependence of the 1st order rate constant of pho-
tocatalyzed decomposition of 4-chlorophenol on the annea-
ling temperature for the sample AP is given on Fig. 6. We 

can observe sharp peak at this graph in temperature range 
800–900 °C (transition temperature anatase – rutile for this 
sample).

conclusions
The described synthetic procedure for preparation of 

photocatalytic titanium oxide is suitable for preparation of 
highly active nanocrystalline material; the process enables to 
set both particle size and anatase/rutile ratio by controlling 
the parameters of synthesis. The materials were successfully 
tested as photoactive component in photocatalytic paints.

This work has been supported by project 1M0577p-
rovided by Ministry of Education, Youth and Sports of the 
Czech Republic.
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Fig. 4.	 dependence	of	the	particle	size	of	tio2	on	the	annealing	
temperature	for	different	starting	titania	gels

Fig. 5.	 Photodecomposition	of	4	chlorophenol	on	various	pho-
tocatalysts. 1 – starting AP sample; 2 – sample AP annealed at 
700 °C for 30 min; 3 – sample AP annealed at 700 °C for 8 h; 	
4 – sample AP annealed at 800 °C for 30 min; 5 – sample AP 
annealed at 800 °C for 8 h; 6 – sample AP annealed at 900 °C for 
30 min; 7 – sample DEGUSSA P–25

Fig. 6.	 dependence	of	photoactivity	of	the	annealed	aP	sample	
on	the	annealing	temperature
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introduction
Already 100 years ago G. Ciamcian predicted exploi-

tation of photochemistry reactions in industry: “I do not 
believe that the industry should wait any longer before taking 
advantage of the chemical effects produced by light”1. But 
Roloff complain, that “large photochemical production pro-
cesses are still extremely rare” in eighties2. Nowadays the 
systems cured by UV radiation, or energy-rich radiation in 
general, are used in many branches of industry. 

Arene–iron photoinitiators are investigated relatively 
long time2,3, their synthesis published Nesmeyanov in 19634, 
but only one is commercially available: (η5–2,4-cyclopenta-
dien–1-yl)[(1,2,3,4,5,6-η)-(1-methylethyl)-benzene]-ferrous 
hexa-fluorophosphate (under the commercial name Irgacure 
261 by Ciba Speciality Chemicals). New types of arene–iron 
complexes are synthesized and tested as initiators for radi-
cal5, hybrid6 or mainly cationic polymerizations.5–10 and others

Photolysis of twelve arene-iron compounds was studied 
in this paper. The capability of initiation of UV polymeri-
zation was investigated previously for some of these com-
pounds by fotocalorimetry7 or FTIR9,10.

experimental
M a t e r i a l s 

Eleven arene-iron salts were synthesized by exchanging 
the ferrocene ligand or by nucleophilic substitution reac-
tion7.

A mixture of ferrocene, aluminium chloride, alumi-
nium powder in the excess of relevant arene (benzene for B, 
1,3,5-trimethylbenzene – TMB, hexamethylbenzene – HMB, 
1,4-diisopropylbenzene – DIPB, 1,3,5-triisopropyl-benzene 
– TIPB, chlorobenzene – CB, 4 methylphenol – PMP, phenyl 
ether – DPO and biphenyl –BP) was refluxed under nitro-
gen for 15 hours. After cooling, the mixture was treated with 
ice gradually added with constant stirring. After the end of 
exothermic reaction, the mixture was filtered and the phases 
of filtrate separated. The organic portion was extracted with 
water; the combined aqueous phases were extracted with 
diethyl ether and added to a concentrated solution of potas-
sium hexafluorophosphate in water. The mixture was stirred, 
and then kept in a refrigerator for several hours. The precipi-
tated solid was collected by filtration and dried. The raw pro-
duct was purified by recrystallization from an acetone–ether 
mixture.

In the case of nucleophilic substitution reaction a mix-
ture of sodium hydride, isopropyl alcohol (for IPOB, resp. 
n-propyl alcohol for NPOB) and tetrahydrofuran was stirred 
under inert atmosphere for about 10 min, whereupon mixture 
of CB (η5-cyclopentadien–1-yl) [(η6)-chlorobenzene]-Fe(II) 
hexafluoro-phosphate) and tetrahydrofuran was added. The 
mixture was stirred at room temperature under argon in dark-
ness for 24 hours, whereupon it was concentrated by evapora-
ting the solvent and treated with potassium hexafluorophos-
phate in water. After shaking, dichloromethane was added 
followed by solution of hydrochloric acid for adjustment  
of pH. After separation, the aqueous layer was extracted 
with little amount of dichloromethane; the combined organic 
phases were dried with salt brine, and evaporated until almost 
dry. The brown-red tar formed was dissolved in dichloromet-
hane, and the product was precipitated by addition of diethyl 
ether.

Initiator IPB was not synthesized but commercially 
available initiator (Irgacure 261) by Ciba Speciality Che-
micals was used. Structure formulas of tested initiators are 
shown in Fig. 1. 

E x p e r i m e n t a l  A p p a r a t u s  a n d 
M e a s u r e m e n t  M e t h o d

UV-VIS absorption spectra and photolysis of photoiniti-
ators were monitored by UV-VIS spectrometer Specord 210 
(Analytik Jena AG, Germany) in solutions of photoinitiators in 
acetonitrile at room temperature. The molar absorption coeff-
icients were calculated using the Lambert-Beer’s law. Photo-
lysis of photoinitiators (concentration of 2 × 10−4 mol dm–3) 

Fig. 1.	 structure	formulas	of	tested	initiators
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was followed by decreasing the absorption bands after ir-
radiation by high-pressure mercury lamp (CE Green Spot 
from UV Source Inc., USA). The intensity of irradiation was 
500 mW cm–2 (in the spectral region 258–380 nm). The nor-
malized absorbance An was calculated by (1):

An = (A0–At)/(A0–A∞), (1)

where A0 is absorbance of measured band before the irradi-
ation, A∞ is absorbance after the final photolysis and At is 
absorbance after the irradiation time t. 

The dependence of normalized absorbance on the irradi-
ation dose was described by (2) for first-order reaction:

An = P1(1–e−P2e), (2)

where P1 is maximal normalized absorbance, P2 is rate of 
decomposition after irradiation and E is the irradiation dose 
[mJ cm–2]. From (3), E1/2 can be calculated as the energy nee-
ded to achieve the half photodecomposition.

e1/2 = ln2/P2 (3)

The degree of photodecomposition XP of initiators for 
irradiation dose E was calculated from (4):

XP = An/P1 (4)

results
Photolysis spectra of [Cyclopentadien-Fe–arene] PF6 

photoinitiators are on Fig. 2. The concentration of photoi-
nitiators in acetonitrile was 2 × 10−4 mol dm–3 and irradia-
tion dose was 0–1,600 mJ cm–2. Arrows mark the change 
of absorption bands during the UV exposure. Isoabsorptive 
points indicate that photoinitiators photodecomposition pro-
ceeded selectively without side reactions.

The degree of initiators decomposition caused by UV ir-
radiation was evaluated from absorption changes at such wa-
velengths, where only respective initiators absorb (not pro-
ducts of its photodecomposition): 243 nm for B, CB, DIPB, 
DPO, IPB, IPOB, PMP, and NPOB, 245 nm for HMB, TIPB 
and TMB. The photolysis absorption spectra of BP are diff-
erent from other tested initiators. Biphenyl produced during 
decomposition of BP has strong absorption band at 250 nm 
(Fig. 3.). From this reason, the absorption band at 290 nm 
was chosen.

Type of ligand has influence on absorption spectra and 
rate of decomposition of photoinitiators. The lowest absorp-
tion was found out for initiator B, the highest absorption 
for initiators with electronegative atoms in ligands. Rate of 
decomposition is also higher in present of ether, halogen or 
alcohol group. Course of decomposition was slower if methyl 
or propyl substituent were used on arene ligand. After UV ir-
radiation arene ligand is released and band 243 nm decreases 
(except BP). 

The dependences of photoinitiator normalized 
absorbance An (1) on UV dose were fitted by non-linear 
regression according to (2). The non-linear regressions were 
treated by software OriginPro. The adequacy of proposed 
regression model with experimental data and the reliability of 
parameter estimates P1 and P2 found (Table I) were examined 
by the goodness-of-fit test. The determination coefficients R2 
are equal to 99.5 % or better. Applying (3) to the data accor-
ding to the regression criterion, the energy needed to achieve 
of photodecomposition of 0.5 (E1/2) has been estimated 
(Table I). Comparing the values of E1/2 or P2 it is apparent 
that speed of decomposition is higher in present of alcohol, 

Fig. 2.	 absorption	 spectra	 of	 photoinitiators	 in	 acetonitrile	
(concentration of 2 × 10−4	mol	dm–3)	measured	after	UV	exposure	
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ether or halogen group on arene ligand. Course of decompo-
sition was slower if methyl and propyl groups were used.

Normalized absorbances were recalculated by (4) and 
the degree of photodecomposition XP of initiators for irradia-
tion dose E was obtained (Fig. 4.). There is apparent influence 
of type of ligand on the course of photolysis of photoinitia-
tors. The sequence of initiators names in legend correspond 
with speed of photolysis (for initiator BP different absorption 
band was evaluated, so comparing with others initiators is 
questionable). 

conclusions
The molar absorption coefficients and degree of photo-

decomposition of prepared initiators was determined. Types 
of used ligands influence the absorption spectrum of pho-
toinitioator, rate of decomposition and UV dose needed for 
achieving of E1/2. Initiators with alcohol, ether or halogen 

substituents on ligands have higher molar absorption coeffi-
cients and decomposition of them are accelerated. The found 
results of decomposition efficiency correspond with results 
of polymerization initiation efficiency in epoxide and vinyle-
ther binders9,10.

This work was supported by the Ministry of Education, 
Youth and Sports of the Czech Republic, project No. MSM 
0021627501.
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Fig. 3.	 absorption	spectra	of	initiators	(BP	and	dPo)	and	abs.	
spectra	of	correspond	ligands	produced	by	photolysis

Table I
Decomposition of initiators (solution in acetonitrile)

   ε  P2 e1/2 initiator λ [nm] [dm–3 mol–1] P1 [cm2 mJ–1] [mJ cm–2]   cm–1]
 IPB 243 11,858 1.046 0.0020 333
 DIPB 243 12,024 1.055 0.0020 347
 CB 243 14,830 1.020 0.0025 275
 NPOB 243 16,040 1.008 0.0028 270
 DPO 243 14,399 0.996 0.0035 194
 PMP 243 8,043 1.008 0.0038 185
 HMB 245 11,494 1.241 0.0011 645
 TIPB 245 8,438 1.079 0.0017 402
 TMP 245 9,254 1.036 0.0021 321
 IPOB 243 13,796 1.088 0.0030 227
 B 243 7,048 1.107 0.0016 406
 BP 290 5,432 0.982 0.0089 71

Fig. 4.	 dependence	of	degree	of	initiators	decomposition	on	UV	
dose
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introduction
As the photogenerated active oxygen species are formed 

at the irradiated tio2 surface, this system can be utilized for 
microbes deactivation instead of the conventional methods 
such as UV irradiation, heat treatment or chemical disin-
fectant application.

The mechanism for bactericidal activity of photocata-
lytic oxidation was firstly1 proposed by Matsunaga et al. in 
1985. In this pioneer study, they showed that coenzyme A 
taking part in many biochemical processes is photoelectro-
chemically oxidized, which leads to the inhibition of cellu-
lar transpiration and eventually cell death. Most studies of 
photocatalytic microbe inactivation are focused on bacte-
ria2–16, less on viruses17, yiest18,19 and fungus20,21. as most 
of the bacteria-focused studies deals with Escherichia coli, 
this species was proposed as a standard microorganism for 
normalised testing of the photocatalytic activity of various 
substrates. One reason for this choice is definitely the fact 
that the presence of this bacteria indicates the contamination 
of water by feaces.

The mechanism for bactericidal effect of photocatalytic 
process on TiO2 was in detail described on E. coli: Maness22 
et al. proposed, that E. coli was killed by the process known 
as lipid peroxidation. They propose that the first step is the 
interaction of oxidation products generated by irradiated tita-
nium dioxide with microorganism cell wall. Here the initial 
oxidative damage takes place. Despite having the cell wall 
damaged, the cell is still viable. After the erosion of cell wall, 
an attack onto the cell membrane takes place. Here the per-
oxidation of membrane lipids takes place as the polyunsatu-
rated phospholipids are the main components of bacterial cell 
membrane.

The formation of malondialdehyde was also obser-
ved, indicating the oxidative decomposition of lipids in 
protoplasm. This is a highly reactive compound capable of 
damaging proteins, nuleic acids and bases. Due to the severe 
erosion of membrane structures the vital biochemical pro-
cesses such as respiration, semipermaeability and oxidative 
phosphorilation are slowed down and evetually terminated, 
resulting in ultimate cell death. 

Sunada et al.24 studied the destruction of Escherichia coli 
entotoxine which is an integral component of cell membrane 
by titanium dioxide. They proved that the cell death was 
accompanied by the endotoxine degradation and concluded, 
that the photocatalytic ptocess onto a TiO2 thin film includes 
the destruction of outer bacterial mebrane.

Some differences in the susceptibility of various micro-
organisms to the photocatalityc stress can be observed. The 
difeerences are especially apparent between gram-positive 
and gram-negative bacteria. The gram-positive ones, although 
being less structurally complex then the gram-negative ones, 
are encapsulated by a thick peptidoglycanous layer. Similarly 
fungi and yiest are less sensitive to the photocatalitic attack 
because of their strong eucariotic cellular wall representing 
relatively strong resisting barirrier agaist the reactive oxygen 
radicals generate on the surface of irradiated titanium dio-
xide.

Electrons reduce adsorsobed oxygen to superoxide radi-
cals (O2

•–). Electron holes exidies OH groups into hydroxyl 
radical HO•, which then act as the main oxidizing agents. The 
heterogeneous photocatalytic process then consists of a series 
of reactions which may be expressed by the following set of 
equations:

+ +
2 vb 2 ads 2 adsTiO (h ) H O TiO HO H•+ → + +  (2)

+
2 vb ads 2 adsTiO (h ) HO TiO HO− •+ → +  (3)

+
2 vb ads 2 adstio (h ) D tio D++ → +  (4)

ads oxidHO D D• + →  (5)

2 cb ads 2 adstio (e ) a tio a− −+ → +  (6)
 
Here,	a	stands for the electron acceptor and d electron 

donor. In most cases, a complete mineralization of organic 
substrate takes place and CO2 a H2O are the final products. 
Dissolved oxygen is the usual acceptor in aqueous media, 
being transformed into superoxide anion-radicals (O2

•–), 
which can further initiate the formation of hydroxyl radical 
HO•:

ads

– –
2 cb 2 2 2 2TiO (e ) O H TiO HO O H+ • • ++ + → + +

  
(7)

Although the photocatalytic inactivation of microorga-
nism is not suitable for the decompostion of a large quantity 
of matter in a short time, it became a highly effective mea-
sure to eliminate lower concentration of microorganisms and 
especially to prevent their further growth.

Generally, several different disinfection kinetic models 
are used in order to describe the microorganism killing26. the 
first empiric model for experimental data fitting was propo-
sed by Chick and Watson in 1908:

ln k nN c t
N

= −
0

, (8)

where N0 and N corresponds to initial and remaining micro-
organism population, respectively, k is inactivation rate con-
stant, t is reaction time, c is disinfection agent concentration 
and n is reaction order. In most cases n equals 1, causing 
the deactivation of microorganism to become a first-order  

 (1)
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reaction. The Chick-Watson model was modified considering 
two different kinetic constants, k1 describing the rate of 
microbial disinfection and k2 taking into account the biocide 
concentration decrease:

( )1k  ln 1 exp k
k

ncN n t
N n

= − − −  2
0 2  

(9)

In 1972, the kinetic model of Hom was developed, which 
assumes a general equation for disinfection:

ln k m hN c t
N

= −
0

, (10)

where k is the disinfection rate constant, c is the concentra-
tion of biocide, m is the Hom dilution coefficient, t is elapsed 
time and h is the Hom time exponent29. It should be noted 
that if h equals 1, then the equation reduces to that of the 
Chick-Watson model.

Some authors, who studied UV disinfection of waste-
water, tried to replace the concentration of disinfectant in the 
previous equation (10) with the intensity φ of UV radiation31. 
Then the expression of the rate N/N0 becomes: 

where t is time of exposure and then the product φ × t gives 
the total exposure dose H [J m–2].

Horie and co-authors assumed that cell deactivation 
obeys a second-order reaction between cells and oxidative 
radicals, and the death of a cell is caused by n times reactions 
on the basis of a series-event model. They derived complex 
equation for rate constant k´ of photocatalytic disinfection in 
slury of titanium dioxide taking into acount titanium dioxide 
concentration and incident light intensity25. 

Unfortunatelly, these equagtions doesn’t obeys fully to 
experimental data of photocatalytic disnfection of yeasts on 
immobilized titanium dioxide layer.

The most popular way of titanium dioxide thin layer pre-
paration is sol-gel method. Usually the substrates are coated 
by dip-coating or spin-coating method. But each of them has 
some drawbacks. It would be very convenient to prepare 
these layers by way similar to spray coating. Inkjet printing 
is apparently a very good candidate for this task. In a conven-
tional inkjet printer, small droplets of low viscosity ink are 
ejected from a print head and fall onto printed substrate. If we 
are able to replace the ink with a liquid precursor and prin-
ting paper with a suitable substrate, we obtain a very robust 
device for the precursor deposition. 

By utilizing the well know sol-gel chemistry used so far 
spin- and dip coated layers of TiO2 with the wide deposition 
possibilities offered by inkjet printing, we are able to pre-
pare photocatalytically active thin layers of TiO2 in a very 
effective and clean way with minimum waste.

experimental
Sol-gel technique was applied to titanium dio-

xide thin films preparation using titanium(IV) propoxide  

as titanium precursors. Soda lime glass plates with sizes of 
50 × 50 × 1.5 mm were used as a substrate for TiO2 thin films 
after treatment for surface sodium ions leaching. 

Sol application was performed in a novel innovative 
way utilizing a modified office inkjet printer with empty 
carts. Cleaned glass plates were then mounted into a modified 
CD holder, fed into the printer and printed with “black only” 
driver setting. The colour of the printed pattern was varied in 
different shades of grey (100%, 95%, 90%, 80%, 70%, 60%) 
and thus glasses with varying sol loading were printed. The 
resolution, print speed and media settings were also varied 
and their influence on the resulting TiO2 layer properties was 
evaluated. Two way of printer setting were chosen for thin 
layer of TiO2 preparation – slow (S) and rapid (R). The sam-
ple marked as 100 R corresponds to 100 % of sol loadings 
printed by rapid way.

After coating, the glass plates were dried in the oven at 
110 °C for 30 min and finally at 450 °C for 4 hours.

Photocatalytic killing of yeast Candida vini and Can-
dida tropicalis were performed to study the antimicrobial 
properties of prepared TiO2 layers. The yeast cells have sphe-
rical or oval, sometimes cylindrical or elongated shape of 
3.0–5.5 × 4.0–9.0 µm in size. Generally, Candida is the most 
common cause of opportunistic mycoses (Candidiasis) worl-
dwide. This type of endogenous infection mostly arises from 
overgrowth of the fungus inhabiting in the normal flora. 

The yeast culture for the photocatalytic test was prepa-
red as follows: 1 ml of yeast culture cultivated for 24 h in 
GPY liquid nutrient media was diluted with 9 ml of deionized 
water and centrifuged for 5 min at 4,000 rpm. The supernatant 
was separated from yeast sediment and centrifugation was 
repeated once again with 10 ml of deionized water. After last 
changing of liquid, the pure yeast suspension in water was 
well homogenized using minishaker. 30 µl of this suspension 
was dropped onto 15 min pre-irradiated TiO2 film on glass 
plate and spread by micropipette for better contact of yeasts 
with photocatalyst surface. The sample was then put on refle-
ctive surface in Petri dish and covered by quartz plate in order 
to maintain a constant humidity during reaction. The sam-
ple was irradiated by four fluorescent lamps Sylvania Lynx-
S 11 W with a maximum of energy at 365 nm. Irradiance of 
1 mW cm–2 was maintained by lamp distance adjustment.

The irradiated samples were analyzed by epi-fluorescent 
microscopy using Acridine orange dye: 40 μl of 1.8 × 10–4 M 
Acridine orange (in phosphate buffer with pH 6) was added 
to 30 μl drop of irradiated sample placed in Petri dish. The 
Acridine orange dye is capable to bind to DNA in dead cell 
and so in epi-fluorescence microscope this complex emits 
red light. Then the dead cells appear as red and live cells as 
green in colour. A random selection of 20 places on a sample 
was recorded by Pixelink PL–A662 CCD camera (Pixelink 
Canada) and images were processed by Lucia software.  
On each image, the number of live and dead cells was calcu-
lated and expressed as the survival ratio (SR), i.e. number  
of live cells divided by total number of cells in each image 
using following formula:

, (11)
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live

live dead

NSR
N +

=
 

(12)

The obtained survival ratio was averaged and processed 
by statistical methods.

results
By the described method of thin layer of titanium dio-

xide we prepared layers predominantly with crystaline 
structure proved by Raman spectroscopy (Fig. 1.). The 
Raman spectroscopic measurements of TiO2 calcinated films 
revealed the anatase phase to be dominant with the small por-
tion of rutile. 

The different amount of sol printed on glass surface 
and two different way of sol printing resulted in various sur-
face structure, layer homogeneity and porosity. The surface 
structure varied from smooth surface of fast printed layers to 
wrinkly surface of slow printed layers (Fig. 2.). Maximum 
thickness was 212 nm. The smooth layer was formed by 30 
nm particles of titanium dioxide. However, this smooth layer 
contained cracks smaller than 700 nm (Fig. 3.). 

We found that process of yeast photokilling does not 
significantly depend on way of printing if the surface is fully 
covered by TiO2. Generally, a damage of membrane needs  

a certain time and we observed the induction period. When a 
membrane was perforated, the second period occurred during 
which the microorganism inactivation was accelerated. 

The presence of plateau in the later period of reaction 
was found during yeast inactivation. Inner cell components 
present outside the cells cause the competition between these 
molecules and bacteria as regards the rective oxygen species. 
We found similar results for both used cells of Candida tropi-
calis and Candida vini.

conclusions
It was found that printed layers show photocatalytic 

activity. The prepared lyaers were thiner than 200 nm and 
transparent. Their properties were proved by phtocatalytic 
inactivation of yeasts. This process does not depend on the 
way of sol delivery by inkjet printer if the glass surface is 
fully covered.

Authors thank to Ministry of Education, Youth and Sports 
of Czech Republic for support by project MSM0021630501.
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introduction
This paper deals with the utilization of optical and inter-

ference microscopy for the study of thin film layers. We pre-
sent a new and very simple method for the determination of 
refractive indexes of transparent layers based on interference 
phenomena. Both thin layer thickness and refractive index 
can be determined by this method. 

We used this method for a complex analysis of sandwich 
and gap structures of organic semiconductor components 
(e.g. ITO/PEDOT/DPP/Alq3/Al) prepared by a combination 
of following procedures: vacuum vapour deposition and/or 
spin coating and/or inkjet printing. A series of photographs 
of one sample was recorded and analysed which gave us the 
thicknesses of individual layers, their homogeneity and their 
refractive indexes. 

Recorded images were processed by means of image 
analysis (correlative and fractal analysis). Image analysis was 
performed using application HarFA (Harmonic and Fractal 
Image Analyser), which has a wide potential of use not only 
for image analysis but for analysis of video clips, signals and 
numerical data as well.

Results obtained by image analysis methods were con-
firmed and eventually further extended by ellipsometric mea-
surements, which is unfortunately more time consuming and 
challenging.

experimental
S a m p l e  P r e p a r i n g

Within the context of development of new cheap organic 
materials suitable for optoelectronic applications (e.g. pho-
tovoltaic cells, light emitting diodes, etc.) new techniques 
of their cheap production are looked for. The preparation of 
thin films structures by means of various methods, e.g. spin 
coating, vacuum evaporation or inkjet printing seems to be 
very perspective techniques. Structures prepared for electro-
nic applications are mostly multilayered with a complicated 
structure, see Fig. 1.

It is possible to prepare complex structure of electronic 
component by means of suitable combination of all three pro-
cedures. 

For example, structure at Fig. 1. consists of conductive 
thin film ITO (indium tin oxide) deposited on a glass sub-
strate.

The other two films are composed of PEDOT (poly(3,4-
ethylenedioxythiophene)) and semi conductive derivative 
DPP (diketo pyrrolo pyrrole). These work as an active pho-

toconductive element. It is possible to prepare these from 
solutions and/or dispersions by means of inkjet printer and/or 
spin coating, respectively.

Last two films consist of Alq3 (tris (8-hydroxyquino-
line) and aluminium. Alq3 works as an interlayer between 
active semiconductor DPP and contact electrode (Al) and 
both layers are prepared by vacuum vapor deposition. 

It is apparent that functionality of electronic component 
prepared in this way is dependent on the quality of prepared 
films, this means on homogeneity of their thickness, on their 
mutual contact (adhesion) and on their time and mechanical 
stability.

In this respect the films prepared from solution are cru-
cial. In the case of these films it is necessary to ensure good 
adhesion to underlying film (for PEDOT it is ITO), to prevent 
agglomeration of dispersing particles and crystallization1.

I m a g e  D a t a  R e c o r d i n g
Image analysis methods can be with advantageously 

utilized for the quality assessment of films prepared in this 
way. It is possible to use them for surface quality assessment 
in combination with optical microscope and digital camera. 
Film thickness determination is possible in combination with 
an interference microscope. It is also possible to determine 
refractive index of organic materials2–3 using suitable inter-
pretation of recorded results.

For example, it is possible to use the software HarFA 
developed by authors of this contribution for image analysis. 
It is necessary to eliminate image errors caused by e.g. non-
homogeneity of the light, by non-linear transfer of brightness 
(gamma correction), and by thermal noise4–6.

Fig. 1.	 example	of	multilayered	structure	for	electronic	appli-
cations

Fig. 2.	 Principle	of	image	data	recording
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Interference microscope Interphako (Carl zeiss Jena) 
is used for the film thickness measurement. The principle of 
the measurement is based on the phase shift between beams 
reflected from the surface of the thin organic film and eva-
porated Al refractive layers. Film structure is demonstrated 
at Fig. 3. This phase shift is in a good agreement with double 
thickness of the film, as demonstrated at Fig. 3. (on the top).

Using splitting and three-dimensional shift of two parts 
of the Fig. and their subsequent composition it is possible to 
get interferential images such as those at Fig. 4.

The details for two edges at aluminium contact are for 
ITO layer (on the left) and for DPP (on the right side). The 
shift of the interference line at the edge is in agreement with 
the Fig. 3. A similar image can be observed from the bottom 

side of the sample – from the “glass” side. The results are 
presented at Fig. 5. We can see that shift on the edge is grea-
ter than when it is observed from the “air” side of the sample 
(Fig. 4.). 

D a t a  A n a l y s i s
The analysis performed by HarFA consists of the fol-

lowing steps:
Recording of image sequences (videos) of electrical 
contact from the side "air" and "glass (Open video, File 
types: Images). This step was set for more effective ana-
lysis. 
Selection of interesting part of interference images, 
at the place of main interference maxima (the square 
512 × 512 pixels was selected).
Selection of proper colour space for analysis (the Bright-
ness, not threshold – not BW settings was select). 
Making of two videos (from “air” and from “glass” side) 
which was consist from interference image sequences 
(Save square video as...)
Processing of correlation analysis for selected frames of 
videos. Selected part was vertical rectangle 256 ×  512 
pixels at the frame middle (Correlation). The results 
were saved as images (see Fig. 6.) and as data files (see 
Fig. 7.).

The saved data were further statistical processed by a 
very simple procedure. The average values of all lines were 
calculated and a rotation leading to horizontal zero reference 
line was performed. The average shift of the split and average 
wavelength (in pixels) from the shift of lines was calculated. 
The results of these very simple calculations are at Fig. 8. for 
ITO from “air” and “glass” side.

The thickness and refractive index of DPP and ITO can 
be immediately from these dependences determined. The 
results of calculations are summarized in Table I. The values 
were calculated as the average values of all pixels at the edge 
(Fig. 7.). The uncertainty of these values is very small; the er-
rors are caused by the homogeneity of the measured surface.

The thickness was calculated from the known wave 
length λ = 512 nm, refractive index from the simple equation 
n = Δs/Δl, where ∆s is so called optical line and ∆l real line of 
the light. The profile of average phase line shift for the whole 
contact is presented on Fig. 8. 

•

•

•

•

•
Fig. 3.	 Principle	of	thickness	layer	measurements	with	using	of	
interference	microscope

Fig. 4.	 interference	 microscope	 images	 (from	 the	 “air”	 side)	
for	edge	of	ito	(on	the	left)	and	dPP	(on	the	right)

Fig. 5.	 interference	microscope	images	(from	the	“glass”	side)	
for	edge	of	ito	(on	the	left)	and	dPP	(on	the	right)

Fig. 6.	 the	results	of	correlation	analysis	–	sharpen	lines	of	the	
same phase on the image: the split of ITO edge from the “air” 
(on	top)	and	from	the	“glass”	(bottom)	measuring
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The imperfect groves created by cutting to DPP layer 
give in maxima the same shifts of phase as the second ege 
(DPP). The right changes of the phase are caused by inhomo-
geneties on the end of glass.

results
We can see from the results at the Table I that the ITO 

layer is thinner and its homogeneity is lower than DPP layer. 
Also refractive index value is more accurately for ITO layer. 

These results confirm the dependences of refractive 
indexes and thicknesses on the split position of layer edge on 
Fig. 10. and Fig. 11. We can see that the homogeneity of the 
ITO thickness is greater than the momogeneity of DPP and 

also the refractive index is more constant. The results are in 
agreement with data from ref.7.

conclusions
The new very simple and quick method for the deter-

mining of layer thickness and their refractive index was 
presented. The other advantages are that the calculation of 
refractive index is not dependent on the surrounding layers 
but only on the layer with edge. This fact is advantage in 
contrast to ellipsometry.

This work was supported by project KAN401770651 
from The Academy of Sciences of the Czech Republic and by 

Fig. 7.	 the	phase	lines	of	the	ito	edge	split	from	the	“air”	side	
measuring

Fig. 8.	 the	corrected	phase	lines	of	the	ito	edge	split	from	the	
both	“air”	and	“glass”	side	measuring

Fig. 9. The profile of average phase line

Table I: 
The refractive index and thickness parameters of ITO and 
DPP layers (λ = 512 nm)

 Parameter ITO layer DPP layer
 Sample thickness [nm] 38 ± 1 80 ± 5
 Optical thickness [nm] 66 ± 3 107 ± 18
 Refractive index [-] 1.73 ± 0.05 1.34 ± 0.15

Fig. 10.	 the	 refractive	 index	both	 ito	and	 dPP	 layer	 calcu-
lated	from	edge	split	reason

Fig. 11.	 the	thickness	both	ito	and	dPP	layer	calculated	from	
edge	split	reason



Chem. Listy, 102, s265–s1311 (2008) Photochemistry

s1036

project and by grant FT-TA/036 from the Ministry of Industry 
and Trade of the Czech Republic.
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Introduction
among various oxide semiconductor photocatalysts, 

titanium dioxide (tio2) appears to be a promising and impor-
tant prospect for use in enviromental purification, because of 
its strong oxidizing power, photoinduced hydrophilicity, non-
toxicity and long-term photostability. tio2 shows excellent 
photocatalytic activity for oxidative degradation of environ-
mental pollutants1. 

tThe first description of antimicrobial effect of TiO2 ttfilm 
was published by Japanese professor matunago and collea-
gues in 1985. att the beginning of the photocatalytic reac-
tion, highly reactive groups containing oxygen atoms (ros 
– reactive oxygen species) are formed. these ros produced 
by photocatalysis cause different type of damage in live orga-
nisms. after a hydroxyl radical attack, the outer membrane 
is partially destroyed. there is no important change of cell 
viability during this process, but membrane permeability 
towards ros is changed. at this stage, ros can attack the 
cytoplasmic membrane more easily, which results in the lipid 
membrane peroxidation and subsequent cell death2.

Experimental
P r e p a r a t i o n  o f  t i o 2  t h i n  F i l m

The substrates used as film supports were soda-lime 
glass plates. boiling the glass plates in sulfuric acid removes 
the surface sodium ions and therefore the photoactivity of the 
film can be improved.

transparent tio2 ttlayers were immobilised on glass pla-
tes using sol-gel method with titanium tetraisopropoxide in 
ethanol as precursor. Depositions of thin films were realized 
by dip-coating method with withdrawal speed 120 mm min–1. 
in the next stage, the coated substrates were dryed for 30 min. 
at 110 °C and then calcinated for 4 hours at 450 °C with tem-
perature ramp of 3 °C min–1.

P h o t o o x i d a t i o n  o f  2 , 6 -
d i c h l o r o i n d o p h e n o l

the photocatalytic activity of the tiob2 films was eva-
luated by examining the oxidation rate of water solution 2,6-
DCiP (2 × 10–5 mol dm–3) upon uv irradiation (2.4 mW cm–2, 
solar lamp Philips hPa-400 W) in a desk reactor. the con-
centration decrease of 2,6-DCiP was determinated spectro-

photometrically. a photochemical dechloration of 2,6-DCiP 
is a reaction of first order kinetics.

a n t i m i c r o b i a l  e f e c t  o f  t i o 2  t h i n 
F i l m

Photocatalytic killing of yeasts Candida tropicalis and 
Candida albicans were performed to study the antimicrobial 
properties of tio2 films. These yeasts belong to the class of 
ascomycetes, the family of saccharomycetaceae and the 
kingdom of Fungi. Generally, Candida is the most common 
cause of opportunistic mycoses (Candidiasis) worldwide. 
this type of endogenous infection mostly arises from overg-
rowth of the fungus inhabiting normal flora. C. albicans is the 
most frequently encountered medical pathogen, the second 
one is C. tropicalis.

the yeast culture for the photocatalytic test was pre-
pared as follows: 1 ml of yeast culture cultivated for 24 h 
in GPY liquid nutrient media was diluted with 9 ml of deioni-
zed water and centrifuged for 5 min at 4,000 rpm. the super-
natant was separated from yeast sediment and centrifugation 
was repeated once again with 10 ml of deionized water. after 
the last change of liquid, the pure yeast suspension in water 
was well homogenized using minishaker. 30 µl of this sus-
pension was dropped onto 15 min pre-irradiated tio2 film 
on glass plate and spread for better contact of yeasts with 
photocatalyst surface. the sample was put in Petri dish and 
covered by quartz plate. the uv irradiation was provided 
by fluorescent lamp Sylvania Lynx-S 11 W with intensity 
1.5 mW cm–2. after exposure suspension of yeasts, 40 ml of 
1.8 × 10–4 mol dm–3 acridine orange was added to the drop 
of irradiated sample. Nicon Eclipse 200 with epifluorescent 
adapter equipped with Camera Pixelink Canada was used for 
dead and live cell resolution and calculation. it was calcu-
lated survival ratio of yeasts.

Results
P h o t o o x i d a t i o n  o f  2 , 6 - D C i P

Fig. 1. shows that the number of layers (i.e. thickness) 
influences the photocatalytic activity. The higher number of 
tio2 thin layers is, the higher the photocatalytic activity is. 
but in the case of 4 layers, the photocatalytic activity is smal-
ler due to its large thickness. the layer is too thick, so the 
generation of electrons and holes proceed deep in the semi-
conductor layers, and therefore they can’t get to the surface 
and participace the reaction. it causes the decrease of pho-
tocatalytic activity. 

a n t i m i c r o b i a l  e f e c t  o f  t i o 2  t h i n 
f i l m

the reaction was performed only in deionized water 
without the nutrient compounds to avoid their influence on 
yeast degradation process.

the dependence of Candida tropicalis and Candida 
albicans survival ratio on irradiation time and tio2 layer 

	 (1)



Chem. Listy, 102, s265–s1311 (2008) Photochemistry

s1038

number is demonstrated at the following figures (Fig. 2. 
and Fig. 3.). it can be seen, there is no antimicrobial activity 
during uv irradiation of yeast suspension when the photoca-
talyst is absent. 

Concerning the induction period, it is decreasing with 
increasing number of tio2 layer. 

in the case of Candida albicans, we observed worse 
antimicrobial efficiency (Fig. 3.) therefore longer time of ir-
radiation is necessary to kill them.

Conclusions
We prepared tio2 thin films on soda-lime glass plates by 

dip coating method. Films are homogenous and transparent.
The photocatalytic efficiency of prepared coatings was 

evaluated on photocatalytic oxidation 2,6-DCiP in aqueous 
phase, as well as on killing of microorganisms, Candida tro-
picalis and Candida albicans yeasts. 

We found that the number of layers (i.e thickness) positi-
vely influences the photocatalytic oxidation of 2,6-DCIP. 

Concerning the microorganisms killing, Candida tro-
picalis and Candida albicans were selected for determina-
tion of tio2 thin film antimicrobial properties, because they 
represent the most frequently encountered medical pathogen, 
causes the opportunistic mycoses. We observed that the pho-
tocatalytic degradation rate increases with increasing tio2 
film thickness.
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Fig. 2.	 The	survival	ratio	of	Candida tropicalis	during	irradia-
tion

Fig. 3.	 The	survival	ratio	of	Candida albicans	during	 irradia-
tion

Fig. 1.  The influence of number of TiO2 thin films on the photo-
catalytic efficiency 2,6-DCIP
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Introduction
The identification of brown-grey inks is of importance to 

understand the history and aesthetics of an object, to evaluate 
the risks involved with its use, and to judge the effects of con-
servation treatments. Drawings may contain different brown-
grey shades side-by-side, which could be due to the use of 
different drawing inks. traditionally, to obtain brown-grey 
shades, bistre, sepia, carbon black and iron gall inks were 
used1. iron gall inks contain transition metals, such as iron 
and copper, catalyzing the radical oxidation of the substrate, 
as well as acids, catalysing its hydrolysis2. these degrada-
tion processes, generally known as “ink corrosion”, lead to 
the formation of fluorescent and brown degradation products, 
followed by mechanical weakening of the paper and forma-
tion of cracks. if none of these phenomena are observed, it 
is not easy to visually distinguish iron gall inks from other, 
potentially less aggressive, brown-grey inks.

Different instrumental analytical methods, e.g. sem/
eDX, XrF or Ftir have been applied to identify inks3.  
as most collection keeping institutes do not have access to 
these techniques, there is a need for “hands-on” methods that 
do not require sampling or transport of the object outside the 
institute. Nowadays, Fibre-Optics Reflectance Spectrometers 
(Fors) have reached dimensions which allow them to be 
transported easily to the objects to be measured.

it was shown, that brown-grey inks can be distinguished 
by the reflectance spectra obtained from visually comparable 
shades of sepia, bistre and iron gall inks, processed by che-
mometric factor analysis method4. in this paper previously 
developed method of factor analysis was used to process 
VIS-NIR fibre optics reflectance spectra measured on his-
torical drawings and documents with grey-brown inks and 
identification of iron gall inks.

Computational	and	Experimental
Previously developed chemometric detector for identifi-

cation of iron gall inks in the vis-nir spectral region4 was 
used. reference data set consists of 132 spectra of samples of 
iron gall inks. Chemometric detector is based on the testing 
of correspondence of studied individual spectrum with the 
database. this testing was performed by the method of the 

Factor analysis – namely target Factor analysis5 was used. 
this method evaluates the deviation, call aet parameter, of 
tested spectrum from the projection of tested spectrum into 
the factor space of database spectra set. Great value of aet 
parameter indicates that the tested spectrum does not corre-
spond to the database. on the other hand, low value of aet 
parameter indicates, that the tested spectrum corresponds to 
the spectra of databases. in this case we select the value of 
aet = 0.006 as a threshold (corresponds to the statistically 
evaluated reproducibility of the measurement of the database 
spectra).

spectra of studied historical documents and drawings 
were measured with the fibre optics spectrophotometer sys-
tem ocean optics consisting of hi-res spectrometer hr 
4000CG-uv-nir, uv-vis-nir light source Dh-2000-baL 
and standard reflectance accessory with 45 °/45 ° geome-
try. spectra were measured at the region 500–1,050 nm. For 
each measurement, the detector was calibrated on the blank 
paper near to the inked area. in this way, changes in spectral 
reflectance due to ageing of the substrate were largely exc-
luded. Original reflectance spectra were transformed into 
kubelka-munk7 spectra. kubelka-munk spectra are gene-
rally preferred in the methods using linear algebra8. also, 
each spectrum was normalized to have maximum value equal 
one, to enhance shape analysis.

Results	and	Discussion
the presence of iron gall inks was tested in the set of 

drawings from collection of slovak national Gallery. exam-
ple of the analysis of vis-nir spectra of the drawing from 
16th century is on Fig. 1. 

the spectra were measured at the four locations and 
aet parameters indicate that the iron gall ink was used. this 
result is supported by the results of XRF analysis confirming 
the presence of iron.

the analysis of document from 19th century is on Fig. 2. 
vis-nir spectra were measured at two positions.

the aet value at of the spectrum at location a indica-
tes that the iron gall ink was used for signature (this finding 
was supported by the colorimetric spot test9), the spectrum  
at location b absorbs practically all vis-nir light, what 

Fig. 1.  Sitting  Evangelist,  Bartolomeo  Passarotti,  1550–1590, 
Slovak National Gallery, Bratislava, Slovak Republic, Inventory 
No. K 96
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indicates the probable presence of some kind of carbon black 
(Chinese) ink.

the attempt to use the detector to analyse the ink on 
the parchment is on the Fig. 3. the average spectrum of the 
typefaces corresponds to the iron gall inks spectra according 
to the low value of the aet parameter.

This work was supported by Slovak Grant Agency VEGA 
(project VEGA 1/0800/08) and by MŠ SR (project MVTS 
COST D42/08 and project 2003SP200280301 Kniha SK).
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Fig. 2.  Document from 19th century, Slovak National Archives, 
Bratislava, Slovak Republic

Fig. 3.  Book Historia Boiemica,  1575,  older  parchment  sheet 
used as a bookbinding material, Moravian Gallery Brno, Czech 
Republic, inventory No. D9751
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Introduction
Cross-linking is a vital tool for modification of existing 

polymers to achieve new and improved materials. Cross-lin-
ked gels often have different properties based on the type 
of cross-linking method used (chemical, physical or ionical 
cross-linking), as well as the fact that each method brings 
with it is own limitations and benefits depending on the 
desired use and application of the gels1. 

PVal is largely used for the production of fiber (vinylon), 
film, in the paper industry, in the textile sizing, as a modi-
fier of thermosetting resins, as pressure-sensitive adhesives, 
emulsifier, ect. The final properties of PVal mainly depend 
on the properties of its parent polymer, poly(vinylacetate), its 
polymerization conditions and degree of hydrolysis. Cross-
linking as well as modification of PVal through its hydroxyl 
groups open new domain of application for this material2.

Experimental
this study deals with the cross-linking reaction of met-

hacrylated Pval by the uv initiated non-linear polymerisa-
tion in the solid phase. For this purpose the modified PVal 
had to be prepared.

P r e p a r a t i o n  o f  m o d i f i e d  P v a l
Pval was dissolved in a mixture of Dmso and DmFa 

at 95 °C. then the temperature was lowered to 70 °C. Gma 
and koh ethanolic solution were added dropwise. upon 
the addition of koh, the solution changed color to yellow. 
after 1 hour the mixture was cooled down to room tempe-
rature and the deionized water was added. PVal modified 
in this way was precipitated in ethanol and finelly washed 
in acetone. During this reaction a tricomponent copolymer 
poly(vinylalcohol-co-vinylacetate-co-vinylhydroxyprophyl-
methacrylate) was created.

C r o s s - L i n k i n g  o f  m P v a l
a thin layer of methacrylated Pval solution was spin-

coated onto anodized aluminium plates. the coating mixture 
consisted of mPval (20 % wt.), water, surfactant and a vari-
able amount of photoinitiators. We used three types of pho-
toinitiators (igacure 2959, irgacure 2100, irgacure 819) and 
their concentration was changed from 0.5 % wt. to 4 % wt. 
(this concentration was recommended by producer).

the spin-coated plates were exposed by uv radiation, 
developed in the deionized water and dyed in a saturn blue 
L4G solution. each step of the aluminium plate was measu-

red by a densitometer. We observed the influence of photoi-
nitiators type and concentration on the photochemical speed 
S. the photochemical speed was calculated according to 
the mathematical formula:

5.0
1

nH
S = ,

 
(1)

where Hn
0.5 is a exposure at the normalised optical density 

0.5. the value of the exposure was determined from the den-
sitometrical measurement.

C r o s s l i n k i n g  a b o v e  t h e  G l a s s 
t r a n s i t i o n  t e m p e r a t u r e

besides the study of cross-linking below the glass tran-
sition temperature (Tg), we also investigated the kinetics of 
cross-linking reaction above Tg. in order to performe the 
cross-linking reaction above Tg, we added different types and 
concentration of plasticizers and we studied the dependence 
of this substances on the photochemical speed.

Glycerol and poly(ethylenglycol) (PeG) were used as 
plasticizers. We compared their plasticizing effect. the pho-
tochemical speed was determined in the same way as in case 
when the reaction runs below Tg.

Results
m o d i f i c a t i o n  o f  P v a l

The modified PVal was prepared using GMa. The theo-
retical stechiometric degree of modification should have been 
4 % mol. the real degree of the conversion was determined 
by uv-vis spectroscopy3.

Firstly, the calibration curve was constructed. the molar 
absorption coeficient was found out from its direction. If we 
knew the value of the molar absorption coeficient, the degree 
of conversion could be worked out. Prepared mPval had the 
degree of conversion 3.83 % mol.

t h e  i n f l u e n c e  o f  i n i t i a t o r s  o n  t h e 
P h o t o c h e m i c a l  s p e e d

The optical densities for each field of the aluminium pla-
tes were found out from the densitometrical measurement. 
the dependence Dn = log H was constructed. Dn is a norma-
lized value of optical density, which was calculated as the 
quotient of the constituent fields of aluminium plates optical 
density and the full cross-linking field optical density. The 
value of Hn

0.5 was determined from this dependence and now 
we were able to calculated the photochemical speed by the 
formula (1).

the goal of our work was to obtain a higher S using two 
different photoinitiators (i 2100 and i 819) instead of i 2959. 
the spectral sensitivity of i 2959 is in the far region of uv 
radiation and we wanted to shift the spectral sensitivity of the 
studied system up to longer wavelengths because of better 
utilization of a radiation energy.

We didn´t reach this goal probably because the coating 
compositions with i 2100 and i 819 had the character of 
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microheterogenous mixtures. a stable emulsion was prepared 
in case i 2100 and a suspension was formed yet using i 819. 

the results S, for each added initiators amount, are pre-
sented in table i and we observe the comparison of S all using 
photoinitiators in Fig. 1. We can see that the S is the biggest 
for i 2959 and the smallest for i 819.

C r o s s - L i n k i n g  a b o v e  t h e  T g
For the system with the plasticizers (glycerol and PeG), 

the photochemical speed S was determined in the same way 
as in the previous case. this photochemical speed was com-
pared with S for the system without the plasticizer. a huge 
increase of S was observed in system with glycerol (about 
50 ×).

the highest increase was achieved for glycerol con-
centration 5 % wt. When the concentration of plastici-
zer rises up above 5 % wt., the S decreases. this happens  

due to a huge increase of polymer free volume, which causes 
the moving away of macromolecular chains. the outgrowth 
is a disappearance of nearly all interaction.

the same results were reached also in case with PeG but 
S was grown up only three times. the overview of establis-
hed speed can be observed in table ii. the comparison of 
PeG and glycero effect is noticed in Fig. 2.

Conclusions
We synthesised mPval with the degree of conversion 

about 4 % mol. which secures a compromise between the 
system solubility in water and the content of double bonds 
in this system.

our effort was to shift the spectral sensitivity up from 
uvC area the region of longer wavelength. this goal was 
accomplished but it doesn’t lead to the rise of photochemi-
cal speed. it is probably caused by very slow radical trans-
fer which comes as consequence of non-homogenous coated 
mixture. the coated system had heterogenous character due 
to limited miscibility of using compounds.

We also investigate the change of photochemical speed 
after plasticizer addition. We discovered that glycerol is bet-
ter plasticizer than PeG because S grows up till 50 × in sys-
tem with this plasticizer.

Authors would like to thank to the Czech Ministry of Ed-
ucation, Youth and Sports for supporting this work through 
project MSM0021630501.
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table i
the photochemical speed of using commercial photoinitiators 

 Concentration S of i 2959 s of i 2100 s of i 815 of initiators [cm2 J–1] [cm2 J–1] [cm2 J–1] [% wt.]
 0.5 4,281.44 769.84 45.96
 1.0 1,379.69 566.07 26.62
 2.0 1,033.33 237.53 11.95
 4.0 652.74 102.91 8.38

Fig. 1.	 The	dependence	Dn = log H for all using photoinitiators, 
for	initiators	concentration	4	%	wt.

table ii
the photochemical speed of systems with plasticizers

 Concentration of sglycerol sPeG
 plasticizers [% wt.] [cm2 J–1] [cm2 J–1]
 0 1,379.69 1,379.69
 2 9,399.18 3,013.21
 4 44,869.37 3,693.69
 6 11,097.60 2,286.60
 8 3,280.65 946.37

Fig. 2.	 The	comparison	of	photochemical	speed	for	two	diffe-
rent plasticizers
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Introduction
On the field of environmental protection, many efforts 

have been done in few past years to produce a highly sensi-
tive system for atmospheric pollutant monitoring using semi-
conductor metal oxide (smo) materials1. more recently, the 
research was aimed to develope a nanostructured surface of 
sensing electrode in order to sufficiently increase its effective 
surface area and hence its sensitivity2. this nanostructure 
formation can be easily realized through a thin nanoporous 
al2o3 template created e.g. on gold electrode. such prepa-
red metal nanostructures (nanowires, nanotubes, etc.) can be 
further modified by immobilization of previously mentioned 
semiconducting material. tio2 was found to be one of the 
efficient agents for this purpose, in particular for detection of 
different gases: o2, h2, Co, nh3 as well as hydrocarbons3,4. 
analogous to photocatalysis, the anatase phase is expected to 
play more important role in this case than the rutile5,6. some 
investigators also observed a positive effect of doping the 
titania sensors with metals like au, Pt, nb, Cu or Cr7,8.

Concerning the preparation of solid gas sensor from 
semiconducting material, sol-gel procedure belongs among 
widely used techniques despite of high precursor price and 
poor shelf-life of prepared sols9,10. however, this process 
allows a good control of surface properties such as com-
position, thickness and topology. a deposition of tio2 onto 
electrode with nanostructured surface can be then effected 
using dip-coating or drop-coating method. it is supposed the 
smaller size of semiconductor particles results in better sensi-
tivity. moreover, tio2 component should have a sufficiently 
porous structure.

Experimental
P r e p a r a t i o n  o f  a u  n a n o r o d s 

nanorod-structured surface of au electrode was fab-
ricated using an anodisk purchased from Whatman, which 
consists of al2o3 template sputtered on thin au substrate. au 
deposition conditions were set as follows:

electrolyte composition of 6 g dm–3 of k[au(Cn)2] and 
2.32 g dm–3 of h3bo3,
electrolyte temperature of 50 °C,
current density of 0.25 ma cm–2. 
the deposition time t (s) of au was calculated from fol-

lowing relationship: 

•

•
•

6 1.2 10Au
Im t
S

−= × ⋅ ⋅ , (1)

where mau [g] corresponds to amount of deposited au and 
I/S is a current density [ma cm–2]. From preliminary experi-
ments, the electrodeposition times of about 500 and 2,000 s 
are needed to produce au nanorods with approximate length 
of 1 µm using 20 and 100 nm al2o3 pore size, respecti-
vely. Finally, al2o3 template was eliminated by dissolving  
in naoh.

the obtained au nanorods were characterized by sem.

F i x a t i o n  o f  a u  n a n o s e n s o r 
Such prepared au nanosensor was fixed on corundum 

plate with thick-film platinum meander heater using glass 
paste.

D e p o s i t i o n  o f  t i o 2  n a n o s t r u c t u r e s
next step was aimed to immobilization of tio2 coatings 

by sol-gel technology starting from titanium tetrapropoxide 
precursor, ethanol as solvent and acetyl-acetone as stabilizing 
agent. the concentration of ti was 0.35 mol dm–3. the sol 
was simply dropped onto au surface of sensor with comb-
like structure (Fig. 1), then dried at 110 °C in oven and finally 
annealed at 450 °C in a furnace. also these samples were 
analyzed using sem. raman and Ftir-atr spectroscopies 
were employed to characterize tio2 phase constitution.

Results
as can be seen from sem characterization (Fig. 2), au 

nanorods reached the presupposed length of about 1 µm and 
thickness of 0.1 µm.

raman spectroscopic measurement showed the tio2 
structures are predominantly in anatase phase with a small 
portion of rutile and organic contaminants originated from 
precursor (Fig. 3)11. the study of annealing temperature 
influence revealed that a composition of amorphous and rutile 
phase dominates in tio2 film dried only at 110 °C. 

in addition, the presence of carbonate was also detected 
in samples prepared at 450 °C taking the Ftir-atr spectra 
(Fig. 4). the scientists suppose the elimination of this resi-
due detected at 1,380 cm–1 requires the temperature as high  
as 600 °C(ref.12).

Fig. 1.	 Schematic	illustration	of	gold-nanorod	electrochemical	
gas sensor with comb-like structure
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Conclusions
at higher annealing temperature, anatase was found to 

be the majority phase in tio2 structure, while at lower one, 
tio2 was rather in the rutile form mixed with amorphous 
phase. some organic and inorganic residues were also de-
tected even after calcination at 450 °C.

Due to impedance spectroscopic measurement, we can 
assume our tio2 structures are homogenous and suitable for 
detection of various gases.

This research has been supported by Grant Agency of 
the Academy of Sciencies of the Czech Republic under the 
contract GAAV 1QS201710508.
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Fig. 2.	 SEM	image	of	gold	nanorods	electrodeposited	through	
Al2O3	template

Fig. 3.	 Raman	spectra	of	TiO2 annealed at 110 °C and 450 °C

Fig. 4.	 FTIR-ATR	spectrum	of	TiO2 annealed at 450 °C
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Introduction
three methods of image analysis and densitometry were 

employed in this study to characterize influence of paper qua-
lity to quality of prints. image analysis methods investigate 
the quality of printed details. The size and ink influence of 
printed 2% screen dots were measured by analysis of partic-
les. modulation transfer function (mtF) and fractal analy-
sis were used for inspection of print edge. the 5 coated and 
5 uncoated offset printing papers were tested for inspecting 
quality of similar samples.

Experimental	Part
Screen dot size, fragmentation, fluctuation of colour 

(Fig. 2.) and missing dots were measured.
mtF was obtained from print edge for full printed pat-

ches1 (Fig. 3.).
Fractal analysis method was based on box Counting 

method2 (Fig. 4., eq. (1)).

ln NBBW (1/ε) = ln(KBBW) + DBBW ln(1/ε) (1)

where ε is cell size of square net, NBBW is number of black and 
partially black cells (Fig. 4.), DBBW is fractal dimension.

Results	and	Discussion
i m a g e  a n a l y s i s  o f  2 %  s c r e e n  D o t s

Area	of	screen	dots
average area of screen dot of coated samples is above 

of ideal screen dot size (436 µm2) – from 509 to 608 µm2 

Fig. 1.	 Construction	of	measuring	equipment

 (a) (b)
Fig. 2.  fragmented  screen  dot  (a),  fluctuation  of  ink  inside 
screen dot (b)

Fig. 3.  Procedure to obtain MTf, ESf/lSf – edge/line spread 
function,  R  –  reflectance,  u  –  space  frequency, × –  measured 
distance

Fig. 4.	 box	Counting	method
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(Fig. 5.) that refers to dot gain. the biggest dot gain is by the 
sample 2, can be classified as the best, because of less possi-
bility of missing dots.

mostly opposite situation is for the uncoated paper. the 
lowest dot gain is by sample 6.

Fragmented	and	missing	screen	dots
From the Fig. 6. we can conclude that uncoated sam-

ples are more predisposed to fragmentation of screen dots 
and to occurrence of missing screen dots. average frequency 
of screen dot fragmentation is for coated samples markedly 
lower as for uncoated samples.

From Figs. 7. and 8. can we draw the same conclusion as 
for the frequency of fragmented screen dots – higher amount 
of missing screen dots in uncoated samples. black prints were 
the best, more resistant to missing dots as all other colour 
prints. We can observe more missing screen dots for cyan, 
magenta and then for yellow colour. 

For all colours we can conclude that sample 4 is the best 
among the coated samples and sample 7 and 8 are the best 
among the uncoated samples.

m o d u l a t i o n  t r a n s f e r  F u n c t i o n
space frequency value suggests that the samples 2 and 3 

for face side and the sample 4 for reverse side are of higher 
quality (Fig. 9.). the lower quality sample was the sample 6.

F r a c t a l  a n a l y s i s  o f  P r i n t s
the results of fractal analysis clearly divided the studied 

samples into two groups (Fig. 10.) – coated and uncoated 
printing papers. the order of quality of the samples was the 
same for face and reverse side of printing papers – the best 
sample 4, the lowest quality sample 10.

D e n s i t o m e t r y
the parameters of Walker-Fetsko eq. (2)3, except of print 

smoothness parameter k, gain expected values for coated and 
uncoated papers, with exception of samples 2 and 5 (face and 
reverse side).

Fig. 5.	 Average	area	of	screen	dots

Fig. 6.	 Average	frequency	of	fragmented	screen	dots

Fig. 7.  frequency of missing screen dots, face side

Fig. 8.  frequency of missing screen dots, reverse side

Fig. 9.	 The	average	space	frequency	u
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y = (1 – e–kx){b(1 – e–x/b) + f [x – b(1 – e–x/b)]} (2)

where y – the amount of ink transferred to paper [g m–2],  
x – the origin amount of ink on printing plate, k, f and b – con-
stants obtained from graphical dependence.

the parameters of tolenaar-oittinen eq. (3) are more 
consistent. the parameters of steepness m and the parame-
ters of sharpness radius n determined from the curve of ink 
consumption have markedly higher values for the coated 
papers.

D = D∞ (1 – e–myn) (3)

where D∞ – optical density for y → ∞.
the trend of increasing trapping with increasing total 

porosity and decreasing with increasing average radius of 
pores for uncoated papers was observed. the opposite trend 
was observed for the coated papers. interesting correlation of 
linear regression between trapping and solid density of inks of 
primary colours for the coated papers was found – 86.4 %.

The dot gain value ∆AT(50 %) decreases with increa-
sing total porosity and decreases with increasing gloss and 
average radius of pores. no such correlation was found for 
uncoated papers.

We tried also to relate image analysis parameters and 
densitometry values. the 96% correlation of linear regres-

sion of black solid density for face and reverse side of coated 
papers and fractal dimension DBBW confirms that image ana-
lysis is a useful method for evaluation of quality printing.

Summary
expected correlation of densitometry values and pro-

perties of offset printing paper samples was not tight and 
for uncoated papers was almost none. the differences in the 
groups of papers were very small and taking into account er-
rors of measurements were statistically insignificant. Dissi-
pation of values is mostly lower for the coated papers, which 
refer to more homogenous surface of these samples.

image analysis methods allowed to classify quality of 
samples: the sample 4 and 2 belongs to the best quality and 
the sample 10 and 6 belongs to the least quality printing 
paper.

the correlation of classical parameters of printing qua-
lity for black printing ink and parameters obtained by the 
methods of image analysis was investigated. Good correla-
tions found for fractal dimension and parameters of surface 
roughness suggest the possible application and potential of 
further development.

Authors thank the Ministry of Education and Grant 
agency for financial support (Project 661/2003 KNIHA.SK, 
Project VEGA 1/0800/08 and Project VEGA 1/0815/08).
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Fig. 10.	 The	average	value	of	fractal	dimension
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Introduction
the aim of this study was ability of colour reproduction 

of historical documents by commercial semi-professional 
reproduction system. Colour management systems (Cms) 
and colour profiles (ICC profiles) of input/output devices 
were used. the quality of capture and printing operations was 
evaluated by colour difference value1,2.

Experimental	Part
Capturing devices – CCD cameras olympus C 7070 

WZ, Fujifilm FinePix S7000, Nikon D50; scanner HP ScanJet 
8300.

output device – epson stylus Photo r2400, solvent 
based ink k4.

measurement devices – spectrophotometers teChkon 
spectroDens, spectroscan.

Lightning – two light soLux, 4,700 k, 28,000 lx in posi-
tion of sample, 45 °/0 °.

ink-jet papers – epson archival matter, epson Premium 
semigloss Photo, epson Premium Glossy Photo, ilford 
smooth Pearl.

test targets – analogue target it8.7/2, kodak ektacolor 
Paper, 5” × 7”, 264 patches; digital target TC9.18 RGB, 918 
patches.

C o n v e r s i o n  o f  s r G b  C o l o u r  s p a c e 
t o  C i e  L * a * b *  C o l o u r  s p a c e

Exact definition of colour space sRGB permit transfor-
mation of srGb values to Cie L*a*b* colour space for eva-
luating of colour difference2.

Calculation of XYz colour values based on matrix equa-
tion 1 with previous modification of sRGB values2.

50 50

0, 4361 0,3851 0,1431
0,2225 0,7169 0,0606
0,0139 0,0971 0,7141

sRGB

sRGB

sRGBD D

X R
Y G
Z B

     
     =     
            

(1)

XYz colour coordinates was transformed to Cie L*a*b* 
colour coordinates and average colour difference values 
of test patches was calculated with respect to the original 
values.

Results	and	Discussion
The first step of digitizing process was test of different 

exposure conditions of digital cameras/scanner on reprodu-
ction of colour from original (264 colour patches) to captured 

picture. the selection of exact white balance value was based 
on grey balance of captured pictures. Table I shows the influ-
ence of saturation on the colour difference value. artificial 
saturation of colour increased colour difference value. Influ-
ence of exposure time on colour shift can be observed from 
Fig. 1. the best colour correlation to original was obtained 
for overexposed captured pictures. Colour profiles were pre-
pared for all captured pictures and average colour differences 
of patches were calculated (Table I) before (∆E*

ab1) and after 
(∆E*

ab2) applying of ICC profiles.
the lowest average colour difference before applying 

ICC profile was obtained for Fujifilm digital camera, fol-
lowed by olympus and nikon cameras respectively. after 

Fig. 1.  Exposure  time  shift,  CIE  l*a*b*  colour  space,  digital 
camera fujifilm, D50WS, dark grey – underexposure, light grey 
– overexposure, gray – right exposure, black – test target

table i
average colour differences ΔE*

ab for all digital cameras, the 
picture name define white balance (colour temperature), satu-
ration (s – satured, Ws – without saturation), overexposed 
pictures (o)

  Fujifilm
 Picture name Δe*

ab1 Δe*
ab2

 D50so 14.2 9.5
 D50Wso 11.1 8.2
 D42so 17.1 9.6
 D42Wso 14.1 9.4
  nikon
 Picture name Δe*

ab1 Δe*
ab2

 D50so 15.3 11.4
 D50Wso 13.8 11.2
 D65so 16.1 9.3
 D65Wso 14.4 9.3
  olympus
 Picture name Δe*

ab1 Δe*
ab2

 D50Wso 8.6  9.5
 D42Wso 12.8 10.6



Chem. Listy, 102, s265–s1311 (2008) Photochemistry

s1049

applying of ICC profile camera Fujifilm was the best fol-
lowed by nikon and olympus cameras.

We try to set the white balance to custom mode. the 
results were better only in the case without using of iCC pro-
file.

the average colour difference values for scanner 
(table ii) refer to better colour reproduction using embedded 
scanner profiling program.

the lowest average colour difference before applying 
ICC profile was obtained for Fujifilm digital camera, fol-
lowed by olympus and nikon cameras respectively. after 
applying of ICC profile camera Fujifilm was the best fol-
lowed by nikon and olympus cameras.

We try to set the white balance to custom mode. the 
results were better only in the case without using of iCC pro-
file.

the average colour difference values for scanner 
(table ii) refer to better colour reproduction using embedded 
scanner profiling program.

the next step was printing captured images using diff-
erent print conditions to minimize colour difference values. 
Before printing we prepare ICC profiles for different paper 
substrates.

table iii shows decreasing average colour difference of 
prints using ICC profile of printer.

average colour difference depends on gamut size of test 
charts (table iii, tC9.18, it8.7/2.

Fig. 3 shows the relations of gamuts of historical poster 
and capturing devices (represented by test chart). Colour ga-
mut of 264 colour patches test chart is bigger as colour gamut 
of historical poster.

Conclusion
Quality of digitized image represented by average colour 

difference of colour patches of digital cameras/scanner was 
the best for scanner – ∆E*

ab = 4.1. ink-jet printer reprodu-
ced cameras images with ∆E*

ab = 16 for 918 patches and 
∆E*

ab = 9 for 264 patches, result for the scanner was the best 
– ∆E*

ab = 4.1–6.5. in our case the colours of historical pos-
ter were inside the gamut space of tested input devices and 
mostly inside of gamut space of output device, therefore we 
can predict reproduction almost without any loss of colour 

table ii
average colour differences Δe*

ab, scanner hP

 Δe*
ab without Δe*

ab with iCC Δe*
ab ICC profile of  Cms profile of embedded program  ProfileMaker

 12.64 6.38 4.13

table iii
average colour differences Δe*

ab, epson printer, digital test 
charts tC9.18 and it8.7/2

  Δe*
ab

 Δe*
ab Δe*

ab
  without with with
 Paper type iCC iCC iCC 
  profile profile profile
   tC9.18 it8.7/2
 epson archival matte 34.50 18.50 9.81
 epson Premium 29.87 16.56 8.72
 Glossy Photo
 epson Premium 29.89 16.55 8.34
 semigloss Photo
 ilford smooth Pearl 30.39 16.68 9.22

Fig. 2.  The  sample  of  historical  poster,  43  measured  points, 
50 × 70 cm, 1925–1930, fujifilm

Fig. 3.  Historical  poster  (gray)  and  test  chart  (black),  CIE 
L*a*b*	colour	space
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information caused by adaptation of out-of-gamut colours 
within of obtained colour difference range.

Authors thank the Ministry of Education (Project 
661/2003 KNIHA.SK) and Slovak Grant Agency VEGA 
(Project VEGA 1/0800/08) for financial support.
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Introduction
The materials based on cellulose fibers (paper, card 

board) are sensitive to humidity and oxygen. Properties of 
packagings made of these materials may be improved by 
functionalization of paper surfaces. in combination with the 
characteristics of the basic materials, additional property pro-
files for different applications may be envisaged. Inorganic-
organic hybrid polymers (ormoCer®s: trademark of the 
Fraunhofer Gesellschaft zur Förderung der angewandten 
Forschung e. V., Munich) are well-suited for the specific 
functionalization of different polymer and paper surfaces. 
these materials are water-based or dispersed in nontoxic sol-
vents. Curing is performed photochemically or thermally at 
relatively low temperatures. resulting layers are transparent, 
sturdy and chemically stable. the gas permeability of coated 
papers is significantly reduced and barrier properties to water 
vapour and odours are enhanced1.

Papers and boards have to comply with certain demands 
for a successfull application of inorganic-organic hybrid 
polymers. the coated substrate should have a smooth, com-
pact and non-porous surface preventing the low-viscosity 
coating solution penetrating deep into the paper profile and 
enabling even and homogeneous coating. the surface ten-
sion value should be above 40 mn m–1 in order to ensure  
a good wettability. the application of a coating primer might 
be necessary to fulfil these demands. With respect to the pros-
pect application of these materials in the packaging industry, 
it is necessary to ensure these materials poses barrier proper-
ties and at the same time they are biodegradable and environ-
mentally friendly. 

these special material properties can be ensured by us-
ing hydrophilic water-based coating materials and a photo-
chemical curing. such systems feature multiple advantages, 
such as low voC emission, low irrability, high speed curing, 
high gloss of cured coatings and simple processing. how-
ever, drying prior to curing is necessary2.

Poly (vinyl alcohol) (PVal), is a water soluble, film-
forming, biodegradable polymer, unfortunately with insuf-
ficient resistance to water and water vapour. It is believed 
that modification of PVa by various organic moieties can 

significantly improve the barrier properties of coatings pre-
pared from these modified grades of PVal thus widening the 
application possibilities in the packaging industry.

the goal of this work was to study the ways of improv-
ing barrier properties of paper by coating it with hybrid in-
organic-organic polymer ormoCer®s. a primer consist-
ing of uv-curable Pval containing methacrylate moieties 
(poly(vinyl alcohol-co-vinyl hydroxypropyl methacrylate)) 
was used for planarization of the substrate. the composition 
of both active layers was optimized and water the vapour per-
meability was determined gravimetrically.

Experimental
m a t e r i a l s

Poly(vinyl alcohol) sloviol 8-98 (nChz, slovakia), gly-
cidylmethacrylate (Gma, merck, Germany), n,n-dimethyl-
formamid (DmF, Lachema, Czech republic), dimethyl sul-
foxide (Dmso, merck, Germany), ormoCer (Fraunhofer 
Gesellschaft zur Forderung der angewandten Forschung, 
munich, Germany), irgacure 2959 (Ciba, switzerland), irga-
cure 184 (Ciba, switzerland), ethanol (merck, Germany) and 
acetone (merck, Germany) were used.

P r e p a r a t i o n  o f  P o l y ( v i n y l  a l c o h o l ) 
D e r i v a t i v e 

10 g Pval was dissolved at 90 °C in a mixed solvent 
(50 ml DmF and 50 ml Dmso). after complete dissolu-
tion, the mixture was cooled to 70 °C and 1 ml of Gma 
and 2.5 ml of 5 % wt. ethanolic solution of koh was added 
dropwise. mixture was kept at 70 °C for an hour and con-
stantly agitated. then it was cooled to ambient temperature, 
diluted with 25 ml of water and the product was precipitated 
into an excess of ethanol. the precipitate (Pval-Gma) was 
collected, washed in acetone and dried to constant weight at 
room temperature3.

P o l y m e r i z a t i o n  k i n e t i c s 
m e a s u r e m e n t

samples were prepared by mixing the photoinitiator 
initiator irgacure 184 with ormoCer®s and irgacure 2959 
an with aqueous solution of modified PVal (PVal-GMa) in 
varying ratios. these coating compositions were coated onto 
aluminum plates and cured at the light intensity 12 mW cm–2 

(medium pressure mercury vapour lamp, 250 W).
Polymerization kinetics was evaluated on the basis of 

Ftir spectroscopy measurements (spectrophotometer excal-
ibur Digilab Fts 3000mX, usa). the absorption band at the 
frequency of 1,635 cm–1 corresponding to the C = C bonds, 
was monitored. the monomer conversion × was determined 
on the basis of decrease of the absorption band intensity ac-
cording to 

where [Aλ]0 and [Aλ]t is the absorbance measured at the cho-
sen wavelength before and after the exposure to uv light for 

,	 (1)
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the time t, respectively. the values of maximum conversion 
Xmax were obtained from the plots of × and Rp vs. time.

t h e  w a t e r  v a p o u r  P e r m e a b i l i t y 
m e a s u r e m e n t

The watervapour permeability (WVP) was quantified 
according to a German standard Din 53 122 and determined 
as an amount of the water vapour in grams passed through 
paper sample of a certain thickness within 24 hours at the 
temperature of 20–23 °C and relative humidity of 85 % pro-
vided by saturated kCl solution. Water vapour was quantita-
tive absorbed on silicagel.

Results
in order to optimize the coating compositions we pre-

pared samples of ormoCer®s containing 1, 3 and 5 % wt. 
of irgacure 184. During the curing process, a decrease of 
absorbance can be observed in the bands characteristc for 
carbon-carbon double bond (810 a 1635 cm–1). as shown in 
Figure 1, the initial rate of curing is the fastest for 5 % wt. 
content of photoinitiator, where 70 % conversion is achieved 
within 40 s. sample containing 3 % wt. of initiator takes 
2 minutes to reach the same conversion while sample con-
taining 1 % wt. of initiator takes 5 minutes. however, in the 
case of all three samples the curing process was completed 
and the conversion reached 88–90 %.

The modification reaction performed on PVal lead to the 
epoxide ring opening and the attachment of hydroxypropyl 
methacrylate moieties onto the Pval macromolecular back-
bone. therefore the uv curing process will be performed 
through radical polymerization of methacrylate groups in the 
lateral moieties.

as the modified product was soluble in water, also water 
soluble initiator was chosen (irgacure 2959). samples were 
not cured immediately after coating, but solvent water had to 
be evaporated first. Similarly to ORMOCER®s, samples of 
containing 1, 3 and 5 % wt. of irgacure 2959 were prepared.

the highest conversion was achieved with 3 % wt.  
of initiator, sufficient curing was observed also in the case  
of 5 % wt. composition. however, in the case of 1 % wt. 
composition sufficient conversion can not be reached even 
after substantial extension of curing time.

Water vapour permeability (WvP) is a very important 
property of packaging materials. We determined the WvP of 
a paper and also observed the changes in WvP after coat-
ing with ormoCer®-lacquer. some samples featured an 
intercoating of Pval-Gma, applied as s planarizing primer. 
With respect to the results of primary double bond conversion 
study, we used 3 % wt. of photoinitiators for both systems 
and coatings were cured for 5 minutes, this corresponds to 
the exposure dose 8.4 J m–2. WvP was determined gravimet-
rically and the results are summarised in table i.

as presented in table i, the WvP was basically not al-
tered by coating with Pval-Gma. after curing this coating, 
the WvP decreased by 34 %. a similar value was achieved 
by coating the paper with the ormoCer®-coating and 
curing. Significant decrease in WVP was achieved when  
the primer coating of Pval-Gma was used. since WvP  
is not a material constant, its value depends on the least 
permeable component of a system. therefore it is possible  
to conclude that the 68 % decrease of WvP in the case  
of triple system with both coatings cured is caused by 

Fig. 1.  Influence of  exposition dosage  (ED) on  the UV curing 	
of	 ORMOCER®s	 at	 various	 Irgacure	 184	 concentrations		
(1 % ■, 3% ▲ and 5 % ♦;  layer  thickness 10 µm) at  the  light 
intensity	28	mw	cm–2

Fig. 2.  Influence  of  exposition  dosage  (ED)  on  the  UV  cur-
ing  of  PVAGMA  at  various  Irgacure  2959  concentrations	
(1 % ■, 3% ▲ and 5 % ♦;  layer  thickness 10 µm) at  the  light 
intensity	12	mw	cm–2

table i
Water vapour permeability for paper coated with photochem-
icall active polymers (uncured u, cured c)

 sample WvP [g m–2 day–1]
 Paper 1,200
 Paper/PvaGma(u) 1,150
 Paper/PvaGma(c) 800
 Paper/ormoCer®s(c) 750
 Paper/PvaGma(u)/ormoCer®s(c) 600
 Paper/PvaGma(c)/ormoCer®s(c) 390
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higher smoothness and pore closing resulting from the ef-
fect of the primer. as a direct consequence, the second layer  
of ormoCer®s is more even and homogeneous and there-
fore its barrier effect is more pronounced.

Conclusions
The UV curable polymer films were prepared by addi-

tion of radical-type photoinitiators to ormoCer and Pval-
Gma. according to spectroscopic monitoring of the curing 
process, optimal curing conditions were determined (3 % wt. 
of photoinitiator for both polymers, exposure dose 8.4 J m–2. 
Paper coated with Pval-Gma primer and ormoCer active 

layer features significantly lower WVP – a decrease by 68 % 
comparing with uncoated paper was observed.

This work has been supported by Slovak Grant Agency 
VEGA (project VEGA 1/0815/08 and VEGA 1/4095/07).

reFerenCes
 1. amberg-schwab s.: PTS Symposium Innovative Pack-

aging, p. C02, munich, 2005.
 2. Decker C., masson F., schwalm r.: JCt research 1, 

127 (2004).
 3. Dzik P., Veselý, M.: Chemické listy 100, 70 (2006). 



Chem. Listy, 102, s265–s1311 (2008) Photochemistry

s1054

P08	 INFLUENCE	OF	AGEING	ON	OPTICAL	
PROPERTIES	OF	ARYLMETHANE	DYES

bohusLava havLínová, viera JaNČOVIČOVá 
and mirosLava PETROVIČOVá
Department of Printing Arts Technology and Photochemistry 
IPM, Faculty of Chemical and Food Technology SUT, Rad-
linského 9, 812 37 Bratislava, 
viera.jancovicova@stuba.sk

Introduction
arylmethane dyes represent one of the oldest man-

made dyestuffs. Primarily, Fuchsin and methyl violet were 
manufactured at the end of the 19th century. a milestone in 
the synthesis of arylmethane dyestuffs was the discovery (by 
michler in 1867) of the reaction of phosgene with dimethyla-
niline. based on this reaction, Caro and kern prepared Crys-
tal violet in 1883. Fisher described, in 1887, the process of 
preparing malachite Green, which is still employed on an 
industrial scale1,2. Later, other types of arylmethane dyes 
were prepared on the basis of hydroxyl triphenylmethane and 
xanthene compounds, and additionally acidic triphenylmet-
hane dyes obtained by sulphonation of basic dyestuffs.

Damage to archive documents (bleaching, colour chan-
ges, total loss) written with tools based on arylmethane dyes, 
initiated the study of processes responsible for these devas-
tating changes. the knowledge of the mechanisms of these 
processes opens new possibilities for the stabilization and 
preservation of such documents.

as arylmethane dyes in inks are water-soluble, it is essen-
tial that they are protected if aqueous conservation treatment 
is undertaken. Fixatives used for such a purpose must meet 
certain criteria (besides being able to fix the dye). In particu-
lar they must not change (or only by a minimal amount) the 
optical appearance of the object, i.e. neither cause colouring 
nor damage of the support material nor decrease the aging 
resistance of the dye-paper complex. the reversibility of the 
whole process, i.e. the possibility of removing the agent from 
the support, should also be taken into an account3.

Experimental
in our experiments we used acidic, partly groundwood 

containing paper produced by Slavošovské Papierne (Slavo-
šovce, Slovak Rep.)

the colorants used in the tests were arylmethane dyes 
(basic red 9, acid Green 16). basic blue 9 (methylene blue) 
is a phenotiazine dye with poor lightfastness. the dyes were 
provided from triaDe, netherlands.

The fixatives used were following:
Fixing agent from neschen company, Germany, suspen-

sion consisting of 1,2 % mesitol nbs (bayer aG) and 6 % 
rewin eL (Chemische Fabrik tübingen), ph = 6.2 (further 
marked as neschen).

Sandofix WE – (Sandoz aG), 10% water solution, 
ph = 4.1.

Cyclododecane C12h24, solution prepared from 5 g 
cyclododecane and 40 g toluene.

Deacidification solution (aqueous solution of a mixture 
of magnesium and calcium bicarbonates, ph = 7.4) was pre-
pared from 17 g mgCo3 and 2 g CaCo3 per 1 dm3 of water 
saturated with gaseous carbon dioxide. the samples were 
prepared as follows: paper rectangles measuring 7 × 12 cm 
were coloured wit solutions of different dyes (1 ml) and air 
dried at room temperature. Colorants basic red 9 (basic 
Fuchsin), acid Green 16 and basic blue 9 (methylene blue) 
were used as 0.2% solution in a mixture of distilled water and 
ethanol (1 : 1). Paper samples were immersed for 2 minutes 
into solutions of Neschen and Sandofix fixing agent, while 
cyclododecane was applied by brush on both sides on the 
samples. 

the samples were submitted to accelerated aging by 
moist heat at 80 °C and 65 % rh in a climatic chamber (Feu-
tron Gmbh, Greiz, Germany (0, 3, 6, 12, 24 days). the pro-
perties of the paper samples were measured according to the 
slovak technical standards (stn) and stn iso standards. 
a spectrophotometer spectrolino (Gretag macbeth aG, 
regensdorf, schwitzerland) was used for measurements of 
the colour components ∆L*, ∆a*, ∆b* before and after acce-
lerated aging on coloured paper, after fixing and after fixing 
and deacidification treatments.

Fig. 1.  Colour  fastness  of  Acid  Green  16  after  ageing; 	
(a) – fixation, (b) – fixation and deacidification
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Results
accelerated aging of coloured paper provided complex 

problems because during the aging procedure the chemical 
and mechanical properties of the paper, as well as of the aryl-
methane components are changing simultaneously.

Fig. 1. presents dependency of total colour difference 
changes for paper coloured with 0.1% acid Green 16, after 
moist heat aging. Despite an initial increase of ∆E* caused 
by the fixatives, especially by cyclododecane, it can be seen 
that all three fixing agents caused a significant decrease after 
24 days of this aging, for Sandofix and cyclododecane there 
was a colourfastness improvement of about 35 %. after the 
deacidification of samples fixed by cyclododecane another 
decrease (49%) was observed down to ∆E*

ab = 11.0 after 
24 days of accelerated aging (Fig. 1.).

Fig. 2. shows the the behaviour of basic red 9 dye 
applied to paper as 0.1% ethanolic solution after moist heat 
aging. moist heat fastness of the dye was improved after 
fixing and deacidification. This was particularly apparent from 
the decrease of total colour difference after 12 and 24 days  
of accelerated aging compared to aged, unfixed paper.

moist heat accelerated aging of paper coloured with 
0.2% Basic Blue 9 solution caused a decrease of ∆E*

ab for 
all three fixing agents compared to non-fixed samples. The 
best fixing effects was shown by Sandofix (38% decrease). 
all three fixing agents caused about a 40% decrease of ∆E*

ab 
after deacidification of the fixed paper samples (Fig. 3.).

Conclusions
It is possible to suppose that one universal fixing agent 

will have same beneficial effect on all types of dye of all 
archival documents. 

the best lightfastness of arylmethane dyes, after being 
fixed with cyclododecane was shown to be acid Green 16 
and basic red 9 (decrease about 25 %) and followed by dea-
cidification, acid Green 16 and Basic Blue 9 (decrease about 
46 %).

after fixing with Neschen fixing agent or Sandofix 
respectively and subsequent deacidification, the best light-

Fig. 2.  Colour fastness of Basic Red 9 after ageing; (a) – fixa-
tion, (b) – fixation and deacidification

Fig. 3.  Colour fastness of Basic Blue 9 after ageing; (a) – fixa-
tion, (b) – fixation and deacidification

table i
Total colour difference (ΔE*

ab) of the coloured samples 
after accelerated aging (24 days) by moist heat at 80 °C  
and 65% rh

  acid basic basic
  Green 16 red 9 blue 9
 Coloured paper 32.3 39.5 23.8
 Fixed by neschen 27.7 30.1 22.6
 Neschen + deacidification 23.5 29.0 13.4
 Fixed by Sandofix 24.2 24.2 14.8
 Sandofix + deacidification 26.3 28.0 14.7
 Fixed by cyclododecane 24.1 28.6 20.8
 Cyclododecane + 16.6 28.6 13.3
 deacidification
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fastness was seen on the sample of basic blue 9 (decrease 
44 %). 

the highest resistance towards moist accelerated aging 
after being fixed using cyclododecane and was recorded for 
acid Green 16. Good lightfastness of arylmethane dyes, after 
being fixed with cyclododecane and then deacidified we have 
seen in samples of acid Green 16 and basic blue 9.

after fixing with Neschen and Sandofix fixing agents, 
the highest resistance towards moist accelerated aging was 
seen in samples of basic blue 9.

This work has been supported by Slovak Grant Agency 
VEGA (project VEGA 1/0800/08) and project MVTS COST 
D42/08.
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Introduction
one of the most important part of uv cured systems 

are photoinitiators. the initiator plays a key role in that it 
governs both the rate of initiation and the penetration of inci-
dent light into the sample, and therefore controls the depth 
of cure. the rate of polymerization depends initially on the 
reactivity of the functional group, its concentration and the 
viscosity of the resin1. the present range of commercial pho-
toinitiators has absorptions that covers the whole spectrum of 
UV and near visible light and allows the efficient formulation 
for majority of uv curing applications. more recent develo-
pments in photoinitiator technology are addressing particular 
problems that have risen in uv curing, such as that of migra-
tion from coatings into foodstuffs, etc. and the introduction of 
polymeric photoinitiators to counter this effect.

in this work were investigated properties (absorption 
spectra and molar absorption coefficients, rate of photo-
decomposition, number of photodecomposition products) of 
four photoinitiators. two of them are commercially available 
initiators (irgacure 2959, irgacure 261) and the other two are 
new prepared photoinitiators (hP1 and Cb). Cb is cationic 
organometallic photoinitiator and hP1 is hybrid photoini-
tiator which can efficiently initiate polymerization reaction 
of both free radical and cationic polymerization2. the detai-
led synthesis of hP1 was described in previously publicated 
works3,4 and synthesis of Cb in works5,6. the investigated 
photoinitiators are shown in Fig. 1.

Experimental
u v - v i s  s p e c t r o s c o p y

uv-vis absorption spectra and photolysis of photoiniti-
ators were monitored by uv-vis spectrometer specord 210 
(analytik Jena aG, Germany) in solutions of photoinitiators in 
acetonitrile at room temperature. the molar absorption coeff-
icients were calculated using the Lambert-beer’s law. Photo-
lysis of photoinitiators (concentration of 1 × 10−4 mol dm–3) 
was followed by decreasing the absorption bands after ir-
radiation by high-pressure mercury lamp (Ce Green spot 
from uv source inc., usa). the intensity of irradiation was 
500 mW cm–2 (in the spectral region 258–380 nm). the nor-
malized absorbance an was calculated by equation:

an = (a0–at)/(a0–a∞), (1)

where A0 is absorbance of measured band before the irradi-
ation, A∞ is absorbance after the final photolysis and At is 
absorbance after the irradiation time t. 

the dependence of normalized absorbance on the irradi-
ation dose was described by (2) for first-order reaction:

an = P1(1–e−P2e), (2)

where P1 is maximal normalized absorbance, P2 is rate of 
decomposition after irradiation and e is the irradiation dose 
(mJ cm–2). From equation (3), e1/2 can be calculated as the 
energy needed to achieve the half photodecomposition.

e1/2 = ln2/P2 (3)

the degree of photodecomposition XP of initiators for 
irradiation dose e was calculated from (4):

XP = an/P1 (4)

D e t e r m i n a t i o n  o f  t h e  n u m b e r  o f 
D e c o m p o s i t i o n  P r o d u c t s  a f t e r  u v 
P h o t o l y s i s  b y  F a c t o r  a n a l y s i s

the photolysis absorption spectra of solutions of stu-
died photoinitiators in acetonitrile were used for the deter-
mination of the number of components k in the solution by 
factor analysis in the inDiCes algorithm. the inDiCes7,8 
determines the number of dominant components present in 
the equilibrium mixture. in this algorithm the various indi-
cator function Principal Components PC(k) techniques were 
developed to deduce the exact size of the true component 
space and can be classified into two general categories:  
(i) precise methods based upon the knowledge of the experi-
mental error of the absorbance data, sinst(A), and (ii) appro-
ximate methods requiring no knowledge of the experimental 
error, sinst(A). in general, more precise and most inclining 
methods are based on the first criterion concerning the pro-
cedure of finding the point where the slope of the indicator 
function PC(k) = f(k) changes. each “real” factor correspon-
ding to an actual absorbing component in solution will cause 
a dramatic decrease in PC(k) value, whereas superfluous 
factors cause only very small decreases. elbergali et al.9 

Fig. 1.	 Prepared	photoinitiators	HP1	and	Cb	and	commercial	
photoinitiators Irgacure 261 and Irgacure 2959
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proposed a modification of index methods using derivati-
ves to improve identification of the number of components. 
the second derivative sD(k) – the number of components 
in solution is equal to k where sD(k) has its first maximum 
(except k = 2). the third derivative tD(k) – the number of 
components in solution is equal to k where tD(k) has its first 
minimum (except k = 2). the derivatives ratio roD(k) – the 
number of components in solution is equal to k where sD(k) 
has its first maximum (except k = 2).

Results
u v - v i s  s p e c t r o s c o p y

uv spectra of all investigated photoinitiators are shown 
on Fig. 2. Molar absorption coefficients at the most impor-
tant emission wavelengths of the medium-pressure mercury 
lamp are summarized in table i. the absorption spectrum 
of prepared cationic photoinitiator Cb is similar to the 
spectrum of commercial cationic photoinitiator irgacure 261. 
the exchange of isopropyl ligand by chlorine caused hyp-
sochromic shifts from 391 nm to 377 nm and from 456 nm 
to 446 nm. Photoinitiator hP1 has higher molar absorption 
coefficients for all main emission bands of medium-pres-
sure mercury lamp than the other tested photoinitiators 
(with exception of initiator irgacure 2959 and emission band 
303 nm; Table I). This is useful for commercial applications, 
because medium-pressure mercury lamp is often used as uv 
source for curing of inks, varnishes, etc.

P h o t o l y s i s  o f  i n i t i a t o r s
the photolytic decomposition of initiators after uv ir-

radiation was investigated by uv-vis spectroscopy. Photo-
lysis spectra of initiators are on Fig. 3. the concentration of 
photoinitiators was 1 × 10−4 mol dm–3 in acetonitrile and ir-
radiation dose was 0–3,600 mJ cm–2. arrows mark the change 
of absorption bands during the uv exposure. isoabsorptive 
points indicate that photoinitiators photodecomposition pro-
ceeded selectively without side reactions.

the degree of photoinitiators decomposition caused 
by uv irradiation was evaluated from absorption changes 
at such wavelengths, where only respective photoinitiator 
absorb (not products of its photodecomposition): 243 nm for 
Cb, 243 nm for irgacure 261 and 290 nm for irgacure 2959. 
In case of HP1, it was difficult to analyse the decomposition 
spectra due to overlapping of spectra of adduct and products 
of photolytic reaction. Therefore it was not possible to find 

the wavelength corresponding only to the decomposition of 
radical or cationic part of molecule. For the basic informa-
tion about photolysis of hP1, the wavelength 196 nm was 
chosen.

the dependences of photoinitiator normalized absorbance 
an (1) on UV dose were fitted by non-linear regression accor-
ding to (2) (Fig. 4.). the non-linear regressions were tre-
ated by software statistiCa. the adequacy of proposed 
regression model with experimental data and the reliability 
of parameter estimates P1 and P2 found (table ii) were exa-
mined by the goodness-of-fit test. The determination coeffi-
cients r2 are equal to 99.6 % or better. applying (3) to the 
data according to the regression criterion, the energy needed 
to achieve of photodecomposition of 0.5 (e1/2) has been esti-
mated (table ii). Comparing the values of e1/2 it is apparent  

Fig. 2.  Absorption  spectra  of  photoinitiators  in  acetonitrile 
(concentrations 1 × 10−4 and 2 × 10−2	mol	dm–3)

table i
Molar absorption coefficients ε [dm3 mol–1 cm–1] of photoi-
nitiators in acetonitrile at the most important emission wave-
lengths of the medium-pressure mercury lamp

 Photoinitiator 253 nm 303 nm 313 nm 365 nm
 hP1 15,443 1,652 898 194
 Cb 7,129 366 242 48
 irg. 261 7,051 452 316 91
 irg. 2959 5,270 1,725 421 14 Fig. 3.  Absorption  spectra  of  photoinitiators  in  acetonit-

rile  (concentration  of  1 × 10−4	mol	dm–3)	 measured	 after	 UV		
exposure
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that prepared hybrid photoinitiator hP1 and free radical pho-
toinitiator irgacure 2959 needs approximately 3 times less 
energy for the decomposition (with high-pressure mercury 
lamp as uv source) and the rate of photolysis is faster as 
compared to cationic photoinitiators (irgacure 261 or Cb).

normalized absorbances were recalculated by equa-
tion 4 and the degree of photodecomposition XP of initiators 
for irradiation dose e was obtained (Fig. 5.). From Fig. 5. is 
apparent that the course of photolysis of prepared hybrid pho-
toinitiator hP1 is very similar to that of radical initiator irga-
cure 2959 and the photolysis of these initiators is much faster 
than photolysis of cationic initiators Cb and irgacure 261.

D e t e r m i n a t i o n  o f  t h e  n u m b e r  o f 
D e c o m p o s i t i o n  P r o d u c t s  a f t e r  u v 
P h o t o l y s i s  b y  F a c t o r  a n a l y s i s

the photolytic absorption spectra of photoinitiators 
(Fig. 3.) were used as absorption matrix for determination of 
number of components k in solution (after photolysis). For 
inDiCes methods on Fig. 6 (the residual standard deviation 
– rsD, the root mean square error – rms, the third deri-
vative – tD and derivatives ratio – roD), the dashed line 
denotes the value of the instrumental error, sinst(a). the best 

approximation of sinst(a) for hybrid initiator hP1 was found 
for k = 5. the indices methods and their derivatives lead to 
estimation of five light absorbing components in the photoly-
sis reaction system (Fig. 6.). one of them is original hP1 and 
the others are decomposition products. the estimated num-
ber of components (adduct and products) corresponds to the 
results of mass spectrometry (analysed was sample of hP1 in 
acetonitrile after uv photolysis). With this analytical method 
were detected four decomposition products with molecular 
weights of 218, 232, 477 and 654 g mol–1.

analysis of inDiCes methods for cationic photoi-
nitiator irgacure 261 leads to an estimation of three light 
absorbing components in the photolysis reaction system.  

Fig. 4.  Dependence of normalized absorbance of  initiators on 
UV	dose

table ii
estimated parameters P1 and P2, e1/2 [mJ cm–2] and determi-
nation coefficient R2

  hP1 Cb irg. 261 irg. 2959
  (196 nm) (243 nm) (243 nm) (290 nm)
 P1 0.986  1.024  1.008 1.0526
 P2 3.3 × 10−3 1.37 × 10−3 1.32 × 10−3 4.1 × 10−3

 r2 0.9960 0.9981 0,9990 0.9991
 e1/2 210 506 525 169

Fig. 5.	 Dependence	of	degree	of	initiators	decomposition	on	UV	
dose

Fig. 6.	 The	logarithmic	dependence	of	representative	functions	
of INDICES algorithm as a function of the number of principal 
components	(k) for the absorbance matrix of photolysis equilib-
ria of hybrid initiator HP1
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one of them is irgacure 261 and the others are products of 
photoinitiator decomposition (isopropyl benzene and fer-
rocene), which corresponds to conclusions that have been 
published elsewhere10. During the decomposition of irga-
cure 261, inorganic compound Fe(PF6)2 is also formed (non-
absorbing in measured uv region). 

all index methods proved three light absorbing compo-
nents of Cb photolytic equilibria (Cb, ferrocene and chloro-
benzene). Prepared cationic initiator Cb has similar structure 
as cationic photoinitiator irgacure 261 and results of factor 
analysis (number of decomposition products) are for both ini-
tiators the same. From uv-vis spectra and information from 
literature10,11 about photodecomposition of iron-arene com-
plexes it can be assumed that the reaction mechanism of the 
decomposition of Cb under uv light is similar as for irga-
cure 261. the suggested decomposition schema of initiator 
Cb is on Fig. 7. For free radical photoinitiator irgacure 2959, 
the inDiCes methods prove that there are four light absor-
bing components in the photolysis equilibria mixture. the 
molecular weights of individual photolysis products of irga-
cure 2959 detected by mass spectrometry are 166, 314, 330 
and 478 g mol–1, respectively. Photolysis products of initia-
tors irgacure 261 and Cb were not detected, which is proba-
bly caused by low molecular weights of expected decomposi-
tion products resulting in the low sensitivity of measurement 
with the ion trap analyzer.

Conclusions
the photodecomposition rate of prepared hybrid pho-

toinitiator is similar to radical initiator irgacure 2959. these 

two initiators need approximately 3 times less energy (high-
pressure mercury lamp as uv source) than cationic orga-
nometallic photoinitiators irgacure 261 and Cb to achieve 
half photodecomposition. the estimated number of photo-
decomposition products of initiators after uv photolysis by 
factor analysis show good correlation with results published 
elsewhere10,11 about photodecomposition of organometallic 
initiators or obtain from mass spectrometry.

This work was supported by the Ministry of Education, 
Youth and Sports of the Czech Republic, project No. MSM 
0021627501.

reFerenCes
 1. Decker C.: macromol. rapid. Commun. 23, 1067 

(2002).
 2. Jašúrek B., Vališ J., Weidlich T.: Proceedings of RadTech 

Europe 07 (CD), vienna, 2007.
 3. Jašúrek B., Vališ J., Weidlich T., Knobloch J.: RadTech 

Europe 2005, barcelona, 2005. http://www.coatings.de/
survey_rte/poster.cfm, 

 4. Jašúrek B., Vališ J., Weidlich T., Otáhalová L.: Procee-
dings of 2nd International Symposium on Novelties in 
Graphic (CD), p. 140. Ljubljana, 2006.

 5. Vališ J., Weidlich T.: adv. Colour Sci. Technol. 6, 73 
(2003).

 6. Jašúrek B., Vališ J., Weidlich T.: Proceedings of RadTech 
Europe 2003, p. 919. berlin, 2003.

 7. meloun m., et al.: anal. Chim. acta. 423, 51 (2000).
 8. Syrový T.: Dissertation. university of Pardubice, Pardu-

bice 2005.
 9. elbergali a. k., et al.: anal. Chim. acta 379, 143 

(1999).
 10. Crivello J. v., Dietliker k.: Chemistry and Technology 

of UV & EB Formulation for Coatings, Inks & Paints, 
Volume III: Photoinitiators for Free Radical, Cationic 
& Anionic Photopolymerisation, 2nd ed., Wiley, London 
1998.

 11. Gill t. P., man k. r.: inorg. Chem. 22, 1986 (1983).

Fig. 7.	 Suggested	photodecomposition	schema	of	prepared	ini-
tiator	Cb



Chem. Listy, 102, s265–s1311 (2008) Photochemistry

s1061

P11	 STUDY	OF	STAbILIzATION	OF	DOCUMENTS	
CONTAINING	IRON	GALL	INkS	bY	
TREATMENT	OF	ATMOSPHERIC	DbD	N2	
PLASMA

miLena reháková, miChaL ČEPPaN and miLan 
mikuLa
Slovak University of Technology in Bratislava, Faculty of 
Chemical and Food Technology, Radlinského 9, 812 37 Bra-
tislava, Slovak Republic,
milena.rehakova@stuba.sk

Introduction
Problems of iron gall inks corrosive effect on paper sup-

port is solved in conservation practice by basic treatment of 
endangered documents in deacidification solutions of Mg or 
Ca salts1. However, this treatment is not sufficient and for 
preservation of acceptable practical properties some other 
processing – like application of reinforcing agents, antio-
xidants or some substances which can remove excessive 
mobile forms of present transitional metals (iron)2. in recent 
times also favourable influence of plasma treatment on paper 
support leading to improvement of its mechanical properties 
were proven3.

the aim of this work was study of application tech-
niques of chitosan as reinforcing substance of alkaline nature 
with anti-microbiological effect for processing of paper con-
taining iron gall ink followed by its treatment in dielectric 
barrier discharge (low-temperature plasma). The influence of 
potassium iodide – as antioxidant agent – on changes of some 
properties of treated papers was followed as well.

Experimental
iron gall ink prepared according to the recipe4 was 

applied to wood-free filter Whatman paper No. 1 (Cat 
no. 1001917), producer Whatman Laboratory Division, 
maidstone, england, basis weight 90 g m–2, ph 7, with the 
help of plotter (hi-1117e image maker, houston instrument) 
in quantity of 2.65 ± 0.05 g m–2. in order to get a model of 
older writig, samples were artificially aged in a closed space5 
during 4 hours and they were named as “C” (control).

tested samples were treated by different techniques:
technique a: impregnation by 0.5 % wt. of chitosan 
solution (sigma-aldrich, usa) in 0.1 mol dm–3 acetic 
acid for 10 minutes, pressing out of excessive modifica-
tion agent on an inert support and drying. the samples 
designation: Cha.
Technique B: continual modification in chitosan solu-
tion (for about 5 s) and drying at ambient conditions. 
the samples designation: Chb.
technique C: technique a continuing with activation 
of samples surface by plasma – (atmospheric plasma 
surface treatment technique) (DbD in n2 atmosphere at 
atmospheric pressure: 15 kv, 5 khz, 0.1 W m–12, dura-
tion of action 5 s, n2 flow rate 5 dm3 min–1)6. the sam-
ples designation: ChP.

•

•

•

technique D: activation of paper surface by plasma 
under the same conditions as above mentioned tech-
nique C and subsequent application of technique b. the 
samples designation: PCh.

before application of chitosan and plasma, one part 
of samples was immersed in 0.01 mol dm–3 solution of ki 
(Lachema brno, Czech republic) for 1 minute and dried 
between two filter paper sheets at the given pressure. The 
samples are marked as ki ChP (made by technique C) and 
ki PCh (made by technique D). 

after modification the samples were pre-conditioned 
in bottles and artificially aged at 90 °C according to Bégin-
kaminska method5 during 0, 2, 4, 8 and 24 hours. after 
ageing they were again air-conditioned (24 hours, 23 °C, 
50 % rh) and tested for changes mechanical properties cau-
sed by modification treatment. They were folding endurance 
(mit method according to astm D 2176, tinius olsen, 3 n, 
cross direction, average of 10 measurements with standard 
deviation 35 ± 5 %) and zero-span breaking length (equip-
ment FDP 40).

Results
i n f l u e n c e  o f  t e c h n i q u e  o f 
C h i t o s a n  a p p l i c a t i o n

it was found out by gravimetry that the amount of chito-
san deposited by two different procedures a and b described 
above in experimental part was the same (1.80 ± 0.02 g m–2). 
From Fig. 1. it can be seen that longer impregnation time 
with pressing out of modification solution (CHa) signifi-
cantly increases folding endurance. For samples with shorter 
impregnation time but without pressing (Chb) increase of 
double folds was recorded comparing to the original sample, 
however after 2 hours of accelerated ageing the differences 
were negligible. it can be explained by penetrating of chi-
tosan throughout the whole volume of sample during longer 
impregnating time while at the shorter time it rests mostly on 
the sample surface.

•

Fig. 1.  folding  endurance of  samples modificated with  chito-
san by two different methods in aging time
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i n f l u e n c e  o f  t e c h n i q u e  o f 
C h i t o s a n  a p p l i c a t i o n  a n d  P l a s m a 
t r e a t m e n t
Longer time of impregnation by chitosan followed by their 
treatment in plasma (technique C) seems to be more suitable 
(Fig. 2.a), however in the presence of ki the situation is rever-
sed – the more suitable is plasma treatment before application 
of chitosan (technique D), Fig. 2.b. in that case also shor-
ter time of impregnation by chitosan improves mechanical 
properties of samples. the presence of potassium iodide is 
unambiguously appropriate in the system. it can be suppose 
that plasma activates the carrier material and forms reactive 
spots in paper in paper already before process of chemical 
modification and thus stronger bonds between cellulose and 
chitosan can be created (by crosslinking).

m o d i f i c a t i o n  t r e a t m e n t  e f f i c i e n c y 
Changes of mechanical properties after modification 

treatment expressed by ratio of followed value of modified 
sample to the value of non-modified sample in certain time of 
ageing, called often as coefficient of permanence S confirms 
efficiency of selected treatment comparing to non-modified 
sample.

Fig. s 3, 4 express changes and results of folding endu-
rance and zero-span breaking length for all tested modifica-
tion systems applied to the samples according to the modifi-

cation technique B. They confirm improvement of zero-span 
breaking length for all modified systems during ageing time 
in approximately the same extent (2–8x) and also impro-
vement of folding endurance for the most suitable systems 
KICH and KICHP where coefficient of permanence reached 
in its maximum values around 30.

Conclusions
the work was concentrated on enhancement of strength 

and stability of historical paper documents treated in die-
lectric barrier discharge (DbD) at atmospheric pressure in 
combination with natural polymer chitosan and/or anti-oxidi-
zing agent. Choise of suitable modification matter and com-
binations of application techniques was realised.

implementation of appropriate system for chemical 
modification containing antioxidant and strengthening com-
ponent relatively resistant to ageing is more important than 
application of plasma treatment; modification systems conta-
ining potassium iodide and chitosan appeared to be suitable.

This work has been supported by Ministry of Educa-
tion of Slovak Republic – project Kniha.SK and Slovak 
Grant Agency VEGA under the contracts No 1/0800/08 and 
1/0815/08.

Fig. 2.  Dependence  of  folding  endurance  on  aging  time; 	
(a) – Influence of technique of chitosan and plasma application, 
(b) – Influence of technique of chitosan and plasma application 
at	presence	of	kI

Fig. 3.  Coefficient of  stability of  folding endurance as depen-
dence	of	aging	time

Fig. 4.  Coefficient of stability of zero-span breaking length as 
dependence	of	aging	time
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Introduction
Papers for inkjet printing can be divided into several 

categories according to their printing quality or segment of 
application. On one hand, multipurpose office papers treated 
with a surface sizing agent and starch are designed for low- 
and middle-end applications. on the other hand, inkjet papers 
with high quality demands must be coated using specialty 
pigments and additives1,2. For printing high-quality photo-
graphic images, special media are used as the substrate. Cur-
rently, there are two types of special media, namely swellable 
polymers (based on Pval or gelatin) and microporous media 
(both silica and alumina types)3.

In many cases fillers can have a marked influence on the 
thermal and photochemical stability of the polymer material. 
they can exhibit a protective effect or alternatively they may 
be photoactive and sensitise the photochemical breakdown 
of the polymer. research activities about the photochemical 
properties of titanium dioxide (tio2) deal with studying pho-
tochemical activity of tio2 in order to convert harmful orga-
nic wasteproducts into harmless environmentally acceptable 
materials. another deals with minimising the photocatalytic 
activity of tio2 in order to enhance the durability of organic 
substrates such as polymers and coatings4.

to enhance the durability, stabilizer additives such as 
ultraviolet light absorbers (uvas) and hindered amine light 
stabilizers (haLs) are added to the coatings formulation5. 
one of the typical photostabilizing actions proposed for a 
polymer system containing haLs6 is showed on Fig. 1.

For printing, the three subtractive primary colours of yel-
low (Y), magenta (m) and cyan (C) are used. these colours 
are chosen because they produce the maximum number of 
colours by mixing (i.e. the maximum colour gamut). they 
can produce ca. 85 % of the 16.7 million colours theoretically 
possible. Inkjet dyes have to fulfil several requirements, most 
importantly hue (colour), vividnes, operability (reliability) 
and safety. anionic water-soluble dyes (Dye-so3

–) are the 
dyes of choice for inkjet printers3.

magenta dyes usually have the lowest lightfastness in 
inkjet and, indeed, in most other colour applications. the 
most commonly used magenta dyes for desktop inkjet prin-
ters are C. i. acid red 52, the h-acid dyes and dyes based on 
Gamma acid (they exist only in the azo form and due to hi-
gher lightfastness, compared to the other magenta dyes, they 
have found use in photographic applications)7.

Experimental
anatase pigments are generally more photoactive than 

the rutile types4, what is the reason why tio2 of rutile type 
was used. it was dispersed into 5% wt. solution of poly 
(vinylalcohol) (Pval) in 4 : 1 ratio. 0, 2 and 8 % wt. of water 
soluble stabiliser eversorb aQ1 (blend of haLs and uvas) 
was added into final dispersions. Filter paper was used as a 
substrate for prepared receiving layers. Layers were prepared 
by spreading the dispersion through a screen printing form 
by a blade.

test charts were printed by epson stylus Photo r220 
printer by dye-based inks with resolution720 DPi. ink set 
mis Dyebase for epson printers containing C, m, Y, k, LC 
and Lm cartridges was used (supplied by mis associates 
inc., usa). test chart consisted of cyan, magenta, yellow and 
black colour printed with 100% and 50% dot area.

Cie L*a*b* coordinates of print samples were measured 
by spectrophotometer Gretag macbeth spectrolino with illu-
minant D65 and filter D65. The specimens were irradiated by 
metal-halide lamp to reach the same exposure dose. values 

Fig. 1.  Typical photostabilizing action of HAlS in the polymer 
system

Fig. 2.  Acid Red 52, Gamma Acid Magenta and H-acid dyes
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of temperature, relative humidity and irradiance were taken 
through the exposures. relationship (1) describes calculation 
of total colour difference ∆Eab

*. Colour changes were eva-
luated from measuring after each exposure.

* * 2 * 2 * 2
abe ( ) ( ) ( )∆ = ∆ + ∆ + ∆L a b  (1)

Results
the efect of tio2 added into print layers was studied 

using microscop nicon eclipse e200 and camera nicon 
D200. in many plastics applications, the primary use of tio2 
is as an opacifier4. in addition, it improved print quality of 
specimens (Fig. 3.).

only magenta ink results were evaluated (100% and 
50% dot area). total exposure dose acquired by irradiation 
was 50.6 J cm–2, average temperature and relative humidity 
values were 27.7 °C and 24.8 %.

Fig. 4. shows values of total colour differences calcu-
lated for magenta ink specimens at the end of the experiment. 
Fig. 5. and Fig. 6. represent receiving layers with tio2 filler 
use. The total colour difference values exceed 5 after first 

exposure already. The growth of ∆Eab
* values is smallest in 

the case of 8% addition of aQ1 stabilizer.

Fig. 7. and Fig. 8. represent receiving layers without 
tio2 filler use. The total colour difference values begun to 

rise from the lower levels (less than 3). The growth of ∆Eab
* 

values is smallest in the case of 8% addition of aQ1 stabilizer 
again.

Fig.	3.	 Specimens	coated	with	PVAl	(a)	and	with	dispersion	of	
TiO2 in PVAl (b)

Fig. 4.  Values of total colour difference: (1) – layer with TiO2	
printed with 50% dot area,  (2) –  layer with TiO2	printed	with	
100% dot area, (3) – layer without TiO2 printed with 50% dot 
area, (4) – layer without TiO2	printed	with	100%	dot	area

Fig. 5.	 Receiving	layer	with	TiO2 and 50% dot area print

Fig. 6.	 Receiving	layer	with	TiO2	and	100%	dot	area	print
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Conclusions
addition of tio2 into receiveng layers improved print 

quality and opacity of printouts, however, it decreased their 
lightfastnees. 50% dot area printouts faded more quickly than 
100% once. an increased proportion of colour overprint and 
a catalytic fading can be the reason of this behaviour.

Stabilizer aQ1 had a positive influence on the lightfast-
ness of printouts. 2% aQ1 addition decreased the progress of 
fading and 8% addition had even better impact on this pro-
cess.

This work has been supported by project MSM0021630501 
from Ministry of Education, Youth and Sports, Czech Repub-
lic.

reFerenCes
 1. hladnik a.: J. Dispersion sci. technol. 25, 481 (2004).
 2. Londo m.: Pulp Pap. 74, 37 (2000).
 3. Gregory P.: opt. Laser technol. 38, 306 (2005).
 4. allen n. s., et al.: Polym. Degrad. stable 85, 927 

(2004).
 5. ávár L., bechtold k.: Prog. org. Coat. 35, 11 (1999).
 6 taguchi Y., et al.: Polym. Degrad. stable 83, 221 

(2004).
 7 Lavery a., et al.: Proceedings of IS&T’s NIP 14: Inter-

national conference on digital printing technologies, 
p. 123. toronto 1998.

Fig. 8.	 Receiving	 layer	 without	 TiO2,  with  100%  dot  area 
print
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Introduction
Glycidyl methacrylate (Gma) and 3,4-epoxy-1-butene 

(vinyl oxirane, butadiene monoxide, bmo) rank among 
monomers having two different functional groups able to 
polymerize by two distinct mechanisms – free radical (met-
hacrylate and vinyl groups) and cationic (epoxy group), resp. 
using suitable photoinitiators so-called hybrid photopolyme-
rization occurs, interesting from theoretical point of view.1–3

Photopolymerization of Gma or mixtures of Gma with 
another monomers is of practical meaning as well because 
it gives technical useful products4. the oligomers prepared 
mainly by cationic polymerization of epoxy groups of mono-
mers like glycidyl vinyl ether (Gve) and bmo can advanta-
geously be used in vehicle systems5,11.

the aim of this work was the study of the photopolyme-
rization kinetics of bifunctional monomers in the presence of 
the free radical and cationic photoinitiators as well as their 
mixtures using Fourier transform infrared (Ftir) spectros-
copy, mostly with transmission technique.

Experimental
m a t e r i a l s

Glycidyl methacrylate – sigma-aldrich (usa), purity 
> 97 % wt., stabilized by 0.005 % wt. p-methoxyphenol, bp 
192–197 °C

Glycidyl vinyl ether – sigma-aldrich, purity 97 % wt., 
bp 139 °C

butadiene monoxide – 3,4-epoxy–1-butene, sigma-ald-
rich, purity 98 % wt., bp 65–66 °C

irgacure 250 – (4-methylphenyl)[4-(2-methylpropyl) 
phenyl] iodonium hexafluorophosphate, Ciba-Geigy 
(switzerland), a 75 % wt. solution of the active substance in 
propylene carbonate

Quantacure itX – 2-isopropylthioxanthone, Great Lakes 
Fine Chemicals (usa), mp 62–77 °C

all the chemicals were used as purchased without any 
further purification.

m e a s u r e m e n t s
Ce Green sPot (uv source inc., usa) – uv radia-

tion 300–480 nm (max. at 365 nm) source was high-pressure 
mercury arc lamp (100 W). uv light was guided through 
optical-fibre cable (diameter 5 mm), output delivery was 
5 W. The distance of the optical-fibre waveguide outlet from 
the sample was 20 mm.

radiometr Compact (uv Process supply, usa) 
was used to calibration of uv source in the spectral range  

258–380 nm (max. at 365 nm). With this device the radiation 
energy relative to surface up to maximum 20,000 mJ cm–2 
can be measured.

avatar 320 (nicolet instrument Corp., usa) – Ftir 
spektrofotometer (beamspliter kbr, detector DtGs kbr). 
our measurements were carried out at the resolution 4 (in this  
case the distance of the two points in the spectrum is 
1.929 cm–1) using transmission, reflection and aTR (atte-
nuated total reflection) techniques. In all cases 32 scans were 
recorded and averaged.

m e a s u r e m e n t s
the photopolymerization experiments were carried out 

at the laboratory temperature, the average room tempera-
ture was 21 °C. For transmission technique use the defined 
amount of reaction mixture was placed on the grade silicon 
window and immediately overlayed by covering teflon foil 
60 µm thick. the uv exposition was interrupted by sam-
ples analysis, time intervals between expositions were about 
0.5 min. Gma reaction mixtures with photoinitiators were 
polymerized using specular reflexion technique and aTR 
technique as well. Within the photopolymerization in closed 
reaction space the thickness of the layer varied in the range 
of 5 to 7 µm.

the reactive groups concentration was determined on 
the basis of the respective absorption peaks areas for epoxy 
group and the methacrylic or vinyl double bond. as internal 
standard the carbonyl group absorption peak (1,719 cm–1) 
only with Gma could be used. this peak does not change 
in the photopolymerization conditions. the results usually 
are the averaged three to five repeated analysis. The reactive 
groups conversion extent was expressed according to fol-
lowing equation7,8

x = (P0–Pt)/P0, (1)

where P0, Pt are the sample absorbances before the uv expo-
sition and after the irradiation total time t.

Results
Ftir spectra of the monomers used are shown in Fig. 1. 

During the polymerization in the presence of the free radi-
cal initiator (Quantacure itX) the absorbances (areas) of 
the three peaks in the wavenumbers regions 800–950 cm–1 
and 1,600–1,750 cm–1 are subsequently relatively falling. 
the peak at 944 cm–1 corresponds with methacrylate dou-
ble bond of Gma9, the second one at 1620 cm–1 indicates 
the presence of the vinylether double bond in Gve10 and the 
third one at 1,641 cm–1 is charakteristic for the vinyl double 
bonds in bmo11. in contrast to this, initiating the monomers 
polymerization using the cationic photoinitiator irgacure 250 
the peaks areas at 909 cm–1, 903 cm–1 a 818 cm–1 12,9,11 are 
relatively falling. these peaks correspond with epoxy groups 
of Gma, Gve a bmo. in the presence of the cationic pho-
toinitiator further the absorption peaks at 1,620 a 1,641 cm–1 
are falling.
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the experimental time-conversion curves (some typical 
examples are in Fig. 2.) as a rule satisfy the n-order kinetic 
equations6 

(1 )m nd x k x x
d t

= −
 

(2)

1 2( )(1 )m nd x k k x x
d t

= + −
 

(3)

very well. in these relations k, k1 and k2 are the reaction 
rate constants, n represents the reaction order and m denotes 
the autocatalytic exponent.

the free radical initiator concentration in the reaction 
mixture does not affect the attained conversion of the met-
hacrylate double bonds in Gma which exceeded 90 % in 
every case. however, the necessary total irradiation time 
reduces as the photoinitiator concentration increases until 
1.67 % mol. the vinyl double bonds conversion in bmo 
with the free radical initiator (~ 1.1 % mol) reached 45 % 
after the total irradiation time of 172 s. in the presence of 
the free radical photoinitiator Gve polymerizes very slowly, 
the vinyl ether double bonds conversion does not exceed 5 % 
even after irradiation time of 200 s (Fig. 2.). 

During the cationic photopolymerization of the epoxy 
groups in Gve and bmo the reduction of the vinyl ether and 
vinyl absorption bands, resp. takes place at the same time. 
in both these cases the double bonds conversions attained 
are lower than those of epoxy groups. it was shown11 that 
the bmo cationic photopolymerization proceed mainly by 
the oxirane ring opening. in our experiments Gve reacted in 
a similar manner, however the vinyl ether bond conversion 
in the initial polymerization stage was higher than the epoxy 
group conversion. Generally it holds however that the more 
reactive oxirane monomers are characterized by lower poly-
merization rate compared with the vinyl ether monomers13. 
During the Gve polymerization in the presence of the catio-

nic photoinitiator the mutual interference of the both reaction 
groups apparently occurs.

markedly different results were obtained in monitoring 
the cationic photopolymerization of Gma. in oxirane ring-
opening polymerization the conversions up max. 20 % were 
observed (Fig. 2.). on the contrary, with the increasing cati-
onic photoinitiator concentration the polymerization rate of 
the methacrylate double bonds expressively rises. For exam-
ple in the presence of 0.45 % mol irGaCure 250 reach 
the conversion of the methacrylate double bonds 90 % after 
irradiation time 252 s. in comparison with Gve and bmo 
monomers the cationic photopolymerization of Gma in the 
closed thin layers is retarded hard. this matter of fact can be 
explained by very low reactivity of the glycidyl methacrylate 
epoxy groups in the experimental conditions applied. During 
irradiation then enforced the radical intermediates produced 
in diaryl iodonium salt decomposition as well.

in investigation of the hybrid monomers photopolymeri-
zation was found that the conversion curves are of the same 
type as those obtained in the presence of the cationic initiator 
alone. in every hybrid photopolymerization experiment, the 
initiation system was the ratio 1 : 1 % mol mixture of the free 
radical and cationic photoinitiators. in the case of the Gma 
photopolymerization the dominate reaction is the double 
bond polymerization again. the free radical photoinitiator 
addition to the cationic one enables the appreciable irradi-
ation time shortening. Fig. 3. shows the dependence of the 
sum total conversions of the both functional groups vs. the 
hybrid initiation system concentration and irradiation time 
for all the monomers investigated. 

Through the transmission and specular reflection tech-
niques applied on the Gma photopolymerization in the clo-
sed thin layers with the free radical or cationic iniciators very 
similar results were obtained. the Gma photopolymeriza-
tion monitored by the atr technique proceeded in the air 
presence. this accelerated the cationic polymerization which 

Fig. 1.	 FTIR	 spectra	 of	 the	 studied	 monomers	 mixtures	 with	
photoinitiátors before UV exposition

Fig. 2.   Conversion curves of  the double bonds  (C = C)  in  the 
presence	 of	 ~	1.1	%	mol.	 QUANTACURE	 ITX	 and	 the	 epoxy	
groups (ES) in the presence of ~ 0.13 % mol. IRGACURE 250
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became the dominant reaction and the epoxy group conver-
sion reached considerably higher values.

Conclusions
experimental results shows the glycidyl methacrylate 

and butadiene monoxide monomers are able to polymerize 
in the presence of both the free radical and cationic photoi-
nitiators. Within the glycidyl methacrylate photopolymeri-
zation in the closed thin layers the dominant reaction center 
is the methacrylate double bond even with diaryl iodonium 
salt photoinitiator. Glycidyl vinyl ether provides homopoly-
mers only with the cationic photoinitiator and after irradia-
tion finishing the conversions of the both functional groups 
reach the similar values. the substantial acceleration of the 
investigated monomers curing can be reached in the hybrid 
systems using suitable combination of the cationic and free 

radical initiators. the used mathematical models described 
the experimental data very well and could be applied on all 
the kinetic data obtained. 

This work has been supported by Czech Ministry of Edu-
cation, Youth and Sports grand number MSM 0021627501.
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Fig. 3.	 The	 sum	 total	 conversions	 of	 the	 epoxy	 groups	 and	
double bonds of  the monomers  investigated  in  the presence of 
the  hybrid  photoinitiator  system  (mol.  ratio  1 : 1).  1  –  GMA, 	
2 – GVE, 3 – BMO
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Introduction
the majority of printers used for colour printing in off-

ices and homes today are inkjet printers. inkjet is a digital 
printing process where the ink is ejected directly onto a sub-
strate from a jet device driven by electronic signals. Due to its 
ability to print on a wide variety of substrates, inkjet techno-
logy is also increasingly being used in industrial printing and 
in the package printing industry.

according to the ink application it is possible to classify 
the inks frequently used and a method of their drying in a 
receiving layer: aqueous ink – absorption and evaporation, 
oil-based ink – absorption, uv-curable ink – absorption and 
the time available before cure and hot-melt/phase change 
– freezing.

the ink designed for ordinary portable inkjet printers 
can contain more than 20 various compounds, playing an 
important role for final printout quality. Main components 
of an aqueous/solvent based inkjet ink are: colorant, which 
gives the ink its primary function – absorbing light of a par-
ticular wavelength band (2–8 %), carrier fluid which dissol-
ves or suspends the colorant (35–80 %), surfactant lowering 
the surface tension of the ink to promote wetting (0.1–2.0 %), 
humectant which inhibits evaporation (10–30 %), penetrant 
which promotes penetration of the ink into the paper structure 
for the purpose of accelerating ambient drying (1–5 %), dye 
solubilizer promoting dye solubility in the primary carrier 
fluid (2–5 %), anti cockle additive which reduces the interac-
tion with paper fibres which otherwise leads to paper cockle 
and curl (20–50 %).

an ideal paper for inkjet printing should possess the 
following properties: sufficient hold out of ink dye on the 
surface to provide high optical print density, quick absorption 
of ink carrier liquid for fast drying, to prevent feathering and 
bleeding, low colour-to-colour bleed (well-defined diffusion 
of the ink), low strike-through and water- and light-fastness.

the printout fading is caused by many factors as for exam-
ple chemical compounds in air (mainly aggressive ozone)1, 
higher temperature, air humidity and light. the ultraviolet 
light is surely the most dangerous enemy of inkjet printouts. 
very similar impact can be observed in the case incandescent 
light illumination. any printouts should be never exposed to 
higher temperatures or left on moisty places.

the light fading2,3 should be determined by exposure 
dose. But it was found that this process doesn´t fulfil the 
reciprocity law. Colour photos exposed to low intensity ir-
radiation for a long time are often more damaged than those 
exposed to high irradiation for a short time with the same 
exposure dose.

the absorption of direct sunlight can be very dangerous 
for dye molecule. its excitation can lead to forming of colour-
less products. moreover, reactive oxygen radical present in 
illuminated layer can decompose the image dye. 

the reaction pathway of the ink-forming azo dye depends 
on the chemical environment in which the dye molecules are 
bound. this environment is determined mainly by the print 
medium, ink-forming components and surrounding atmos-
phere. Depending on these conditions the dye molecule can 
be either reduced or oxidised. the azo dye molecule can be 
reduced to corresponding colourless amines in the presence 
of hydrogen donor. this reaction speeds up when the hydro-
gen donor or the azo dye itself is in the excited state. excited 
dye molecules are unstable and therefore are easily degra-
ded. the reducing hydrogen can originate from alcoholes, 
amines, ketones, carboxylic acids, ethers and esters. the azo 
dye molecules existing in hydrazone tautomeric forms at-
tacked by singlet oxygen undergo the oxidative degradation 
pathway. an unstable peroxide molecule originates from this 
reaction. the peroxide decomposes spontaneously while nit-
rogen is released from the azo group. reaction products can 
be coloured.

Experimental
the following inkjet paper were used: ilford Galery 

smooth Gloss – high glossy paper with microporous rece-
iving layer, enabling fast drying of surface layer, epson 
archival matt – matte coated paper designed for archival 
purposes, ilford Galery Classic Gloss – high glossy paper 
with swellable polymer layer, Foma 1224 – matte coated 
paper for everyday printing. the test targets tC9.18 (X-rite) 
were printed by printer ePson r220 on samples of inkjet 
papers using dye-based inkset esC-r200–4 (mis Dyebase). 
these samples were irradiated in Q-sun-Xe1-b (Q-PaneL) 
xenon chamber. spectral irradiance was set to 0.68 W m–2 at 
340 nm. the test targets were measured using spectrophoto-
meter Spectrolino (X-rite) and evaluated by ProfileMaker 5.0 
software.

Results
main drawback of inkjet printing technology compared 

to classic silver halide photography is the overlap and mixing 
of individual inks in the receiving layer. 

the illumination of inkjet printed photographs causes 
fading of individual inks with different rates – this process 
is called catalytic fading. During this process one ink or its 
decomposition products can serve as a catalyst for the second 
ink degradation. the results are unexpective colour shifts of 
printed pictures. 

test target tC9.18 with 918 patches enables to judge 
the results of accelerated ageing of ink overlaps. the main 
advantage of a great test target is the possibility to calculate 
ICC profile and subsequently to express the gamut in CIE 
L*a*b* colour space. similarly, we evaluate the cross-sections 
through the gamut body at various lightness levels in Cie 
L*a*b* colour space. In most cases, it is sufficient to represent 
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the gamut as the cross-section of Cie L*a*b* colour space in 
50% level of lightness (L50), eventually in 25 % and 75 % 
level (Fig. 1.). the other way of accelerated ageing results 
presentation consists of gamut volume calculation. 

after exposure dose of 80.3 kJ m–2 at 340 nm, we 
observed a considerable fading of all papers used in this test. 
this process is illustrated in Fig. 2 by means of counts of 
colour differences ∆E*

ab. the distribution of colour differen-
ces ∆E*

ab is narrow for papers with high resitance to fading, 
whereas the broader distributions indicate low lightfastness 
of tested inkjet papers. 

all tested papers possesed a similar gamut, after acce-
lerated ageing we found their gamut to be much smaller. ir-
radiation during accelerated ageing caused the loss of vivid 
colours printed by overlapping inks containing yellow ink. 
this is well visible on gamuts comparison (Fig. 4.). 

Conclusions
From the presented results we can conclude that the 

highest image stability was observed on both ilford papers. 
these papers showed the least colour fading of all tested 
papers. Colour gamut comparisons and the evaluation of 
colour differences distribution can significantly support the 
complex assesment of inkjet prints lightfastness.

Authors thank to Ministry of Education, Youth and Sports 
of Czech Republic for support by project MSM0021630501.
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Fig. 1.  An accelerated ageing  test of fOMA 1224 before  (yel-
low	lines)	and	after	33	hours	(white	lines):	cross-sections	of	CIE	
L*a*b* colour space at l25 (left), l50 (middle) and l75 (right)

Fig. 2.  The  counts  of  colour  differences  values  ΔE*
ab	 after	

33 hours of accelerated ageing test measured on 918 patches of 
TC9.18

Fig. 3.	 A	cross-section	of	CIE	L*a*b* colour space at l50 before 
test: Ilford Galery Smooth Gloss – red line, Epson Archival Matt 
– yellow line, Ilford Galery Classic Gloss – white line and foma 
1224 – gray line

Fig. 4.  A cross-section of CIE l*a*b* colour space at l50l af-
ter	 33	 hours	 of	 accelerated	 ageing	 test:	 Ilford	 Galery	 Smooth	
Gloss – red line, Epson Archival Matt – yellow line, Ilford Galery 
Classic Gloss – white line and foma 1224 – gray line
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introduction
Humic substances (Hs) are ubiquitous and also the most 

occurring organic matter on the earth. Due to their high hete-
rogeneity and chemical character they tend to self-aggregate 
forming various molecular organisations. Despite an inten-
sive research, the mechanisms and ways of aggregation are 
still not precisely known.

According to the solubility under acidic or alkaline con-
ditions, Hs are traditionally divided into three groups: humin, 
the insoluble fraction; humic acids (HA), the fraction soluble 
under alkaline but not acidic conditions (generally pH < 2); 
and fulvic acids (FA), the fraction soluble under all pH con-
ditions. FA may be regarded as associations of small hydro-
philic molecules in which there are enough acidic functional 
groups to keep the fulvic clusters dispersed in solution at any 
pH. on the other hand, humic acids consist of associations 
of predominantly hydrophobic compounds which are stabi-
lised at neutral pH by hydrophobic dispersive forces (van 
der Waals, π – π and CH – π bondings). their conformations 
grow progressively in size when intermolecular hydrogen 
bondings are increasingly formed at lower values of pH, until 
they flocculate1.

in 1961 kononova introduced the concept that Hs are 
comprised of system of polymers2. Piccolo, unlike foregoing 
theory, claims that humic constituents are supramolecular as-
sociations of relatively small heterogeneous molecules held 
together by weak interactions (van der Waals, π – π, CH – π 
interactions and H-bonds)3.

in this work the thermodynamic stability of Hs stan-
dards obtained from the international Humic substance 
society (iHss) at various concentrations was studied. in our 
case, the high resolution ultrasonic spectroscopy (HrUs) 
was the method of choice. since in HrUs the mechanical 
type of waves is involved, it can succeed where classical 
optical methods are limited by the nature of the sample (e.g. 
sample concentration, pH, purity of sample, etc.). this non-
destructive method has already been applied to monitor phase 
and thermal transitions, hydrations, coagulations and other 
conformational changes of various biomolecules including 
humic substances and proved itself as a powerful tool in 

colloidal chemistry due to its sensitivity (resolution down to 
10–5 %) and broad possibilities of application4,5.

Applied waves probe the elastic characteristics of materi-
als. Compression caused by the ultrasonic wave decreases the 
distances between the sample molecules which then respond 
via intermolecular repulsions and, vice versa, the decompres-
sion probes the attractive forces. As the result, the ultrasonic 
velocity parameter is extremely sensitive to molecular orga-
nization and intermolecular interactions in samples.

experimental
iHss standards of humic acids (suwanee river 1s101H, 

Leonardite 1s104H) and fulvic acids (suwanee river 2s101F, 
Pahokee Peat 2s103F) were measured. sodium salts of HA 
samples were prepared using following procedure. HA stan-
dard was dissolved in distilled water and the pH value was 
adjusted with 0.1M naoH to 7. the sodium humate solution 
was freeze-dried and homogenised. FA standards were sim-
ply dissolved in distilled water.

to monitor the ultrasonic velocity, HrUs 102 device 
(ultrasonic-Scientific, Dublin, ireland) was employed. 
HrUs consists of two independent quartz cells which secu-
res that complications caused by changing of water com-
pressibility and density during non-isothermal regime are 
no longer significant. Cell 1 serves as a sample cell and cell 
2 as a reference. Both cells are tempered by a water bath. 
All measurements were set up at 25.00 ± 0.02 °C, under 
constant stirring (600 rpm) and at ultrasound frequency of 
approximately 5,480 kHz. samples were dissolved in dis-
tilled water to desired concentrations (0.01; 0.1; 1; 4 g dm–3). 
Cell 1 was loaded up by 1 ml of a sample whereas cell 2 by 
1 ml of distilled water. temperature regime was as follows:  
step 1 – from 25 °C to 90 °C for 3 hours, back to 5 °C for 
4 hours, step 2 – from 5 °C to 90 °C for 4 hours and back to 
5 °C for 4 hours, step 3 – from 5 °C to 90 °C for 4 hours and 
back to 25 °C for 3 hours. the first heating cycle was used to 
ensure that humic samples have the same “thermal history” 
and that are completely dissolved. the second heating cycle 
was used to monitor the changes in humic solutions indu-
ced by heat, while the third one served as the reproducibility 
control of the experiment. During the temperature programs 
the ultrasonic velocity (U) was measured in both cells. the 
results were expressed as a difference of measured values 
between cell 1 and cell 2, i.e. U12.

results
As the records from second and third step gave very 

similar results, we can assume that only physical and no che-
mical changes occurred.

HA sample of concentration 4 g dm–3 (Fig. 1.) showed 
practically monotonous decrease of U12. At this concentra-
tion, aggregates with hydrophilic surface are present. this 
surface is surrounded by water shall that is due to the smaller 
compressibility more supportive for ultrasonic wave propaga-
tion than bulk water. With increasing temperature the relative 
static permittivity of water decreases which leads to the fact 
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that the hydration shell is weakened and U12 decreases. Fur-
thermore, at higher temperatures the hydrophobicity of some 
amphiphilic headgroups increases which results in additional 
weakening of aggregate protecting hydration shell.

Diluting the sample solution (Fig. 2.), HA assemblies 
tend to form aggregates with a bit more hydrophobic exterior. 
the water shell is not so rigid and with increasing tempera-
ture is collapsing which results in disruption of humic aggre-
gates. this destabilisations and consequent reaggregation can 
be observed as a wave-like shape of the curve. 

it is in line with recent statement given in ref.6 where has 
been demonstrated that diluting of humates is associated with 
decreasing in the number of relatively stable H-bonds and 
humic molecules are loosely bound by hydrophobic interac-
tions such as CH – π, π – π interactions or van der Waals  
forces6.

Further diluting of the sample solution (i.e. under con-
centration of 1 g dm–3) leads to formation of aggregates with 

predominantly hydrophobic exterior. At some concentration, 
the nature of prevailing interactions holding together humic 
assemblies is dramatically changed. the disintegration of big 
aggregates into small ones or even single molecules is as-
sociated with the increase of number of water molecules in 
the hydration shells. With increasing temperature, the rela-
tive static permittivity of water decreases which is supportive 
to hydrophobic hydration. in total this leads to U12 increase 
(Fig. 3.).

Furthermore, the basic chemical composition (elemen-
tal analysis and carbon distribution in functional groups as 
revealed by liquid state 13C nMr) was compared with the 
slope of ultrasonic velocity decrease of standards at concen-
tration of 4 g dm–3 as measured by HrUs. the slope was 
observed steeper in line: Leonardite HA, suwannee river 
HA, Pahokee Peat FA and suwannee river FA. 

As can be seen in table i, basic chemical composition 
does not show clear correlation with the slope of ultrasonic 
velocity decrease. on the other hand, carbon distribution 

Fig. 1.	 difference	of	ultrasonic	velocity	(u12)	as	a	function	of	
temperature,	suwanee	river	1s101h,	4	g	dm–3

Fig. 2.	 difference	of	ultrasonic	velocity	(u12)	as	a	function	of	
temperature,	suwanee	river	1s101h,	1	g	dm–3

Fig. 3.	 difference	of	ultrasonic	velocity	(u12)	as	a	function	of	
temperature,	suwanee	river	1s101h,	0.01	g	dm–3

Fig. 4.	 difference	of	ultrasonic	velocity	(u12)	as	a	function	of	
temperature,	leonardite	1s104h,	0.01	g	dm–3
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in functional groups, namely aromatic and aliphatic carbon 
content, can be regarded as potential indicator of the slope 
of ultrasonic velocity decrease. Anyway, these inferences 
are based on only four samples measurements thus another 
records are in need.

conclusions
results obtained by high resolution ultrasonic spectros-

copy revealed differences in ultrasonic records for all sam-
ples. At the same concentration, all samples showed similar 
trends, nevertheless, easily distinguishable differences were 
observed (compare Fig. 3. with Fig. 4.). observed differen-
ces may be explained by differences in the samples origin. 

Furthermore, diluted samples brought completely different 
records in compare with the concentrated ones. that was 
attributed to the fact that at high concentrations the humic 
aggregates are stabilised mainly by H-bonds but at low 
concentrations the aggregates and/or single molecules are 
loosely bound predominantly via hydrophobic interactions. 
elemental composition did not show clear correlation with 
HruS measurements. on the other hand, slope of ultrasonic 
velocity decrease seemed to purvey information about carbon 
distribution in functional groups.

The financial support of Ministry of Education of the 
Czech Republic, project MSM 0021630501 and Grant Agency 
of the Czech Republic project number GA 104/08/0990 are 
acknowledged.
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table i
elemental analysis of HA and FA standards (C. C – Carboxyl 
Carbon, Ar. C – Aromatic Carbon, Al. C – Aliphatic Carbon)

 [%] Leonardite suwannee Pahokee suwannee
  HA river HA Peat HA river FA
 C 63.8 52.6 51.3 52.5
 H 3.7 4.4 3.5 4.3
 o 31.3 42.5 43.3 42.2
 n 1.2 1.2 2.3 0.7
 C. C 15 19 28 20
 Ar. C 58 37 34 24
 Al. C 14 21 20 33
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introduction
isotope separation columns are characterized by com-

plex nonlinearities. Furthermore, such processes are subject 
to external disturbances, which are difficult to model. the 
controller synthesis problem for such processes is extremely 
challenging and has been an active area of research for the 
past two decades. 

one approach that has proved popular is the input/out-
put (i/o) linearization approach. in this multi-loop design 
methodology, Fig. 1., a coordinate transformation is utilized 
that results in a linear relation between the inputs and outputs 
(inner loop controller design). then, an external linear cont-
roller is designed for this linear system to enforce desired per-
formance and stability characteristics (outer loop controller 
design). the performance of this controller largely depends 
on the availability of an accurate model that leads to exact 
cancellation of nonlinear terms via the coordinate transfor-
mation. However, due to uncertainty and disturbance this is 
seldom the case and often leads to poor performance.

in principle, once the nonlinearities are canceled (or 
inverted), the outer-loop can be designed to impose any 
desired stable dynamics on the closed loop. the nonlinear 
model will very likely represent only an approximation of the 
actual plant. in addition to the modeling uncertainty, there 
is uncertainty in the model parameters especially in process 
systems. the controller in the outer loop must be designed 
not only for nominal stability and performance but for robust-
ness in face of uncertainty in the model and the environment. 
this robustness issue can be addressed in two alternative 
approaches. the first approach is to consider the effect of the 
uncertainty in the nonlinear model and use nonlinear tech-
niques to account for the uncertainty1. the second approach2 

is to consider the effect of uncertainty as a perturbation to the 
i/o linear model and use linear robust control techniques to 
account for this uncertainty.

robust	nonlinear	control:	the	linearization	approach
the first problem is to systematically design a state 

feedback for performance and robustness for i/o linearizable 
systems with parametric uncertainty. in particular, we use a 
multi-model approach to design a robust controller for the 
uncertain nonlinear system. in this multi-model approach, the 
state matrices are written as affine functions of the uncertain 
parameters and a controller is designed so that stability and 
performance specifications are met for all members in this 
polytopic family of models.

Consider the following state space model of a single 
input single-output (SiSo) nonlinear system with parametric 
uncertainty

where nx ℜ∈ is the state, ℜ∈u the control input, ℜ∈u the 
measured output, and θ is a vector of uncertain parameters 
that takes values in a compact set . For all θ  Θ we assume 
that f and g are smooth vector fields on , and h is a smooth 
real vector valued function. the objective is to design a con-
troller such that the closed loop system is stable and certain 
performance objectives, e.g. tracking, disturbance rejection, 
etc., are satisfied for all θ  Θ. to solve this problem we 
propose a multi-loop design approach. the inner-loop uses 
state-feedback to linearize the nominal process dynamics in 
the input-output sense. in the presence of uncertainties, these 
methods do not give perfectly linear models. Perturbations 
appear in the canonical form, as nonlinear functions, due to 
the presence of uncertainties. For the use of linear robust 
control techniques these nonlinearities have to be linearized. 
standard Jacobi linearization of these nonlinear perturbati-
ons around the steady states can be used for this purpose. 
We note that this is different from the Jacobi linearization of 
the original nonlinear system. only the perturbations arising 
due to uncertainties are linearized but not the whole model. 
the outer-loop controller is a robust controller that guaran-
tees performance despite uncertainty in the model. the H∞ 
objective in the robust controller design is to cancel the e!ect 
of worst-case disturbances (the nonlinear perturbations) and 
the H2 objective is to obtain the optimal LQG control. this 
linear robust control problem can be solved via multi-obje-
ctive optimization techniques such as mixed H2/H∞ synthesis 
with pole placement constraints. this technique can be used 
for robust design when the linear fractional representation of 
the plant is affne in θ. the multi-model H2/H∞ state-feedback 
synthesis places the poles such that the system has good per-
formance for all values of θ. this problem is represented in 
Fig. 2., where w contains all external disturbances, e.g. d, and 
Z2 and Z∞ contains the relevant errors signals that we want to 
maintain small with respect to the 2-norm (average) and ∞-

Fig. 1.	 multi-loop	 robust	 controller	 design	 for	 nonlinear		
processes

, (1)
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norm (worst case), respectively. the generalized plant G(θ) 
represents the plant model together with performance and 
normalization weights and is affine in θ.

the objective is to finnd a stabilizing controller K such 
that

2wZwZ 2
tbta +

∞∞
 (2)

is minimized, for all θ  Θ, where wZt
∞

 and wZ2
t are linear 

operators mapping w to Z∞ and w to Z2, respectively, and a, 
b are positive numbers representing the trade-off between the 
H2/H∞ objectives.

the multi-objective synthesis problem for an uncer-
tain state-space realization can be solved using linear matrix 
inequalities (LMi). First, the uncertain state-space model is 
represented as a polytopic family of systems where the state-
space matrices are affne functions of the uncertain parame-
ters, i.e. of the form

where, p is number of uncertain parameters. then, multi-
objective problem (2) is solved by LMi using the following 
theorem.

theorem	 1. (khargonekar & rotea, 1991). Given a 
polytopic family of Lti systems, of the form

the state feedback v = kz that robustly stabilizes the 
above system and minimizes the performance objective is 
given by k = YX–1, where × and Y are obtained by solving 
the following LMi formulation of the multi-objective state 
feedback synthesis problem:

Minimize aγ2 + b trace(Q) over Y, X, Q and γ2 
satisfying

trace(Q) < ν0
2 (9)

 γ < γ0
2 (10)

0fD <  (11)
where Ak, B1k, B2k are coefficients in the polytopic repre-
sentation (as shown in (3)) of the parameter dependent state 
matrices A, B1, B2, respectively, γ and ν are upper bounds on 
the H∞ and H2 norms, respectively, and fD specifies the pole 
placement constraints.

robust	nonlinear	control:	nonlinear	technique
this second approach of robust nonlinear control consi-

ders the process dynamics of the form

(1) and a cost criterion L(x, u). We choose a disturbance 
attenuation constant, γ, and look for a nonlinear feedback 
control u*(x) such that2

for some function of initial condition D(x) for all d  L2(0,t), 
t < ∞. ideally one would like γ to be nearly as small as 
possible. Considering the control problem as a differential 
game with dynamics (12), the payoff and value are given by:

if one obtains an optimal feedback control u*(x) for the 
game, then

which implied that (13) is satisfied.
the isaac equation corresponding to (14) is:

which is a first-order partial differential equation.

the	isotope	separation
the stable isotopes, species of any element with diff-

erent number of neutrons in nucleus, exhibit today a large 
field of applications: research laboratories, medicine, chemi-
cal industry, etc. For each element, the natural distribution 

Fig. 2.	 multi-model	h2/h∞	synthesis	problem

, (3)
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of the isotope concentration is very well established, but 
in applications are necessary chemical compounds based 
on isotopes with higher concentration. small differences 
in physical – chemical properties developed a broad range 
of isotope enrichement (“isotope separation”) methods, 
technologies and equipments. For instance, by carbon, 
the 12C and 13C components have a concentration ratio of  
98.9 at.%/1.1 at.%. 

the cryogenic isotope separation technology for 13C is 
based on the vapor difference of 13Co compared to 12Co at 
very low temperature (about –192 °C). the isotope separa-
tion column is represented in Fig. 3. if the liquid and gase-
ous phases of the carbon monoxide coexist in the separa-
tion column, concentration of 13Co rises in the liquid phase 
and 12Co accumulates in the gaseous phase. in the isotope 
separation column a permanent ascendend gas flow and a 
descendent liquid flow arrises. the liquid phase is vapori-
zed in te column base by an electric “boiler” and the vapor 
phase is condensed on the wall of the vessel cooled by liquid  
nitrogen.

the	mathematical	model	of	the	isotope	separation	
column

Considering the above presented isotope separation 
column, the objective is to keep the 13C isotope transfer rate 
(ċ) constant by manipulating the level of n2 in condenser (hc) 
and the voltage on boiler resistor (UB). the disturbance is the 
vacuum pressure in the jacket of the column (pvac). Using the 

physical equations for the hydrodynamic internal process, the 
system can be modeles as3,4,5

where θB is the temperature in the boiler zone, θC is the tem-
perature in the condenser zone, tB and tC are the boiler and 
condenser time constants and k11, k12, k13, k21, k22, k31 are 
specific constants. Choosing

x1 = c
x2 = θB (20)
x3 = θC

as state variables

C2

B1
hm
Um

=
=

 
(21)

as manipulated variables and

vac1 pd =  (22)

as disturbance, the obtained Lti model is:

it is an uncertainty in the parame-
ter k11 which is represented as , is the nominal  
value of k11 and c11 is a scaling constant representing the 
magnitude of the uncertainty.

Using this multi-model, it can be design the robust con-
troller as described in previous sections.

conclusions
two design procedures were developed for the 13C 

isotope separation column control: one design is based on 
i/o linearization and multi-objective H2/H∞ synthesis and 
the second one uses nonlinear techniques. the first appro-
ach combines the advantages of i/o linearization and linear 
robust control techniques to guarantee performance for the 
nonlinear system with uncertainty. the main advantage of the 
method is that does not require restrictive matching conditi-
ons to be satisfied. With the second approach was obtained a 
true, global, nonlinear H∞ controller.

Fig. 3.  Simplified scheme of the isotope separation column

 
(17)

 (18)

 (19)

 (23)
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introduction
the deterioration of paper as it ages is a serious problem 

for archival and library communities throughout the world1.
the most important chemical reactions that occurs during the 
ageing of paper is the acid-catalyzed hydrolysis of cellulose 
in paper fibers2–4 and oxidation of cellulose by oxygen.2,5–7 
the natural ageing processes in the paper lead to the forma-
tion of several low molecular weight compounds. organic 
acids are spontaneously generated in the natural ageing of all 
cellulose–based papers, including alkaline papers. easily de-
tectable concentrations of formic (methanoic), acetic (etha-
noic), lactic, glycolic, oxalic and a few others also uniden-
tified acids accumulate within a few months of manufacture 
in paper stored under ambient conditions8. in another work 
shahani9 analyzed papers aged naturally and accelerated by 
ageing for carbohydrate species using ion chromatography 
and aliphatic acids such as formic and acetic, which we have 
discovered to form in surprisingly abundant concentrations, 
by capillary electrophoresis. in earlier works, which showed 
us that acidic degradation products tend to accumulate inside 
polyester encapsulations and other enclosures, and thereby 
hasten the ageing of the paper10,11. to stop the degradation and 
save millions of the books that are stored in archives different 
technologies of deacidification and fibre strengthening were 
invented12 and considerable efforts have been devoted to find 
a new additives such as scavengers of free radicals, natural 
and synthetic compounds, inorganic compounds, solvent and 
improved original technologies of deacidification.13–15 

the advantage of the optical methods in the visible part 
of the spectra consists in their non destructive character. visu-
ally evaluated colour information are widely used in common 
praxis and in everyday life for grading, production control, 
sate, decisions of consumers, aesthetic and economical value 
evaluation, in utilisation, renovation and recycling of lig-
nocellulosic materials and products. the objectively mea-
sured quantitative colour information are antropomorphous 
in nature (human-like, understandable and sometimes or to 
some extent proportional to the human perception).16–19

experimental
r a w  m a t e r i a l

Commercial groundwood newsprint paper (grammage 
45 g m–2, liquor pH: 4.5–5.0) containing mechanically blea-
ched, groundwood (55 %), bleached sulphite pulp (20 %), 
catch trash fibres (15 %) and clay (10 %) was used in all 
experiments.

A c c e l e r a t e d  A g e i n g  a t  9 8  ° C
Paper were conditioned for 24 hours at t = 23 ± 1 °C, 

rH = 50 ± 2 % by the norm tAPPi t 402 om-93. twenty 
papers (sheets of paper in size A4 format) were put into 
Pet/Al/Pe bag which was subsequently completely sealed 
off. this bag was put into another Pet/Al/Pe bag which was 
also completely sealed off and was again put into third (final) 
sealed Pet/Al/Pe bag. Finally sample sheets were in the pac-
kage consisting of three sealed bags put one in another. the 
bags with samples were put into the thermostat for 0, 1, 2, 3, 
5, 7, 10, 15, 20, 30 and 60 days at temperature 98 ± 2 °C.

H i g h  P e r f o r m a n c e  i o n - e x c h a n g e 
C h r o m a t o g r a p h y 

Approximately 2 g of the paper were accurately weighed 
and 15 ml of water (Millipore) was added. the mixture 
was mixed during 2 hour and filtered through 0.45 μm fil-
ter. Amount of 20 μl filtrate was injected into the analytical 
column. the used HPLC system consists of a DeltaChrom 
sDs 030 isocratic pump, a 7125 rheodyne injector with a 
20 μl injection loop, a thermostat Model LCt 5100, a knauer 
variable wavelength detector (set at 210 nm), and CsW32 
software for peak identification and integration. 

Chromatographic separations of acids were performed 
with column Polymer ieX H-form (250 × 8 mm i.D., 8 μm). 
the mobile phase consisted of 9 mmol dm–3 sulphuric acid. 
the column temperature was 20 °C and the flow rate of 
the mobile phase was 0.8 ml min–1. Formic and acetic acid 
were detected with spectrophotometric detection at 210 nm. 
the retention times were 9.7 ± 0.2 min. for formic acid and 
10.7 ± 0.1 min. for acetic acid. the identification of the acids 
in water extract of paper was based on comparison of their 
retention factors (formic acid k = 1.21 ± 0.03, acetic acid 
k = 1.44 ± 0.03).

Calibration curves were constructed by performing a 
regression linear analysis of the peak area versus the concen-
tration of acids. Based on a four-point calibration, a linear 
response (r = 0.99) was observed from the limit of determi-
nation to 20 mg ml–1 of studied acids. the limits of detection, 
defined as the lowest sample concentration, which can be de-
tected (signal-to-noise ratio of 3 : 1) were 10.7 μg ml–1 for for-
mic acid and 18.4 μg ml–1 for acetic acid. the limits of deter-
mination, defined as the lowest sample concentration, which 
can be quantitatively determined with suitable precision and 
accuracy (signal-to-noise ratio of 10 : 1) were 42.8 μg ml–1 for 
formic acid and 92.2 μg ml–1 for acetic acid.
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o p t i c a l  P r o p e r t i e s 
Changes in colour of paper surfaces due to ageing were 

measured using a colour measuring system eLrePHo 
DAtACoLor 2000. Brightness (B), yellowness (Ys), Cie-
Lab L*, a*, b* and Δe parameters were measured at five spots 
on each specimen and average value was calculated. the pre-
cision in the optical properties determinations brightness are 
estimated to be less than ± 0.05 units. the kubelka–Munk 
coefficient (k/s) describing the number of chromophores pre-
sent in the paper was determined on the basis of experimental 
values for brightness20.

results
on the Fig. 1. are shown correlations between each pair 

of variables. Fig. 1 shows Pearson product moment correla-
tions between each pair of variables. these correlation coe-
fficients range between –1 and + 1 and measure the strength 
of the linear relationship between the variables. the second 
number in each location of the Fig. 1. is a p-value which tests 
the statistical significance of the estimated correlations. P-
values below 0.05 indicate statistically significant non-zero 
correlations at the 95% confidence level. 

the most evident signs of paper are yellowing and loss 
of mechanical strength21. During the ageing of paper, decre-
ases the lightness, brightness, but on the other side increases 
redness and b* coordinate, yellowness (Ys), total colour dif-
ference, kubelka-Munk coefficient and also increases con-
tent of acetic and formic acid in paper. in modern papers the 
decrease of brightness is about 13–15 %, in historic papers 
is 3–16 %22. in our paper the initial value of brightness was 
66.20 % iSo and after 60 days of ageing was decrease of 
brightness about 78 %. 

the acidic products formed during the accelerated 
ageing accumulate inside the paper and inter-sheet spaces of 
the books or archival files and it results in enhanced degrada-
tion23. on the basis of evaluation of carboxylic acids content 
(formic and acetic acid) was noted unambiguous increase of 
acetic acid concentration during the accelerated ageing and 
moderate increase of formic acid concentration. During the 
accelerated ageing was increased concentration of acetic acid 
from 0.361 on the value 4.798 mg g–1 of paper (after 60 days). 

the content of formic acid during the accelerated ageing 
increases from 0.185 to 0.868 mg g–1 of paper (after 60 days). 
All chemical reactions causing paper degradation are also 
responsible for the creation of chromophores, especially ther-
mal oxidations and photo–oxidations. other reactions such 
as condensation, cross linking and dehydration due to heat 
and strongly acid environment, also produce coloured chemi-
cal compounds23,24. in principle, simple acid hydrolysis does 
not affect colour, but low-molecular-weight products are 
more prone to oxidation and colour formation than cellulose 
chains23. the yellowing of paper during the ageing procedure 
is attributed to the presence of chromophores formed by the 
degradation of paper components (cellulose, hemicellulose, 
lignin)25,26. the formation of macromolecular hydroperoxi-
des in the cellulose backbone was evidenced previously in 
the research on paper ageing and the significant role of the 
produced radical species was postulated25,26. 

Correlations between optical properties and all other 
characteristics were mostly strong. Fig. 1. demonstrates that 
a few outliers did not drive the lack of correlation. it was 
seen earlier that a good correlation exists between C(AA) and 
time of accelerated ageing (r = 0.9615) and to a lesser extent 
between C(AA) and L* (–0.9438), k/s (0.9353), Δe (0.9325), 
a* (0.9322), B (–0.9110) and Ys (0.9071). 

Whereas the values for C(FA) are poorly correlated with 
the optical properties and time of accelerated ageing and 
C(AA). the correlation between content of formic acid and 
all other characteristics was evaluated (r < 0.61). the weak 
correlation were between time of accelerated ageing at 98 °C 
and b* coordinate (0.7591) and between b* coordinate and 
k/s (0.7307). 

We tried to achieve a quantitative linear correlation 
between optical properties of ageing paper and a property 
related to extent of degradation formation of acetic and for-
mic acid in paper, respectively. For our multiple regression 
models, we have used the model set containing samples aged 
in the time interval from 0–60 days at 98 °C. the output 
shows the results of fitting a multiple linear regression model 
to describe the relationship between content of acetic acid 
(C(AA)) or formic acid (C(FA)) and 8 independent variables. 
the equation of the fitted model is

C(AA) = –23.5965 + 0.239192t + 0.354993L* – 
0.925779a* –1.82714b* – 0.311187B + 2.17738Ys – 
2.7564Δe + 0.850291k/s 

since the p-value is less than 0.01, there is a statisti-
cally significant relationship between the variables at the 
99 % confidence level. the r2 parameter indicates that the 
model as fitted explains 99.88 % of the variability in C(AA). 
By the method forward selection was evaluated new multiple 
linear regression model are presented table i. the r2 para-
meter indicates that the model as fitted explains 96.70 % of 
the variability in C(AA).

the equation of the fitted model for concentration of 
formic acid and optical properties and time of accelerated 
ageing is:

Fig. 1.	 scatter	plot	 for	Pearson	product	moment	 correlations	
between	each	pair	of	variables
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C(FA) = – 70.4895 + 0.0640916t + 0.667981L* – 
0.836883a* –2.84595b* + 0.234988B + 1.19121Ys + 1.2935
9Δe –10.578k/s

since the p-value is greater or equal to 0.10, there is not 
a statistically significant relationship between the variables at 
the 90% or higher confidence level. the r2 indicates that the 
model as fitted explains 92.95 % of the variability in C(FA). 
By the method forward selection was evaluated new multiple 
linear regression model which is presented in table ii. the r2 
parameter indicates that the model as fitted explains 34.4 % 
of the variability in C(FA). 

As was mentioned before, optical properties are physi-
cal properties which are often monitored by the conservators 
for the indication of chemical changes27. From this paper is 
obvious that brightness decreases during the ageing, proba-
bly because of formation of chromophore in cellulose, hemi-
cellulose and lignin, and then it increases. in this work was 
confirmed that formation of acetic acid in paper depends on 
the time of accelerated ageing and on number of chromo-
phores present in the paper which can be described by the 
kubelka-Munk coefficient. the correlation between time of 
accelerated ageing, kubelka-Munk coefficient and formation 
of acetic acid is strongly significant. Correlation between 
optical properties and time of accelerated ageing according 
to formation of formic acid is weak significant. 

in this work was also confirmed that low-molecular pro-
duct such as acetic acid have coherence with the colour infor-
mation which is consequence of the accelerated ageing. Paper 
properties are interdependent27 hence the change of optical 
properties relates with the change of chemical properties and 
fragility of pulp fibers during the accelerated ageing.

conclusions
the aim of the work was to quantify the failure of acetic 

and formic acid estimation by optical parameters in models 
of ageing papers at 98 °C from 0 to 60 days. the results pre-
sented in the paper has shown that multiple linear regression 
model describes the relationship between acetic acid content 
and independent variables as time of accelerated ageing (t) 
and coefficient of kubelka-Munk (k/s). the equation of the 
fitted model is C(AA) = 1.0985 + 0.2119t – 3.6854k/s.

the r2 parameter indicates that the model as fitted 
explains 96.70 % of the variability in acetic acid content. 
For formic acid content the equation of the fitted model is 
C(FA) = 0.299 + 0.0209b*. the r2 parameter indicates that 
the model as fitted explains 34.40 % of the variability in for-
mic acid content. 

Low-molecular product such as acetic acid, have cohe-
rence with the colour information which is consequence of 
the accelerated ageing. Formation of acetic acid in the paper 
depends on the time of accelerated ageing and on number of 
chromophores in the paper.
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introduction
it is well-known that the visibility, recognisability and 

readability of any document depend on the contrast between 
text characters and background1,2,3. the question is – how 
to quantify, measure objectivelly and predict the visibility of 
characters of text and more generally of any information in 
a document. objective method enabling to predict human-
like, or antropomorphous visibility and recognisability of 
letters of characters on paper would be of great importance. 
if available, such method could be widely used in paper qua-
lity control, process development and optimizing, recycling 
and promoting of recycled papers, in optimizing stabilisation, 
deacidification, modification of properties, coating, encapsu-
lation, paper splitting and other conservation technologies, 
measurement of effects of ageing and conservation processes 
of old books and archive documents; and last but not least, to 
improve the communication between papermaking and prin-
ting industry and their customers. in spite of this key impor-
tance, no generally accepted method is available at the time 
being.

optical properties of both paper and the printed, writ-
ten, drawn or painted characters change at processes of pro-
duction, ageing, recycling, conservation4–7 and utilization. 
these processes influence both the visibility and recognisa-
bility of characters on the paper. the question is how. How 
to measure the changes of the recognisability of character 
objectivelly and simultaneously via human-like manner to 
be able to predict the changes of antropomorphous visibi-
lity, recognisability, and readability? How to objectivise and 
predict human-like readable and perceived information con-
tent changes caused by processes of treating the paper docu-
ments?

visibility or legibility of a letter, or a character or an 
information in a document is the property expressing the abi-
lity to be seen by human eye more or less quickly, correctly, 
distinctly from a certain distance. it is determined and influen-
ced by several factors, generally comprising objective proper-
ties of documents (colour contrast, light intensity, character`s 
font face, size...) as well as subjective quality of human eye, 
illumination, geometry and other objective factors.

recognisability of a character of information in a docu-
ment is closely related to visibility, and could be defined as a 
measure of extractability of its exact meaning.

readability – the quality of a document expressing the 
ability to be understood by a human observer or intelligent 
optical device (CCD camera, oCr scanner.) correctly. 

the semantic hierarchy of the above mentioned terms 
from the viewpoint of their complexity is: visibility > reco-
gnisability > readability; it means, readability includes both 
the visibility of characters and their recognisability. Present 
conservation platforms and substances for mass conservation 
deacidification can change mechanical, chemical and optical 
properties and their stability and therefore also the visibility 
and recognisability of black letter or characters studied in this 
work. 

the work was aimed at determining the effect of ther-
mally induced accelerated ageing on antropomorphous reco-
gnisability and documenting application options of developed 
algorithm for quantifying an effect of a selected piperidine-
based antioxidant on a change in the recognisability and its 
stability.

experimental
Wood-containing paper with the grammage 45 g m–2, 

surface pH: 5.6, consisting of 55 % of the mechanically blea-
ched groundwood, 20 % of the bleached sulphate pulp, 15 % 
of the recovered fibres and 10 % of clay was used in experi-
ments. the test paper was modified by 0.5% wt. solution of 
a piperidine-based antioxidant DAo3 in hexamethyl-disilo-
xane. 

the used untreated paper had the following optical para-
meters: L*

B = 84.817; a*
B = –0.666; b*

B = 3.763.
the white paper used for calibration (2) between sub-

jective psychometrically measured recognisability and obje-
ctive parameters, and as white reference point in Figs. 1. 
and 2., with the r/r0 = 1, was white office paper Maestro 
standard (Mondi Business Paper sCP, a.s.) with the following 
Cie colour parameters: L* = 95.52; a* = 1.98; b* = –3.64.

the paper samples were exposed to the thermally-indu-
ced accelerated ageing following the AstM D 6819-02 stan-
dard, in a thermostat up to 15 days at temperature 98 ± 1 °C, 
then air-conditioned according to the iSo 187 standard at tem-
perature 23 ± 1 °C and the relative humidity rH = 50 ± 1 %. 

the Cie total colour difference ∆eC–B between the text 
character characters (L*

C, a*
C, b*

C) and its background (L*
B, 

a*
B, b*

B,) was calculated using the following equation:

2**2**2** )()()( BCBCBCBC bbaaLLE −+−+−=∆ − (1)

where
∆eC–B – the optical contrast as expressed through 

total colour difference in the Cie L*, a*, b* system between 
a printed character/letter and its background.

L*
C = 28.915; a*

C = 0.555; b*
C = –0.56 – the optical 

parameters of the printed characters or letters in the model 
test documents used for the experiments.
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the subjectively perceived recognisability (r) was 
calculated8 using the optical contrast expressed by total 
colour difference (∆eC–B) between black character (C) and 
white paper (B) by the following mathematical equation:

0.4 22
62.561

62.56
C BER −

  ∆ − = −       
(2)

relationships between the relative recognisability r/r0 
and ∆eC–B were plotted, where: 

r – recognisability of a black character (C) printed on 
modified or unmodified, aged or unaged paper background (B). 
 r0 – recognisability of the black character printed 
on white calibration paper with the L* = 95.5; a* = 1.98;  
b* = –3.64.

results
Currently it is generally accepted that the visibility, 

recognisability and readability of any document depends on 
the contrast between text characters and the background1. 
this hypothesis was tested and the obtained results are 
shown in Figs. 1. and 2. as dashed lines (2). the paper sam-
ples were subjected to accelerated ageing, which changed the 
paper lightness (L*), and the optical contrast ∆eC–B between 
a printed character and the paper, as well as the relative reco-
gnisability (r/r0). the relationship between the relative reco-
gnisability (r/r0), the optical contrast (∆eC–B) and the paper 
lightness (L*

B) is shown in Fig. 1. the relative recognisabi-
lity of characters r/r0 has been related to the recognisabi-
lity of the same black letters /characters on white calibration 
paper with the following optical parameters: L*

B = 95.52; 
a*

B = 1.98; b*
B = –3.64.

in Fig. 1., also the visualisation of the effect of the con-
stant decrease of a certain optical contrast ∆(∆e*

C–B) = 5 
– can be seen, caused through a 15 days ageing of paper on 
the human-like recognisability of black letters on a typical 
white paper (L*

B = 85), middle light (L*
B = 45) and dark 

paper (L*
B = 34); Fig. 1. represents also a difference between 

the relative recognisability based on so far accepted concep-
tions on a dependence of recognisability on optical contrast 
(line 1) and actually perceived recognisability8 based on our 
psychometric measurements (line 2). According to the men-
tioned so far accepted conceptions, visibility, recognisability 
and readability of any document depends on the contrast 
between text characters and background1. Following the 
accelerated ageing (for 15 days at 98 ± 1 °C), the optical con-
trast ∆eC–B between character and background decreased by 
∆(∆e*

C–B) = –8.3%. Stemming from a simplified linear con-
ception on dependence on the optical contrast, the character 
recognisability should decrease in the same extent, i.e. by 
∆r/r0 = –8.0%. Based on our measurements of calibration 
between subjective and objective evaluation using eq. (2) 
we calculated that the actually perceived/ antropomorphous 
change of recognisability kept almost identical in a lighter 
part of document. 

it follows from Fig. 1 that the hypothesis on dependence 
of visibility and recognisability on the optical contrast is not 
valid for white papers ranging from L* = 80 to 95, i.e. for 
papers being the most important for the productiom, recycling 
and use of white, recycled paper for graphic and newprints 
usage, or other papers for printed documents production. 

it can be seen in Fig. 1. that while in a light part of 
unmodified document or in light paper (from L*

B = 85 to 
L*

B = 76 and an optical contrast decrease by ∆(∆e*
C–B) = 

–5 units) the decrease in lightness does not cause any sig-
nificant decrease in document characters visibility, the iden-
tical decrease of paper lightness and optical contrast (from 
L*

B = 45 to L*
B = 40 and ∆(∆e*

C–B) = –5 units, respectively) 
in a middle part leads to multiply decrease in recognisabi-
lity (by ∆r/r0 = –9.8 %) and in document dark part with the 
lightness of L*

B = 34 the same darkening means 45.6% loss 
of information (r/r0 = 0). 

What is the effect of antioxidant on human predicted 
change of visibility and recognisability?

We anticipated that the antioxidant could decelerate the 
paper ageing and yellowing during the ageing which, in turn, 
should lead to a change in the human predicted recognisa-
bility of characters in document. in Fig. 2., dependences of 
optical contrast and recognisability are shown for modified 
document with L*

B = 84.582; a*
B = –0.586; b*

B = 4.139.

Fig. 1.	 visualisation	of	the	effect	of	the	constant	decrease	of	the	
optical	contrast	∆(∆e*c–b) = –5 through the ageing of unmodified 
paper	on	the	human-like	recognisability	of	black	letters	on	a	typi-
cal	white	paper	(l*	=	85),	middle	light	(l*	=	45)	and	dark	paper	
(l*	=	34);	the	relationship	between	the	visually	estimated	relative	
recognisability	index	(r/r0),	and	both	the	printed	black	charac-
ter-paper optical contrast (∆Ec–b)	and	the	paper	lightness	(l*

b);	
1	–	function	based	on	the	assumption	of	equivalency	of	the	subje-
ctive	relative	recognisability	and	the	optical	contrast
2  –  function  according  to  equation  (1); ∆R/R0	[%]	=	a	 relative	
decrease	 in	recognisability	related	 to	 the	recognisability	of	 the	
characters	 possessing	 the	 same	 black	 intensity	 colour	 in	 cali-
bration	 paper	 with	 l*

b	=	95.52;	 a*
b	=	1.98;	 b*

b	=	–3.64;	 non-
modified  sample  had  the  optical  parameters:  L*

b	=	84.817;		
a*

b	=	–0.666;	b*
b	=	3.763
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Fig. 2. demonstrates the effect of ageing to a change in 
optical properties and recognisability of the paper modified 
by the used antioxidant. Comparing to Fig. 1. it is obvious 
that the effect of the antioxidant for recognisability is not 
significant. using eq. (2) we came to a conclusion that antro-
pomorphous change of recognisability in light document is 
–1.4 %. it is 7.4 times less than at recognisability according 
to so far accepted knowledge. the effect of the antioxidant 
thus lies in a mild decrease of antropomorphous recognisabi-
lity after 15-days ageing.

What is the situation concerning a dark part of the docu-
ment or dark documents from dark papers? if the ageing 
and antioxidant caused the same change of optical contrast, 
i.e. change in ∆eC–B by 6.5 units, the actual human-percei-
ved recognisability decreases due to the ageing by 13.4 %. 
As given by Fig. 2., a change in ∆eC–B by 6.5 units from  
15 to 8.5.

conclusions
Generally it is believed that the visibility and recognisa-

bility of a document depend on optical contrast between  

the characters and the paper backround. the aim of this work 
was to test this hypothesis and to quantify the effect of acce-
lerated ageing and paper modification with piperidine-based 
antioxidant on the visibility and recognisability of the black 
characters on paper. 

it has been estimated that the hypothesis of a depen-
dence of recognisability on the optical contrast failed – in 
very wide range of white papers. the dependence of reco-
gnisability is negligible in white paper documents. the less 
the recognisability of characters depends on the white papers 
the more meaningfull is the dependence in middle light paper 
documents and critically in dark paper documents. 

the used antioxidant of piperidine type did not have 
meaningfull effect on paper stabilisation, neither against the 
changes of the paper optical properties nor the changes antro-
pomorphous visibility and recognisability of printed informa-
tion in a document caused by ageing.

This work was supported by ME SR No. 2003 SP 
200280301 Preservation, Stabilization and Conservation of 
Traditional Information Carriers in the Slovak Republic.
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Fig. 2.	 visualisation	 of	 the	 effect	 of	 the	 constant	 decrease		
of	 the	 optical	 contrast	 ∆(∆e*

c–b)	=	–6.5	 through	 the	 ageing		
of paper modified with the antioxidant DAO3 on the human-like 
recognisability	of	black	letters	on	typical	white	paper	(l*	=	85),	
middle	 light	 (l*	=	45)	 and	 dark	 paper	 (l*	=	36);	the	 relation-
ship	between	 the	recognisability	 index	 (r/r0),	 the	optical	 con-
trast (∆Ec–b)	and	the	paper	lightness	(l*

b)
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introduction
the problem of global warming has been uncovered a 

long time ago. the attention of scientists and researchers in 
many fields is focused on possible reduction of greenhouse 
gases increase to the atmosphere. such process requires 
principal understanding of carbon (C) stabilization in soils 
because the amount of organic matter stored in soils repre-
sents one of the largest reservoirs of organic carbon on the 
global scale. Unfortunately, the mechanisms for carbon sta-
bilization in soils are still not perfectly clear and thus the 
maximal potential for C stabilization in soils remains una-
scertained1.

some important soil qualities, such as fertility or stabi-
lity are directly related to its organic matter presence. Many 
functions of soil organic matter (SoM) are due to its stable 
fraction, the humified materials, and to its balance with the 
labile fractions. Altogether it affects, directly or indirectly, 
many physical, chemical and biological properties that con-
trol soil productivity and resistance to degradation. Chan-
ges in the quantity and quality of SoM and its equilibrium 
level depend on the interaction of several factors. As SoM 
enters and resides in soil, it is subjected to fundamental pro-
cesses that alter its composition and quantity. these are e.g. 
humification, aggregation, translocation, erosion, leaching 
and mineralization2. other changes in SoM content are 
related to changes in microbial biomass turnover because 
they reflect the balance between rates of microbial organic 
matter accumulation and degradation. However, SoM as a 
whole responds less quickly to changing soil conditions than 
microbial biomass. therefore, the nature of the organic mat-
ter itself, rather than its concentration, may be more sensitive 
indicator of the changes in soil quality3.

the main fraction of organic matter contained in soils, 
peats, sediments, low-rank coals and natural waters consists 
of humic substances (Hs), which comprise a complex mix-
ture of both aromatic and aliphatic moieties, having a large 
number of functional groups. Chemical and structural charac-
teristics of Hs are known to be better predictors of the rate of 
SoM turnover than SoM content itself4.

Processes in condensed phase are extensively studied by 
thermoanalytical methods. Mechanisms of these processes 

are very often unknown or too complicated to be characte-
rized by simple kinetic model. to describe their kinetics, of 
which we speak, the methods based on the single-step appro-
ximation are often used, either the model-free or model-fitting 
ones. it is generally recognized that the rate of the processes 
in condensed phase is a function of temperature (T) and con-
version (α). the rate of the complex multi-step condensed-
state process can be formally described as

where k (T) is temperature function and f (α) conversion fun-
ction. the temperature function in (1) is mostly considered 
to be the rate constant and the conversion function is consi-
dered to reflect the mechanism of the process5,6. With only 
for few exceptions, the temperature function is expressed by 
the well-known Arrhenius equation: 

where A and E are considered the pre-exponential factor and 
the activation energy, respectively, T is the absolute tempe-
rature and r stands for the gas constant. it has been justi-
fied that, since k (T) is not the rate constant and E cannot be 
mechanistically interpreted in the term of free energy barrier, 
there is no reason to be confined to the Arrhenius relation-
ship and use of two non-Arrhenius temperature functions was 
suggested:

where m and D are adjustable parameters7. the evaluation 
is carried out at fixed conversion. the isoconversional pre-
dictive procedure is huge and has already been successfully 
employed also in studying Hs8.

experimental
Humic samples were extracted according to internati-

onal Humic substances society (iHss) procedures. they 
included:

fulvic acid FA1, (B horizon of spodo-Dystric Cambisol, 
mountain spruce forest, Boubín, Bohemian Forest, Cz), 
aromaticty: 29.0 %
humic acid HA1, (of horizon of Spodo-Dystric Cambi-
sol, mountain spruce forest, Boubín, Bohemian Forest, 
CZ), aromaticty: 30.2 %
humic acid HA2 (of horizon of Podzol, mountain spruce 
forest, trojmezí, Bohemian Forest, Cz), aromaticty: 
46.5 %
humic acid HA3 (oxyhumolite lignite, Bílina mine, 
north Bohemia, CZ), aromaticity: 61.0 %

the aromaticity of samples was determined by 13C Ls 
nMr analysis. thermogravimetric analyses of all samples 
in the dynamic air atmosphere (25 ml min–1) were performed 

•

•

•

•

, (1)

, (2)

 (3)

, (4)



Chem. Listy, 102, s265–s1311 (2008) Physical & Applied Chemistry

s1087

using tA instruments tGA Q 5000 ir. Approximately 
2–3 mg of each sample were measured in open crucible at 
7 different heating rates (0.5–15 k min–1) from room tempe-
rature up to 600 °C.

the aim of this study lies in assessment of the stability 
of humic substances with different aromaticity degrees using 
two distinct equations, (3) and (4), as temperature functions. 
such computed conversion times (having a meaning of stabi-
lity – the higher the conversion time the higher the stability) 
serve for elucidation of role of aromaticity during the humic 
substances degradation.

results
the thermogravimetric records (Fig. 1., tG) showed 

two or more steps of weight losses, the first one clearly attri-
butable to loss of water (Fig. 1., part i), whereas others to 
degradation of organic molecules present in the humic matter 
(Fig. 1., part ii). the latter steps were used to assess the sta-
bility of examined samples. Both the beginning as well as the 
end of such steps was verified by the first derivative of the tG 
curve (Fig. 1., DtG). 

the mass losses obtained at different heating rates were 
recalculated to conversion intervals (0–100 %). From this 
interval, several conversions were selected and for those the 
stabilities for 25 °C were calculated using the mathematical 
apparatus of integral isoconversional method at linear hea-
ting with two non-Arrhenius temperature functions. values 
of conversion times served for comparison between samples 
with different aromatic degrees. relative stabilities (rs) 
were determined as a ratio of conversion times for each 
conversion over the whole interval. the conversion time 
of sample FA1 being always the denominator (and thus the 
reference) because of its lowest aromatic degree. such appro-
ach is usually used in evaluation of de-/stabilizing effect of 
various additives in many materials. in these cases the rs is 
called the protection factor with the value 1 having crucial 
meaning.9 For our purposes the absolute values of rs are not 
of key relevance.

the induction periods (i.e. conversion times at 0% con-

version) of all samples regarding both temperature functions 
are summarized in table i. Comparing the humic acids, it is 
obvious that the higher the aromaticity the higher the stability 
of the sample. the fulvic acid shows higher stability than its 
humic analogue having almost the same aromatic C content. 
this can be caused by the presence of structurally different 
aliphatic parts, more energy demanding for degradation than 
in HA1. Comparison of FA1 with HAs having the aromatic 
C content much higher shows that the previously described 
dependence is abided.

the comparison of stability curves in Figs. 2. and 3. 
implies the fact that both temperature functions are suitable 
for evaluation of thermo-oxidative stability of humic matter 

because the patterns are much likely similar. A major diff-
erence can be seen in the values of rs, which is axiomatic 
considering the diverse temperature functions. But as stated 
above, if these values serve only for comparison between 
samples there is no reason to take the absolute values into 
account. 

it is generally accepted that degradation proceeds from 
labile parts of humified matter to stable constituents repre-
sented by aromatic and heterocyclic cores. As suggested 
elsewhere10, humic molecules tend to recombine and there-
fore the introduction of new, more stable molecules is pro-
bable. 

sample with the lowest aromaticity degree (FA1) has 
been selected as a reference and all other samples are compa-
red to that one. it shows very low initial and also progressing 

Fig. 1.	 tg	and	dtg	record	of	fa1,	heating	rate:	10	k	min–1

table i
induction periods for 25 °C using both functions

 Sample iP using eq. 3 [yrs] iP using eq. 4 [yrs]
 FA1 0.166 0.067
 HA1 0.064 0.030
 HA2 0.275 0.107
 HA3 1.651 0.429

Fig. 2.	 relative	stability	curves	of	humic	samples,	eq.	(3)
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stability during the degradation process, meaning that first the 
high amount of aliphatic parts degrade. the rs of all other 
samples show from 70 % of conversion steep decrease indi-
cating the presence of original or newly ocurring aromatic 
moieties in FA1. stability of this sample is at the end of the 
degradation process the greatest of all. HA1 is of same origin 
as FA1 differing only in the soil horizon and in higher aroma-
ticty, of course. their stability progress is up to 40 % more or 
less the same. the stability differs from higher conversion, 
which can be explained by higher content of aromatic C in 
sample HA1 and also by distinct types of present aromatic 
molecules when comparing fulvic to humic acid. Although 
the aromaticty of sample HA2 is much larger when compared 
to HA1, their conversion patterns as well as stability values 
are very similar. Both of the samples are of soil origin, sug-
gesting presence of analogous molecules. slighter difference 
can be observed from 80 % of conversion. the explanation 
can lie in the fact that in HA2 very stable aromatic constitu-
ents are present and their degradation occurs in the last stage. 
sample HA3 displays different shape of stability curve from 
the very beginning. its stability increases until the conversion 
of 70 % is reached but then it decreases and at the end of the 
degradation process the stability is the lowest of all examined 
samples. A presence of absolutely different aromatic and ali-

phatic molecules in comparison with other samples is highly 
probable because of its origin. Aromatic molecules in lignitic 
humic acids are supposed to possess more extensive condens-
ation. thus the stability from 30 to 70 % exhibits extremely 
high values. the end of the degradation process shows utterly 
opposite progress than that of sample FA1 with the lowest 
aromatic C content.

conclusions
summarizing all the results, it can be seen that the aroma-

ticity itself is not the absolute indicator of stability of humic 
materials and their origin has to be taken into account. But it 
can be helpful in assessment of soil organic matter depletion 
and help in development of remediation and soil restoration 
techniques. Moreover, the discovery of the right temperature 
function and approximation could contribute to modelling of 
C flux in natural systems.

The financial support of Ministry of Education of the 
Czech Republic, project MSM 0021630501 is acknowledged.

reFerenCeS
 1. v. Lützow M., kögel-knaber i., ekschmitt k., Matzner 

e., Guggenberger G., Marschner B., Flessa H.: eur. J. 
soil sci. 57, 426 (2006).

 2. Dick W. A., Gregorich e. G., in: Managing Soil Quality: 
Challenges in Modern , CABi Publishing, oxon 2004.

 3. Dell’Abate M. t., Benedetti A., Brookes P. C.: J. sep. 
sci. 26, 433 (2003).

 4. Hayes M. H. B., MacCarthy P., Malcolm r. C., swift, 
r. s.: Humic Substances II. In Search of Structure. Wi-
ley, new York 1989.

 5. Šimon P.: J. therm. Anal. Cal. 88, 709 (2007).
 6. Šimon P.: J. therm. Anal. Cal. 82, 651 (2005).
 7. Šimon P.: J. therm. Anal. Cal. 79, 703 (2005).
 8. válková D., kislinger J., Pekař M., kučerík J.: J. therm. 

Anal. Cal. 89, 957 (2007).
 9. Cibulková z., Šimon P., Lehocký P., Balko J.: Polym. 

Degrad. stabil. 87, 479 (2005).
 10. kučerík J., kamenářová D., válková D., Pekař M., kis-

linger J.: J. therm. Anal. Cal. 84, 715 (2006).

Fig. 3.	 relative	stability	curves	of	humic	samples,	eq.	(4)



Chem. Listy, 102, s265–s1311 (2008) Physical & Applied Chemistry

s1089

l07	 nmr	sPectroscoPy	of	minor	
comPounds	in	wine	a	comParison	
of	different	Pre-concentration	
methods

MiLAn MAZUr, kAtArínA FurDíková, MiCHAL 
kALiňák, MArián vALko, vLADiMír žúBor and 
nAďA PrónAYová 
Faculty of Chemical and Food Technology, Slovak Techni-
cal University, Radlinského 9, 812 37 Bratislava, Slovak  
Republic,
milan.mazur@stuba.sk 

introduction	
the certification of the origin and geographical indica-

tions of food products has aroused increasing interest due to 
the introduction of european regulations for protection of ag-
ricultural products in the common market.1–6 

Wine is a complex mixture of several hundred com-
pounds present at different concentrations. the dominant 
ones are water, ethanol, glycerol, sugars, organic acids and 
various ions. Besides water, ethanol and glycerol, the other 
compounds like aliphatic and aromatic alcohols, amino acids 
and phenolic compounds are present at much lower concen-
trations5. Chemical analysis of complex mixtures like wine 
is becoming more important due to general endeavour to 
achieve adequate production quality. For wines particularly, 
differentiation according to wine variety, geographical origin 
and the year of production is of importance also in authenti-
city determination.1–3 

High-resolution nMr spectroscopy has an outstanding 
position in the field of chemical analysis of food products 
because it is non-destructive, selective, and capable of simul-
taneous detection of many low molecular mass components 
in complex wine mixture5. the sample preparation for nMr 
spectroscopy is relatively simple and less time consuming. 
Another advantage of nMr spectroscopy is the possibility 
of detecting the magnetic resonance of different nuclei pre-
sent in a molecule in different electronic and spatial environ-
ments. 1H and 13C nMr spectroscopy can successfully be 
used for detection of sugars, organic acids, anthocyans and 
amino acids present in wine as well as differences in their 
composition originating from different geographical area 
and can be used as a fingerprint for the monitoring of euro-
pean wines.5–10 Unfortunately, the weak signals of the minor 
compounds in nMr spectra are overlapped by the signals of 
other compounds present and especially by the dominant sig-
nals of water, ethanol and glycerol. For example, the amino 
acids are normally present in wine only at very low concent-
rations (in the range of 1–150 mg dm–3) and therefore various 
techniques for the pre-concentration of the wine samples are 
needed.8–10 

this contribution describes the comparison of three 
methods of sample preparation namely vacuum concentra-
tion, freeze-drying and argon-flow concentration with the 
results obtained from untreated wine for characterization of 

minor compounds in slovak Chardonnay white wine by 1H 
nMr spectroscopy.

experimental	
A p p a r a t u s

All 1H nMr spectra were recorded on a varian inovA 
600 MHz nMr spectrometer, which is located at Faculty of 
Chemical and Food technology (Department of nMr and 
mass spectrometry, Bratislava, slovakia), with a 5.00 mm 
indirect detection pulsed field gradient probe operating at 
600 MHz for 1H nuclei. the temperature during all experi-
ments was 25 °C.

C h e m i c a l s
Deuterium oxide (99.9 %) was purchased from Aldrich 

and it contained 0.05% sodium 3-(trimethylsilyl)propionate
–2,2,3,3,-d4 (tsP) that served as an internal standard for che-
mical shift 0.0 ppm).

s a m p l e  p r e p a r a t i o n
Chardonnay white wine (small Carpathian wine-

growing region, slovakia, vintage 2005) was selected for all 
nMr experiments. Four different groups of wine samples 
were prepared as follows: 

Wine samples were not pre-concentrated. in this direct 
analysis of wine samples 0.5 ml of wine was mixed with 
0.1 ml D2o for nMr field/frequency lock. 
Wine samples were pre-concentrated by vacuum-distil-
lation. 5 ml of wine was pre-concentrated by vacuum 
distillation using rotary evaporation unit for 6 hours. the 
concentrate was dissolved in 1 ml of D2o and 0.6 ml 
was used for measurement.
Wine samples were pre-concentrated by freeze-drying. 
Again 5 ml of wine was frozen in liquid nitrogen and 
freeze-dried for 20 hours. the lyophylisate was dissol-
ved in 1 ml of D2o and 0.6 ml was used for measure-
ment.
Wine samples were pre-concentrated under argon-flow. 
Again, 5 ml of wine was dried under argon-flow for 
2 hours until there was no further liquid in the sample. 
the dried sample film was dissolved in 1 ml of D2o and 
0.6 ml was used for measurement.

After the freeze and argon-flow- drying, close attention 
should be given to minimise the contamination of the dried 
sample with atmospheric humidity.4,6–9 the pH values of all 
prepared samples were found in the interval of 3–4. 

M e a s u r e m e n t
1H nMr spectra were acquired in 5 ml nMr tubes with 

and without the suppression of strong signals by presatura-
tion. For suppression of large water signal the presaturation 
pulses (varian pulse sequence PreSAt) were applied to ir-
radiate the water signal at 4.80 ppm.

•

•

•

•
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results
it is known that 1H nMr resonances of amino acids 

together with signals of succinic acid, glycol and buthylene 
glycol can be used to differentiate wines according to the wine 
variety, geographical origin and year of production.3,5–10 in 
the present paper a different technique of the pre-concentra-
tion of the Chardonnay white wine has been investigated.

Fig. 1. shows the 1H nMr spectra of the wine sample 
that was directly analyzed without any pre-concentration. 
the signal assignment in 1H nMr spectra of wine sam-
ples was done according to literature5–10 as follows: valine 
at 1.05 ppm, butylene glycol at 1.13 ppm, ethanol (CH3) at 
1.17 ppm, lactic acid 1.35 ppm, alanine at 1.49 ppm, iso-
leucine at 2.01 ppm, acetic acid/acetates at 2.04 ppm, pro-
line at 2.34 ppm, malic acid at 2.63 and 2.82 ppm, succinic 
acid/succinates at 2.66 ppm, lysine at 3.04 ppm, citruline at 
3.13 ppm, arginine at 3.26 ppm, ethanol (CH2) at 3.64 ppm, 
glycerol (CH2) at 3.62 ppm, glycerol (CH) at 3.76 ppm, tart-
aric acid at 4.79 ppm and water at 4.80 ppm. 

it is obvious that 1H nMr spectra of wine are very 
crowded and many signals are overlapping (see Fig. 1.). 
Because of the different concentration levels of the par-
ticular compounds the signal intensities can vary by the 
factor of 20 or more. therefore the small signals of minor 
compounds are overlapped by the signals of dominant com-
pounds (water, ethanol and glycerol) and the correct assign-
ment is very problematic. in accord with literature data5–10, 
the region of the spectrum between 0.5–2.5 ppm contains the 
signals from many species including ethanol, acetic acid and 
acetates. strong signal of ethanol at 1.17 ppm shows over-
lapping and it causes difficulties in the assignment of this 
region. Between 2.5–5.5 ppm the spectrum shows signals 
related to the principal organic acids present in wine (malic, 

sucinic, lactic and tartaric). However the tails of the domi-
nant frequencies of ethanol at 3.64 ppm and glycerol at 3.62 
and 3.76 ppm obscure the weak signals in the vicinity of the 
strong ones. this causes problems with the assignment of 1H 
signals in the region between 3.6–4.8 ppm, in which the sig-
nals of (CH2) protons of amino acids and the signals of sugars 
are expected7,9. 

successful suppression of intense signals improves the 
clarity of the spectrum and the signal to noise ratio. With the 
increasing amplification of the vertical scale the baseline 
near the strong signals is strongly affected by their tails in the 
spectrum without suppression, whereas in the case of suppres-
sion their influence on the surrounding is significantly redu-
ced. nevertheless, when using the signal suppression tech-
niques we have to be aware that some information from the 
spectra close to the suppressed signals may be lost9, because 
suppression causes “holes in the spectrum”. the penalty is 
not significant considering the extra amount of information 
obtained. 

it is common to use some kind of pre-concentration tech-
nique in the preparation procedure4,6-9. Most prevalent tech-
niques are vacuum-distillation using rotary evaporation unit, 
lyophilization and drying under nitrogen-flow. Concentrated 
samples are obtained that contain not only the compounds of 
interest but also some portion of major constituents that may 
cause the signal shifting and/or line broadening9. 

Fig. 2. shows 1H nMr spectra of Chardonnay wine 
samples, which were pre-concentrated by (a) vacuum-distil-
lation, (b) freeze-drying and (c) argon-flow. the water sig-
nal (at 4.80 ppm) was suppressed by presaturation. the 1H 
spectra of wine samples pre-concentrated by vacuum-distil-
lation and freeze-drying (Fig. 2.a and b) still show signals at 
1.17 and 3.64 ppm that demonstrate a low quantity of ethanol 
remained in these samples. this is in accordance with litera-

ppm 0.01.02.03.04.05.0

ppm 0.01.02.03.04.05.0

Fig. 1.	 Part	 of	 1h	 nmr	 spectra	 of	 white	 wine	 (chardonnay,	
small	carpathian	wine-growing	region,	slovakia,	2005).	spectra	
were	 acquired:	 (a)	 without	 suppression	 of	 strong	 signals,	 (b)	
with	suppression	of	water	signal	by	presaturation.	wine	samples	
were	not	pre-concentrated	(direct	analysis	of	wine	samples).	for	
assignment	of	selected	signals	of	amino	acids	see	text

ppm 0.01.02.03.04.05.0

ppm 0.01.02.03.04.05.0

ppm 0.01.02.03.04.05.0

Fig. 2.	 Part	 of	 1h	 nmr	 spectra	 of	 white	 wine	 (chardonnay,	
small	carpathian	wine-growing	region,	slovakia,	2005).	spectra	
were	 acquired	 with	 suppression	 of	 water	 signal	 by	 presatura-
tion.	wine	samples	were	pre-concentrated:	(a)	by	vacuum-dis-
tillation, (b) by freeze-drying, (c) under argon-flow. For assign-
ment	of	selected	signals	of	amino	acids	see	text
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ture data.6–10 Differences in signal intensity were also obser-
ved especially for compounds such as acetic acids and aceta-
tes at 2.04 ppm when compared to the 1H spectrum of wine 
without pre-concentration (see Fig. 1.). the drying of Char-
donnay wine by argon-flow revealed compounds between 
1.0–1.5 ppm in the 1H nMr spectrum (Fig. 2.c). it is clear 
that the ethanol signals were diminished in the spectrum of 
such pre-concentrated sample. As shown in literature7, this 
allows the determination of butylene glycol and alanine at 
1.13 and 1.49 ppm. the presence of significant resonance of 
lactic acid at 1.35 ppm (due to malolatic fermentation) makes 
difficulties to assign alanine signals. Between 2.0–3.4 ppm 
peaks from organic acids, arginine and proline are also obser-
ved in the 1H nMr spectrum of the Chardonnay wine sam-
ples pre-concentrated by argon-flow. the 3.5–4.0 ppm region 
of the spectrum still shows a strong contribution of the glyce-
rol. then the spectral distinction of carbohydrate is extremely 
difficult due to peak overlap7. 

As cited in the literature6–10, even after more than two 
days of freeze-drying some water and ethanol remained in the 
lyophylisate. Because prolonged drying is not acceptable for 
a procedure that should required as little time as possible, the 
limit ca 20 hours is a good compromise between acceptable 
time of sample preparation and losing sensitivity in nMr 
measurement. the conditions of vacuum-distillation and 
mainly during freeze-drying are not easily controlled and the 
temperature and pressure must be well monitored in order to 
reach a good state of reproducibility7,9. in vacuum-distilla-
tion, freeze-drying and argon-flow-drying it is not possible to 
make quantitative analysis of the volatile compounds due to 
their evaporation7,9. in complex mixture such as wine, care 
should be taken to pH, which may influence considerably the 
chemical shifts9. Attention should also be paid to the concen-
tration of paramagnetic species in the wine samples.

conclusions	
High field nMr spectroscopy has been shown to be 

a promising method for the non-destructive analysis of minor 
components in wine. However, the direct analysis of minor 
compounds such as amino acids in wine samples by 1H nMr 
is limited by overlapping of their weak signals by strong sig-
nals of dominant compounds (water, ethanol and glycerol). 

in the wine samples pre-concentrated by vacuum-distillation 
(for 6 hours) a low quantity of water and ethanol, but relative 
high glycerol concentration still remained in the sample. the 
same is true for the freeze-dried samples and additionally this 
process is relatively long (about 20 hours) and its reproduci-
bility is affected by many factors. Diminution of the ethanol 
signal was observed in 1H nMr spectra of the wine samples, 
which were dried under argon-flow. unfortunately, a relative 
high quantity of glycerol is still present in the sample even 
using this technique. the argon-flow drying shows advanta-
ges in the identification of compounds present as minor con-
stituents and it is less time consuming (ca 2 hours).

This work was supported by Science and Technology 
Assistance Agency under the contact No. APVT-0055-07 
and APVV-0488-07, Slovak State Program Project No. 
2003SP200280203 (NMR measurements), and by Slovak 
Grant Agency for Science (VEGA 1/0575/08 and VEGA 
1/3579/06). The authors are grateful to Dr. T. Liptaj for fruit-
ful discussion during the course of this work.
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introduction
increasing demands for new materials and solutions in 

printing and packaging industry cause continuous innovation 
in a growing market. Paper and cellulosic materials are still 
promising candidates for flexible materials provided suitable 
properties including barrier ones such as water repellence and 
grease resistance1. other demands are focused in restoring 
of naturally aged papers, documents and books in archives 
heritage to save and stabilize them2.

Surface modification like hydrophobization, streng-
thening or stabilization of paper/cellulose can be achieved 
by standard coatings or also by several chemical vapours 
deposition (CvD) techniques1–4 mostly enhanced by plasma 
(PeCvD) or using plasma polymerization. Plasma deposited 
films have several advantages: compact layers are pinhole-
free, chemically inert, insoluble, mechanically tough, ther-
mally stable and coherent and highly adherent to variety of 
substrates1. However, often thin inhomogeneous and dis-
continuous (island type) coatings are produced by plasma 
assisted deposition or grafting. Despite of just the top surface 
modification the surface energy is changed considerably3,4.

Low-pressure plasma treatment is not convenient to treat 
common paper, because of the vacuum problems and long 
and expensive process. so, the atmospheric pressure dischar-
ges are preferentially used, particularly the corona discharge 
and several types of dielectric barrier discharges (DBD).4–6 
next advantages of atmospheric discharges are a high effecti-
vity of free radical, metastables and excimers creation and the 
ability of high rate and large scale of technological treatment. 
the energy of the plasma breaks the molecular bonds on the 
surface of the substrate. the broken bonds then recombine 
with the free radicals from the plasma bulk to form additi-
onal functional groups on the film surface, where grafting, 
polymerization or crosslinking can occur. in the presence of 
oxygen, the high speed oxidation occurs, that results in high 
surface energy, polarity, wettability, but also in degradation6. 
Under special conditions plasma etching can be applied to 
cleaning or even to thinning the paper. thinning the cellulose 
it can convert to a low energy hydrophobic surface7. How-
ever, hydrophobization is mostly made by fluorinating thin 
layer, e.g. with fluorotrimethylsilane3, CF4, sF6 or C4F8.

1–4 
Also organosilicon compounds (particularly hexa-

methyldisiloxane HMDSo) are used to achieve hydro-
phobization of paper/cellulose3,5,8, where the presence  
of a crosslinked macromolecular structure, based on Si – o – Si 
and Si – o – C linkages was detected. implanted functional 

groups (as – si(CH3)x) at the surface layers of the paper sub-
strates are chemically linked mainly to the lignin component 
on the paper3. Water absorption of papers was significantly 
reduced (from hundreds to tens g m–² of water) and the con-
tact angle increased from < 15 ° to > 120 ° while the strength 
properties and brightness of the papers remained practically 
unaffected.

Plasma has been already used in the restoration of natu-
rally aged paper, focusing on sterilization, cleaning and dea-
cidifying books	as well, by using alkaline plasma (nitrogen, 
ammonia) and strengthening them by a grafting and coating 
by a plasma polymerization2,9.

in this work, we investigate the hydrophobization of 
different papers by vapours of HMDSo and 3 carbohydra-
tes activated in n2 plasma at atmospheric pressure in 2 man-
ners.

experimental
two techniques of plasma treatment of papers were 
used. (i) the volume dielectric barrier discharge (DBD, 
15 kv, 5 kHz) in standard configuration (Fig. 1.a), where 
the treated paper is going directly through the plasma 
of the mixture of n2 and vapours, everything inside  
the air protective chamber (“inside-DBD” regime). 
(ii) the plasma mixture of n2 and vapours is created 
in DBD and is blown onto the untreated paper passing 
2 mm near the jet in common air atmosphere (Fig. 1.b, 
“after- DBD” regime). 
three different paper sheets were used as substrates: cel-
lulosic Whatman (standard filter paper, no. 1001-917, 
england, 90 g m–2, thickness 280 mm), newsprint paper 
(nP, simulating acidic papers from 19–20th century, 

•

•

(a)

(b)

HV

DBD

HMDSO + N2

Fig. 1.	 Paper	treatment	inside	dbd	(a)	and	in	down-stream	af-
ter-dbd	(b)	plasma
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45 g m–2,vetrni, Czech. rep.) and common office copy 
paper (CP, woodfree, white, 80 g m–2, europapier)
4 different monomers: hexamethyldisiloxane (HMDSo), 
n-heptane, cyclohexane and toluene were used as vapours 
in a mixture with nitrogen created by percolating of nit-
rogen through the bottle of liquid monomer.
Paper properties were characterized by 5 ml water drop 
imbibition using CCD camera (See software 6.1, Mu 
Brno, Czech.rep.,) by Ftir spectroscopy (excalibur, 
Fts 3000 MX, Digilab, UsA, resolution 4 cm–1) with 
total reflection (Atr) technique (25 reflections krS-
5 crystal, 45 °), and by water adsorption measurement 
using classical McBain balances with quartz spiral 
(1,230 mm g–1). 
Aging stability of the modified paper was tested by arti-
ficial accelerated thermal aging according new method 
of Begin-kaminska (5 days in closed bottle at 100 °C, 
rH 50%)10

results
the papers treated in mixture plasma of nitrogen and 

vapours exhibited hydrophobic character as was evident 
from icreasing water contact angles up to 120 ° already in 
short exposition times table i. However, when the water drop 
imbibition occurs the contact angle is not relevant parame-
ter because of non stable drop. the changes to hydrophobic 
character can be better evaluated by imbibition (soaking) 
kinetics (Fig. 2.). 

the flow rate of n2 through the liquid monomer 
(HMDSo) was optimized to a value of 3.8 dm3 min–1 for 
standard inside-DBD regime and 6.8 dm3 min–1 for after-
DBD regime. 

Drops volumes for soaking experiments were round 
5 ml and the volume of spherical cap, V, was calculated from 
the sessile drop radius r and height h and contact angle q:

V = �h2(3r – h)/3 h = r(1 – cosθ) (1)

the rate of imbibition (in ml s–1) was calculated from the 
slope of imbibition kinetics (Fig. 3.), where some minimum 
was achieved for inside-DBD. it is caused by creation/degra-
dation balance inside the plasma. stronger hydrophobiza-
tion was achieved by after-DBD, however it is less effective 
energetically (10 times higher exposition) than inside-DBD,  

•

•

•

and some problems could be in physical bonding of coating 
to the paper. so, the exposition was optimized to 10 J cm–2 for 
inside-DBD and to 80 J cm–2 for after-DBD. 

other three monomers (n-heptane, cyclohexane and 
toluene) were applied to treat papers just in optimized expo-
sition doses. the level of hydrophobization correlates with 
reverse rate of imbibition, that is the imbibition time of 1 ml, 

table i
Contact angles [°] of water drop at initial and plasma treated 
paper surfaces, after-DBD, 60 J cm–2

 Papers initiale Pure HMDSo n- Cyclo- toluene  surface n2  heptane hexane
 Whatm. n* n* 122 90 110 105
 nP 65 85 119 100 106 105
 CP 85 75 120 102 105 110
n* – nonmeasurable
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Fig. 2.	 time	evolution	of	sessile	water	drop	volume	for	what-
man	and	hmdso	and	different	expositions,	for	inside-dbd	(a)	
and	after-dbd	(b)	regimes
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Fig. 3.	 exposition	 dependence	 of	 imbibition	 rates	 for	 what-
man	treated	inside-dbd	and	in	after-dbd	(n2/hmdso)
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timb [s ml–1]. Calculated timb from experimental data of imbi-
bition kinetics are shown in Fig. 4. for all vapours and sub-
strate materials used.

the level of hydrophobization is very different for dif-
ferent papers, because of big differences of initial materials 
including wetting and roughness. the hydrophobization is 
most effective in case of newsprint paper (nP) and generally 
using HMDSo. However, the data dispersion is very high  
(up to 30 %), because of materials inhomogenity, DBD insta-
bilities and inhomogenities and droplet soaking errors.

the changes of absorption ir spectra (surface Atr tech-
nique) of treated paper surfaces were generally very small.  
it means that very thin surface layer of paper is affected 
or very thin deposited layer is created, considering paper 
porosity. in the most successful case of HMDSo, some new 
functional groups are readable in Ftir spectra, Fig. 5.

the hydrophobized papers exhibited interesting perfor-
mance after artificial aging. namely in the case of inside-
DBD and at long time expositions the aging causes consi-
derable increase of hydrophobic character, probably because 
of recombination (and crosslinking) of long live free radicals 
created in plasma during long exposition.

Despite of noticeable hydrophobization in soaking pro-
cess, adsorption properties of papers hydrophobized in both 

manners were changed just a little, Fig. 6. the adsorption 
was performed at 25 °C, however, it is not typical isotherm, 
because of relatively quick increase of rH (1 % min–1). 

if slower increase were applied (0.1 % min–1 – equilib-
rium regime), the curves were nearly identical with the non-
treated Whatman paper. it means that the long-term water 
sorption maintained unchanged, while the penetration rate 
was lowered due to hydrophobic surface.

it indicates that the paper porosity did not changed 
practically with the hydrophobization processes. Proba-
bly, the hydrophobic coating is very fine, discontinual, with  
an island-like character, and the thickness of coating as well 
as the islands dimensions are in nanometer scale.

conclusions
Different papers were continuously modified/hydropho-

bized by dielectric barrier discharge (DBD), inside DBD and 
down stream (after-DBD), using nitrogen as working gas 
with four organic vapors (including hexamethyldisiloxane, 
HMDSo). Modified papers were characterized by water 
imbibition (soaking), sorption and penetration kinetics and 
by absorption Ftir spectroscopy (surface sensitive Atr 
techniques).

the levels of hydrophobization of papers are very diff-
erent for different papers and vapours, because of big diffe-
rences of initial materials including wetting and roughness. 
the hydrophobization was the most effective using HMDSo 
and good noticeable for newsprint paper (nP) and What-
man. However, the data errors were very high (30 %) due to 
paper surface inhomogenities and instabilities of DBD that  
ought to be more controlled.

We thank the Slovak Grant Agency for financial support 
of this project, VEGA 1/0815/08.
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introduction
During the last ten years, hyaluronan molecule rises in his 

importance. Due to its high biocompatibility and its common 
presence in the extracellular matrix of tissues, hyaluronan is 
gaining popularity as a biomaterial scaffold in tissue engi-
neering research. its modification can fortify hyaluronan’s 
unique properties and opens a new fields for application this 
polysaccharide.

one of the most sensitive, progressive, and modern 
methods successfully used in investigation of polymer sur-
factant, is fluorescence spectroscopy. Widely used fluores-
cence probe method looks useful in our research; because of 
it contains additional information about investigated system 
– micellar properties, polarity, fluidity, dimensions.

We hope we are able to contribute with our results to 
clarification-complicated relations in this interesting system.

experimental
sodium hyaluronate and its derivatives (Fig. 1.) were 

obtained from CPn Ltd. (Dolní Dobrouč, Czech republic). 
Details on the synthesis of derivatives have been published 
elsewhere1. Hyaluronate was of the molecular weight around 
500 kg mol−1.

All derivatives have the molecular weight around 
500 kg mol−1, and their substitution degrees were in the range 
from 10 to 70 %. Substitution degree is defined as the ratio 
of the mol of substituents per mol of the disaccharide unit, 
e.g. sD 100 % means one alkyl chain per each disaccharide 
unit in the hyaluronate chain. All the molecular parameters 
were determined and provided by the producer. the molecu-
lar weights were determined by SeC-MALLS and the sub-
stitution degree is defined from the 1H nMr spectra1. the 
hyaluronate samples were dissolved in doubly distilled water 

to the concentration 5 g dm−3. this stock solution was sta-
bilized by addition of sodium azide (p.a., Lachema) in final 
concentration 10−3 mol dm−3.

the stock solution of pyrene (purchased from Fluka, 
GmbH; for fluorescence grade) was prepared in acetone. 
Probe stock solution was introduced into a vial and acetone 
was evaporated. the concentration of the probe in final sam-
ples was set to 5 × 10−6 mol dm−3. the stock solution of HA 
or hHA was introduced into the vial with the probe, diluted 
to the desired concentration, and the resulting solution was 
sonicated for 4 hours and stored during next 20 hours. the 
fluorescence emission spectra were monitored with a lumi-
niscence spectrophotometer (AMinCo-Bowman, Series 2) at 
293.15 ± 0.1 k. the excitation and emission slit widths were 
set to 4 nm, and the excitation wavelength was 335 nm. 

the experimental data, i.e. the pyrene i1/i3 ratio (y) 
dependency on concentration (x), were evaluated using non-
linear fitting with Boltzman’s curve containing four parame-
ters – the maximum (a), the minimum (b), the inflex point 
(x0), and the width of the step change (Δx) (equation 1).

the stock solution of acridine orange (Ao, purchased 
from sigma-Aldrich, Co.; hydrochloride hydrate) was prepa-
red in distilled water. Probe stock solution was introduced into 
after addition of HA or hHA stock solutions. the concentra-
tion of the probe in final samples was set to 5 × 10−6 mol dm−3. 
the resulting solution was simiraly treated as pyrene’s sam-
ples. the fluorescence emission spectra were monitored with 
a luminiscence spectrophotometer (AMinCo-Bowman, 
series 2) at 293.15 ± 0.1 k. the excitation and emission slit 
widths were set to 4 nm, and the excitation wavelength was 
492 nm.

Acridine orange is a much-studied member of a class of 
cationic dyes whose planar molecules aggregate in aqueous 
solution to cause concentration-dependent spectral changes 
(metachromasy).Y Direct evidence for the aggregation of 
Ao has been obtained from proton chemical shifts. the con-
centration dependence of changes in the visible absorption 
spectrum of dilute Ao solutions is consistent with dimeriza-
tion equilibrium. the emission spectrum of Ao in aqueous 

Fig. 1.	 schematic	structure	of	the	sodium	hyaluronate	(a)	and	
its	c10	alkyl-derivative	(b)

 (1)

Fig. 2.	 schematic	 structure	 of	 the	 pyrene	 (a)	 and	 protonated	
form	of	the	acridine	orange	(b)
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solution has a maximum at 532 nm. in the highest concent-
ration range a new weak emission band at 630 nm is occurs. 
this band is related to the forbidden H-type aggregate tran-
sition. Formation of aggregates (dimers) leads to the decrea-
sing o the fluorescence intensity.Z

results
P y r e n e  a n d  A o  i n  n a t i v e 
H y a l u r o n a n

existence of hydrophobic patch, resulted from secon-
dary structure of the hyaluronan molecule in aqueous solu-
tion, allow hyaluronan’s chains aggregate to form helical 
structures.X Dissociated carboxylic groups from the D-Glu-
curonic sub-unit in aqueous solutions make hyaluronan’s 
chain possible to interact via electrostatic interaction with a 
cationic species.

First measurements have been focused on possible aggre-
gation behavior of native hyaluronan in aqueous solution. 
Molecular weight 500 kg mol−1 was selected to investigate 
its concentration dependencies in the presence of pyrene and 
acridine orange. Fig. 3. shows obtained results. it is obvious 
that the polarity index, ranges only from 1.40 to 1.42 through 
a wide concentration range. value of the polarity index in this 
concentration range can be taken as constant and invariant 
on the hyaluronan concentration. so, from the hydrophobic 
polarity probe point of view no aggregation behavior was 
observed in these solutions and in this concentration range. 
Hyaluronan molecule is also known as extremely hydrophilic 
specie, thus it organizes water molecules around the chain 
resulted in water barrier. this barrier looks to be insuperable 
for the pyrene.

on the other hand, electrostatic interaction between Ao 
and hyaluronan gives interesting results. First decreasing of 
the Ao fluorescence can be ascribed to the Ao dimer forma-
tion on the HA chain. this dependency has two minimums. 
First, correspond to the equal point 1 mol of the Ao dimer 

per 1 mol of the Coo– group. second minimum corresponds 
to the range of the physiological concentration of the hyalu-
ronan. in concentration around 1 g dm−3 a polymer domain 
overlay is occurs. this phenomenon will take a part in next 
investigation.

P y r e n e  i n  A l k y l  M o d i f i e d 
H y a l u r o n a n

results with hydrophobized hyaluronans, obtained for 
D30/30 a 1,470/30, are presented in Fig. 4. For good lucidity, 
concentration values are plotted in dimension g dm−3. the 
CAC value for lower molecular weight looks to be lower than 
for higher molecular weight. After the conversion of the con-
centration dimension from “g dm−3” to “10–6 mol dm−3” the 
CAC value for 1.470 kg mol–1 (1.667 × 10–6 mol dm−3) is 25-
times smaller than for 30 kg mol–1 (0.068 10–6 mol dm−3). 

Aguiar and co-workers5 suggested a condition to select 
the CAC value from the pyrene polarity index. if the x0/Δx 
(cf. eq. (1)) is less than 10, the CAC point is determined by 
the x-coordinate of the inflex point x0. All of hyaluronan deri-
vatives used in this study passed this the “less than 10-con-
dition”.

Aggregate process of the modified hyaluronan was also 
studied through the electrostatic interaction with Ao. Aim 
of this study was find out if alkyl chains association has an 
image in processes, which can influence Stern bilayer around 
polyectrolyte’s surface.

Fig. 5. shows comparison of the pyrene polarity index 
and fluorescence intensity of the Ao dependencies on the 
concentration of the modified hyaluronan. Ao dependency 
shows after first decreasing an area with stable values of 
the fluorescence intensity. this plateau is followed with 
next decreasing of the fluorescence intensity. According to 
a prediction the decreasing of the Ao fluorescence is caused 
only by the dimer formation, in concentration range, starts 
near CAC point, the hyaluronan’s aggregate formation cause 

Fig. 3.  Dependencies of the pyrene polarity index and the fluo-
rescence	intensity	of	the	acridine	orange	on	the	concentration	of	
the	native	hyaluronan	in	aqueous	solution.	hyaluronan	molecu-
lar	weight	was	500	kg	mol–1

Fig. 4.	 Pyrene	 polarity	 index	 in	 hydrophobized	 hyaluronan	
aqueous	 solution.	derivatives	were	 in	 the	 same	degree	of	 sub-
stitution 30 % and in diffeent molecular weights, 1.470 (□) and 
30	kg	mol–1 (●)
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that newly added carboxylics group are inaccessible for Ao 
molecules. We predicted intermolecular formation process of 
these aggregate types.

conclusions
the hyaluronan alkyl derivatives, with different molecu-

lar weights and same degree of substitution, show surfactant-
like aggregation behavior in aqueous solutions. their critical 
aggregation concentration was comparable in dimensions 
g dm−3. Acridine orange can be used to determine aggrega-
tion process via electrostatic interaction with the modified 
hyaluronan. 

Aggregation properties of sodium hyaluronate (HA) in 
molecular weight 500 kg mol–1 were studied by fluorescence  

methods. interactions with hydrophobic fluorescence probe 
pyrene showed hydrophobically-modified analogues of 
sodium hyaluronate, as suitable systems for drug delivery 
applications. Properties of hydrophobic core were studied 
with polarity and viscosity fluorescence probes.

interaction with hydrophilic probe acridine orange can 
help to understand native hyaluronate’s self-aggregation 
behavior in aqueous environment. Depolymerization of dye-
aggregates, evidenced by fluorescence intensity, showed 
an abrupt change in physiological concentration region 
(~ 1 g dm−3). Acridine orange can be also used to determine 
aggregation process via electrostatic interaction with the 
modified hyaluronan.

We thank CPN Ltd Dolní Dobrouč (Czech Republic) for 
material and financial support. The research was supported 
also by the Ministry of Education of the Czech Republic, pro-
ject. No. MSM 00216305001.
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introduction
the formation of phenoxyl radicals is the predominating 

process occurring by the oxidation of monohydric phenols 
using different agents (Pbo2, Mno2, ro2

•). their stability 
substantially depends on the substitution in the ortho position. 
very high stability is the typical feature of the phenoxyl radi-
cals derived from 2,6-di-alkyl substituted phenols, especially 
those with bulky tert-butyl substituent (sterically hindered 
phenols). Monohydric phenols with 2,6 -dialkyl substituents 
containing α–CH bond, as well as phenols with unsubstituted 
or partially substituted ortho position (sterically unhindered 
phenols) provide by the oxidation the unstable phenoxyl 
radicals, which can be detected only using special ePr tech-
nique, e.g. flow1 or spin trapping method2. it was found that 
the addition of sterically unhindered phenoxyl radicals to aro-
matic nitroso spin-traps (nitrosobenzene, nitrosodurene) pro-
ceeds in the ortho position and leads to two different types of 
nitroxyl radicals (1).

O

R1

R2

R3

R4

.

NB

ND

N

O

OH R1

R2

R3R4

cyclization

N

O

O

R1

R2

R3

R4

N

O

OH R1

R2

R3R4  

(1)

Although the generation of phenoxyl radicals, resul-
ting from the abstraction of phenolic hydrogen atom plays 
an important role during the oxidation, the tendency towards 
the abstraction of hydrogen atom from methyl group in para 
methyl substituted phenols was also observed. the benzyl 
radicals formed were detected by spin-trapping technique 
using nitroso spin-traps2,3. the recombination products of 
benzyl radicals proved by the analysis of reaction mixture of 
oxidized 2,6-di-tert-butyl-4-methylphenol also support this 
mechanism, although there are also another theories interpre-
ting their formation. to understand the specific behavior of 
para methyl group in substituted phenols in more detail, the 
oxidation of the series of phenols having this structure was 
investigated using spin-trapping method.

experimental
All chemicals (phenols, nitroso compounds, tert.-butyl-

hydroperoxide, Pbo2) were commercially available and were 

used without further purification. toluene of analytical grade 
purity (sigma) was used as the solvent in all experiments. 

the oxidation of phenols in the presence of nitroso com-
pounds was performed according to the following procedure: 
in 5 × 10–2M toluene solution of the phenol the corresponding 
amount of nitroso compounds was dissolved, to adjust the 
molar ratio phenol : nitroso compound = 1 : 1. to 2 ml of this 
solution 150 mg Pbo2 were added under stirring. the stirring 
was regularly stopped in 30 min. interval and after the sedi-
mentation of solid phase 0.3 ml of the reaction mixture were 
placed into the ePr tube. to obtain the high quality ePr 
spectra, the solution in the tube was bubbled with nitrogen 
for 30 sec.

results
Hydrogen abstraction from para-methyl group was 

investigated within the series of different substituted phe-
nols 1	–	2	in the presence of substituted nitroso compounds 
3a	– 3c.

the oxidation of 1a (r1 = r2 = tert.butyl) in the pre-
sence of nitrosobenzene (nB, 3a) affords the mixture of 
radical products, where the corresponding phenoxyl radicals 
4	 (aH(CH3) = 1.094 mt, aH(m) = 0.155 mt) together with 
benzyl radicals 5,	 indirectly detected through the adducts 
6 (X = C6H5; an(no) = 1.049 mt, aH(CH2) = 0.565 mt, 
aH(o,p) = 0.273 mt, aH(m) = 0.092 mt)) prevail (2).

oH

CH3

R1 R2
Pbo2

o

CH3

R1 R2

oH

CH2

R1 R2

1

4

5

 

(2)

ePr parameters of 6 are similar to those observed by 
spin trapping of 5 with 3,5-di-tert.butyl-nitrosobenzene3. 

 1a–1b	 2a–2e	 3a–3b
	 a: r1 = r2 = a: r1 = r2 = a: r1 = r2 = r3 = r4
 t-C4H9 r3 = H  = r5 = H
	 b: r1 = r2 = b: r2 = r3 = H; b: r2 = r3 = r4 = r5
 CH3 r1 = CH3 = H; r1 = CH3
  c: r1 = r3 = H;
  r2 = CH3
  d: r2 = r3 = H;
  r2 = t-C4H9
  e: r1 = H; r2 =
  r3 = CH3 3c
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the concentration ratio between these two radicals depends  
on the experimental conditions and by the surplus of phenol 
over spin trap the pure ePr spectrum of the benzyl adduct 

can be observed (Fig. 1.).
nevertheless, it was found that further changes in ePr 

spectra occur with time. one hour after the preparation of 
the sample the spectrum outlined in Fig. 1.b was detected. 
the g-value (g ≈ 2.0045) points out that the secondary phe-
noxyl radicals are formed in the consecutive steps of the 
oxidation. this statement is also supported by the splitting 
constant of two protons (aH = 0.15 mt), which is the typical 
value of meta protons in phenoxyls. other dominating split-
ting constants proved by the simulation of the experimental 
ePr spectra were attributed to one hydrogen and one nitro-
gen atom (table i). Based on these experimental facts it is 
evident that the secondary phenoxyl radicals result from the 

transformation of the benzyl adduct (3).

Moreover, the number of interacting nuclei suggests that 
the para position in secondary phenoxyls has the structure of 
the nitrone fragment – CH = n+o– – C6H5, which originates 
from the conversion of the nitroxyl moiety – CH2 – no• – C6H5. 
this implies that the nitrone 7	(X	=	C6H5) is the intermediate 
product, which is consequently oxidized to phenoxyl radi-
cal 8 (Fig. 2.). in the framework of further experiments the 
number of nitroso compounds was expanded. Besides nitro-

sobenzene other substituted derivatives X – no (3b, 3c) were 
studied. the analysis of ePr spectra proves that the above 
mentioned reaction route is valid, except for 3c, in all cases 
under study.

on the other side, neither the adduct 6 nor the phenoxyl 
radical 8 was observed using 2-methyl-2-nitrosopropane 3c	
(X = tert.-C4H9). instead of them, only the nitroxyl radical 
X – no – X (an(no) = 1.555 mt) was detected, as a product 
of the decomposition of tert.-C4H9 – no on the surface of 
Pbo2. this fact is surprising, because the ePr parameters of 
the phenoxyl radical 8 (X = tert.-C4H9, table i) produced by 
the oxidation of the nitrone 7 (prepared by reaction of 3,5-
di-tert-butyl-4-hydroxybenzaldehyde with N-tert-butyl-hyd-
roxylamine) using benzoyloxy radicals, are reported in the 

literature4.
the experimental results obtained by Pbo2 oxidation of 

the sterically hindered 2,6-di-tert-butyl-4-methylphenol (1a) 
in toluene solution in the presence of different nitroso com-
pounds X – no initiated further investigation in this field. 
the tendency towards the liberation of one hydrogen atom 
from para methyl group was studied also with the methylated 
phenol (1b) and mono-, di- and tri- alkyl substituted phenols 
2a–2e. When 2,4,6-trimethylphenol (1b) was subjected to 
the oxidation, immediately after the addition of Pbo2 to the 
toluene solution of 1b and nitrosobenzene the high concent-
ration of benzyl adduct 6 (r1 = r2 = CH3) was observed. its 
ePr signal is stable for more then 24 hours without being 
overlapped by the signal of another radical. this fact seemin-
gly points out that the suggested reaction route for 1a	 (1), 
based on the conversion of benzyl adduct to nitrone 7 and 
consecutively to phenoxyl radical 8, is not valid in this case. 
However, this effect can also be satisfactorily interpreted as 
a result of a substantially lower stability of 2,6-dimethyl-4r 
phenoxyl radicals in comparison with those derived from 
2,6-di-tert.butyl-4r- phenols. the presence of nitrone 7	
(r1 = r2 = CH3) in reaction mixture was directly proved by 
the experiment, where tert.butylhydroperoxide was added 
to the reaction mixture 24 hours after the preparation of the 
adduct 6. the high concentration of nitroxyl radical 9 with the 

Fig. 1.	 experimental	ePr	spectra	of	nitroxyl	radical	6	prepa-
red	from	2,6-di-tert-butyl-4-methylphenol	1a

Fig. 2.	 experimental	ePr	spectra	of	phenoxyl	radical	8	prepa-
red	from	2,6-di-tert-butyl-4-methylphenol	1a

 (3)

table i
ePr parameters of phenoxyl radicals 8 prepared by the oxi-
dation of 2,6-di-tert-butyl-4-methylphenol 1a with Pbo2 
in toluene solution in the presence of nitroso compounds  
(3a–3c)

 X aH(3.5) aH(CH) a(n) a(X)
  [mt] [mt] [mt] [mt]
 
  0.150 0.290 0.510 0.090 (3H)
 
  0.150 0.280 0.490 –
 
  0.170 (1H) 0.260 0.505 –
  0.150 (1H)
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splitting constants (an(no) = 1.049 mt, aH(CH) = 0.175 mt, 
aH(o,p) = 0.273 mt, aH(m) = 0.092 mt) was observed in this 

case.
the ePr parameters well agree with the published data 

for ro2
• adducts with phenyl-N-phenyl nitrone5. the ePr 

signal undergoes further changes with time, which presumes 
the succesive degradation of hydrogen atom in nitrone frag-
ment by peroxyl radicals.

similarly as with 1a,	the simultaneous generation of cor-
responding phenoxyl and benzyl radicals is also expected in 
the course of the oxidation of sterically unhindered phenols 
2a–2e	using Pbo2. in contrast to 1a, the primary phenoxyl 
radical cannot be directly detected by ePr method due to 
their unstability. nevertheless, by the application of spin 
trapping technique, they can be observed in the form of spin 
adducts. Due to the tendency towards the abstraction of hyd-
rogen atom from para methyl substituent, the benzyl radicals 

also react with nitroso spin traps and the generated adducts 
mostly dominate in the ePr spectrum. these ePr parame-
ters do not substantialy differ from those observed in the case 
of 1a,	1b.

This work was supported by the Ministry of Educa-
tion of the Czech Republic under research project MSM 
0021630501.
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introduction
Most of our knowledge of the electronic structure of 

atoms has been obtained by the study of the light given out 
by atoms when they are exited. the light that is emitted 
by atoms of given substance can be refracted or diffracted 
into a distinctive pattern of lines of certain frequencies and 
create the line spectrum of the atom. the careful study of 
line spectra began about 1880. the regularity is evident in 
the spectrum of the hydrogen atom. the interpretation of the 
spectrum of hydrogen was not achieved until 1913. in that 
year the Danish physicist niels Bohr successfully applied the 
quantum theory to this problem and created a model of hyd-
rogen. Bohr also discovered a method of calculation of the 
energy of the stationary states of the hydrogen atom, with use 
of Planck’s constant h. Later in 1923 it was recognized that 
Bohr’s formulation of the theory of the electronic structure 
of atoms to be improved and extended. the Bohr theory did 
not give correct values for the energy levels of helium atom 
or the hydrogen molecule-ion, H2

+, or of any other atom with 
more than one electron or any molecule. During the two-year 
period 1924 to 1926 the Bohr description of electron orbits 
in atoms was replaced by the greatly improved description 
of wave mechanics, which is still in use and seems to be 
satisfactory1. 

the discovery1 by de Broglie in 1924 that an electron 
moving with velocity v has a wavelength λ = h/mev. the 
theory of quantum mechanics was developed in 1925 by the 

German physicist Werner Heisenberg. An equivalent theory, 
called wave mechanics, was independently developed early 
in 1926 by Austrian physicist ervin Schroedinger. important 
contribution to the theory were also made by the english phys-
icist Paul Adrien Maurice Dirac. the most probable distance 
of the electron from the nucleus is thus just the Bohr radius 
ro; the electron is, however, not restricted to this distance. the 
electron is not to be thought of as going around the nucleus, 
but rather as going in and out, in varying directions, so as to 
make the electron distribution spherically symmetrical1..

this paper is an attempt to attain a new and profound 
model of the nature’s structure using vortex, fractal and 
ring structures. scientists try to explain some phenomena in 
nature that have not been explained so far. the aim of this 
paper is the vortex-fractal modeling of vortex-ring fractal 
structure of atoms, molecules, and a creation of elements 
in the Mendeleev’s periodic table with vortex-ring particles 
which is not in contradiction to the known laws of nature.

electron	with	vortex-fractal-ring	structure
the discovery of the electron was a landmark in phys-

ics and led to great technological advances. the electron 
emission is the process when negative charges in the form of 
electron, escape for example from the hot filament. Streams 
of electrons moving at high speed are called cathode rays or 
electron rays. the rays are deflected by a magnetic field too. 
if the n pole of a magnet is brought up to the neck of the tube, 
the rays move upwards, using Fleming’s left-hand rule. the 
ratio of the charge q of an electron e to its mass me is called its 
specific charge and can be found from experiments in which 
cathode rays are deflected by electric and magnetic fields. it 
was first done by J. J. thomson in 1897 using a deflection-
type tube. His work is regarded as proving the existence of 
the electron as a negatively charged particle of very small 
mass and not, as some scientists thought a form of electro-
magnetic radiation like light.

electron is defined as a fundamental particle of mat-
ter, with negative electric charge, which populates the outer 
region of atoms.

the electrical force decreases inversely with the square 
of distance between charges. this relationship is called 
Coulomb’s law. there are two kinds of “matter”, which we 
can call positive and negative. Like kinds repel each other, 
while unlike kinds attract – unlike gravity, where only attrac-
tion occurs2. When charges are moving the electrical for-
ces depend also on the motion of charges in a complicated 
way2,3,4.

Fractals seem to be very powerful in describing natural 
objects on all scales. Fractal dimensions and fractal measu-
res are crucial parameters for such description. Many natural 
objects have self-similarity or partial-self-similarity of the 
whole object and its part5.

the structure of the electron in Fig. 1 presents the 
electron as “pure” ring fractal structure. electrons 0e (or e) in 
the electron ray 0r hold together by photon’s vortex structure 
0f (a pair of vortices).6–20 Generally, in the fractal structure of 

Fig. 1.	 the	vortex-fractal	structure	of	the	electron	ray	with	two	
electrons19
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the electron, the number n defines the level of substructure ne. 
the name osmeron we derived from the name “osmera” of 
egyptian deity with 4 pairs of gods as primary creative forces 
(from a chaos beginning). osmerons are too small that is why 
have unmeasurable size and mass. osmerons on osmeron’s 
trajectory creates an osmeron ray.

We know that the apparent mass of a particle changes 
by 1/√(1 – v2/ c2). Does its charge do something similar? no 
charges are always the same, moving or not4. if the charge 
of a particle depended on the speed of the particle carrying 
it, in the heated block the charge of the electrons and pro-
tons would no longer balance. A block would become char-
ged when heated. if the charge on an electron charged with 
speed, the net charge in piece of material would be charged in 
a chemical reaction. even a very small dependence of charge 
on speed would give enormous fields from the simplest che-
mical reactions. no such effect has been observed3,4, and 
we conclude that the electric charge of a single particle is 
independent of its state of motion. 

For a calculation9,23 of the fractal-ring electron structure 
we will use the structure that is shown in Fig. 1. and Fig. 2. 
in the ring electron structure (see Fig. 2.) the subelectrons 
eo rotate with a velocity ve and subsubelectrons e1 with a 
velocity vo. the radius of the electron is Re and a radius of 
axes of subelectrons eo is re. A rough estimation of number 
of subrings is N and number of subsubring is N2. they are 
determined in the electron structure by the mass mp of the 
proton structure17.

Let us calculate properties of the electron with a vortex-
fractal theory6–20. this requires that subelectrons are accele-
rated towards the center of the electron ring. the amount of 
the acceleration force Fa has to be in balance with two cou-
lomb forces Fo. A whole force of attraction FA can be calcu-
lated by Ampere’s law:

Fa = FA (2.1)

the fundamental physical law for an acceleration force 
Fa for mass m with velocity v and distance r is :

2

a

vF m
r

≈
 

(2.2)

the mass moe of the subelectron eo for the fractal 
structure of the electron is:

e
o e

mm
N

=
 

(2.3)

where n is number of subelectrons. to cover creation of the 
proton structure and the electron structure from the same very 
small rings (N2 subsubelectrons e1)

17,22:

42 2 3 7p

e

m
N

m
= ≈ = ⋅ ⋅

 
(2.4)

where mp is the mass of the proton and me is the mass of the 
electron. From the fractal structure of the electron on Fig.2:

the average value of forces Fao for N/2 subelectrons is 
on Fig.3. their average value 2/π was calculated following 
way:

the fundamental physical law for attraction force FA 
(Amper’s law) between two wires with a current I, a length l, 
a distance d, and a permeability µo of vacuum:

electric charges q1 in the subring e1 create the current I: 

1dQ q NI
dt T

= =
 

(2.9)
Fig. 2.	 the	fractal-ring	structure	of	the	electron17

 (2.5)

 (2.6)

 (2.7)

Fig. 3.	 average	value	of	the	acceleration	force	fao

 (2.8)

 (2.10)
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1 2

eq
N

=
 

(2.11)

equation (2.12) and (2.13) we use in (2.8):

From (2.5) and (2.14):

and the radius re of the electron (in Fig. 2) is :

if velocities of rings and subrings are:

o ev v c= ≈  (2.17)

then

We can now calculate the size of the electron with the 
fractal geometry on Fig. 4. Full calculation is in reference17,19. 
But it is only for the free and quite electron. the size of the 
electron in the hydrogen atom is not constant19 (see Fig. 8.).

energy Eo of the quite electron 0e, which has velocity 
v=0 and quite mass meo, can be calculated17 from kinetic 
energy of their subelectrons –1e with velocity v–1 (ve), sub-
subelectrons –2e with velocity v–2 (vo), subsubsubelectrons 
–3e with velocity v–3, subsubsubsubelectrons –4e with  
velocity v–4:

if velocities of substructures are:

0ev v= = ,

3 2o

cv v−= ≈ ,
 

(2.19)

4v c− ≈ ,  

their inner kinetic energy is: 

0 0 02 2 2 3 2 4 2
3 4 02 3 4

1 1 1
2 2 2

e e e
o o e

m m m
E v N v N v N m c

N N N− −= + + ≈
  
(2.20)

2
0o eE m c≈

 (2.21)

this result is in coincidence with the well-known ein-
stein equation (2.21).

the	model	of	hydrogen	with	levitating	electron
the hydrogen atom can have the electron on left side 

or on right side (see Fig. 9.a, 9.b), thus the difference in 
exponents must be 2 then exp = 4. the attractive force F+ 
is Coulomb’s force. A distance between the electron an the 
proton is r :

For Bohr distance 115.29 10 mB or r −= ≈ × 18 is the resul-
ting force F = 0.

A = r0
2 (3.2)

 (2.12)

 (2.13)

 (2.14)

 (2.15)

 (2.16)

 (2.18)

Fig. 4.	 geometry	of	the	electron	and	the	subelectron16

Fig. 5.  The levitating electron in the field of the proton18

 (3.1)

 (3.3)
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Let us use equation (3.3) as a postulate for next calcu-
lations. to find the distance where F has maximum (see 
Fig. 3.):

for ro :

it is line ko in Fig. 6

and solution is 1, 2 2 or r= ±  for Fmax. energy E of the electron 
in the distance r:

the graph of E is on Fig. 7. energy Eo which must be 
added to the electron to be free:

For eo = 0

113.05 10 m
3
o

Eo

rr −= ± ≈ ± ×
 

(3.9)

For ro is Eo:

We can calculate frequency fo and period To of oscil-
lation of the electron in the hydrogen atom around ro if we 
insert Ko defined in equation (3.5) into (3.12):

151 1.075 10 so
o

T
f

−= ≈ ×
 

(3.13)

to calculate quantum model of hydrogen we use radius 
re (2.16):

We assume that19:

subelectrons are on the orbit with the radius re. on this 
circle have to be n half-waves λ/2=h/2mev (n is quantum 
number):

where ev  ( 1v− ) is mean velocity of the subelectron –1e .
kinetic energy19 of the electron with mean velocity v is 

transformed into kinetic energy of subelectrons in 4 substruk-
tures (ve,v–2,v–3,v–4):

2 21 1 1
2 4 2e e em v m v=

 
(3.19)

where vm is a maximum velocity of the electron, when the 
electron has the distance ro and has minimum energy Emin:

For quantum number n = 1

 (3.4)

 (3.5)

 (3.6)

 (3.7)

 (3.8)

(3.10)

 (3.11)

 (3.12)

 (3.14)

 (3.15)

 (3.16)

 (3.17)

 (3.18)

 (3.20)

 (3.21)

 (3.22)

 (3.23)

 (3.24)

 (3.25)

 (3.26)

 (3.27)

 (3.28)



Chem. Listy, 102, s265–s1311 (2008) Physical & Applied Chemistry

s1106

it is the same result as Bohr obtained but with quite dif-
ferent hydrogen model1.

to find the size of r where Eo = 13.6ev = Eqo in (3.24) 
and (2.25) we must solve cubic equation:

3r3 – 6r2r0 + 2r0
3 = 0 (3.29)

the roots of equation (3.29) are:
r1 = 0.7223517245ro ~ 0.382Å, 
r2 = 1.792517214ro ~ 0.948Å, r3 = –0.5148689384 ro
the values of r1 and r2 are the distances where the 

electron has velocity v = 0 (see Fig. 7.).

For quantum number n = 1 we calculate the maximum 
velocity vm from (3.22) and the couple constant α:

in the hydrogen molecule H2 the covalent bond has 
ne = 2, np = 1 (see Fig. 9):

113.75 10 m
2
o

c

rr −= ± ≈ ± ×
 

(3.35)

112 7.5 10 mc p cd r −= ≈ ×  
(3.36)

it is in coincidence with the distance between two pro-
tons for their covalent bond1.

For the hydrogen molecule-ion H2
+ is ne = 1, np = 1 

then dp+ (see Fig. 9.):
112 10.6 10 mp od r −

+ = ≈ ×
 

(3.37)

to calculate the size of the proton structure we use 
fractal-coil geometry17 (see Fig. 7.). results are on Fig. 9. 

the	spin	of	the	electron
the spin of the electron is defined as angular momen-

tum:

( )e e eS m r v= ×


 

 (4.1)

For the spin19 on axis z:

e
z e e

mS N r v
N

=
 

(4.2)

 (3.30)

 (3.31)

 (3.32)

Fig. 6.	 forces	in	the	hydrogen	atom

 (3.33)

 (3.34)

Fig. 7.	 vortex-fractal-coil	structure	of	the	proton18

 (4.3)

 (4.4)

 (4.5)

 (4.6)
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1
2sm = ±

 
(4.8)

the result in (4.7) is in coincidence with the generally 
equation for the spin, where ms is spin quantum number.

Magnetic momentum Mz:

zM IS=  (4.9)

where I is an current around a surface S:

where T is period for calculation of I:

where μB is Bohr magneton.

the	size	of	the	electron	in	hydrogen	atoms
For maximum velocity of the electron vem we use ana-

logy with (3.19):

2
m

em

vv = ±
 

(5.1)

if we insert vm from (3.31) into (4.3) and (5.1) we rece-
ive the maximum radius of the electron:

For minimum radius of the electron where v=0 :

the levitating electron changes the size from very small 
to relatively large size19 (see Fig. 8.).

the	structure	of	molecules
Atoms combine to form a molecule. their shared air of 

electrons is called a covalent bond. they occupy the same 
orbital with opposite spins. the H2 molecule atoms H share 
electrons. each hydrogen atom shares its electron with another 
hydrogen atom to gain a full outer s shell of 2 electrons. 
Covalent bonding is important in carbon compounds. 

there are two simple rules how to create atom nuclei:
(i) only two protons can be on one rotational axis
(ii) two protons cannot be connected directly with vor-

tex nuclear bond (only the proton with the neutron can be 
nuclear bond)

Fig. 8.	 calculated	 size	 of	 the	 electron	 and	 the	 proton	 in	 the	
hydrogen	atom	(in	different	scales)

 (4.7)

 (4.10)

 (4.11)

 (4.12)

 (4.13)

Fig. 9.	 calculated	 distances	 between	 the	 proton	 and	 the	
electron.	 a)	 left	 side	 orientation	 of	 hydrogen,	 b)	 right	 side	
orientation	 of	 hydrogen,	 c)	 the	 hydrogen	 molecule-ion	 h2

+,		
d)	the	hydrogen	molecule	h2	with	covalent	bond

 (5.2)

 (5.3)

 (5.4)

Fig. 10.	 the	vortex-ring	structure	of	the	nucleus	of	the	helium	

2
4he	(alpha	particle)	and	its	orbital	1s
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conclusions
our science creates terrific demands on the imagination2. 

to understand the electromagnetic field requires a high degree 
of imagination. the degree of imagination that is required is 
much more extreme than that required for some of the ancient 
ideas. the modern ideas are much harder to imagine. We usu-
ally use mathematical equations and rules, but we used a lot 
of pictures to describe very complex vortex-fractal models. 
there is not easy to formulate mathematical models21,23. We 
can’t allow ourselves to seriously imagine things, which are 
obviously in contradiction to the known laws of nature. We 
created vortex-fractal-ring model of the electron, of the pro-
ton and hydrogen and then calculated sizes, forces, energies 
and covalent bonds.

This work has been supported by the Czech Grant 
Agency; Grant No: MSM 21630529.
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introduction
During the last decades, significant advances have been 

made in the development of biocompatible and biodegradable 
materials for biomedical applications. one of an appropriate 
material seems to be hyaluronic acid also known as hyaluro-
nan (HYA). it is a naturally occurring biopolymer, which ser-
ves important biological functions in bacteria and higher ani-
mals including humans. Hyaluronan is water soluble giving 
viscoelastic fluids1 and it has a considerably greater ability to 
trap water than other polyelectrolyte polysaccharides.

Hyaluronan is a linear unbranched, high molecular 
weight, polar polysaccharide of the glycosaminoglycans 
class. Hyaluronan is composed of repeating polyanionic 
disaccharide units which consists of n-acetyl-D-glucosea-
mine and D-glucuronic acid linked by a β 1-4 glycosidic 
bond. the disaccharides are linked by β 1–3 bonds to form 
hyaluronan chains (Fig. 1.)2.

the structure of water surrounding hyaluronan in the 
solution is affected by the the interactions between polymer 
and water, and thus, it exhibits different physical properties 
depending on their mutual distance. the aim of this work is 
to recognize and enumerate such hydration shells by diffe-
rential scanning calorimetry (DsC), i.e. to use their different 
enthalpies of melting.

experimental
s a m p l e s

Hyaluronan, isolated from streptococcus zooepide-
micus, was obtained from CPn Company (Dolní Dobrouč, 
Czech republic). Five molecular weight of hyaluronan were 
used as follows: 100.1 kDa, 253.9 kDa, 522.1 kDa, 740 kDa 
and 1,390 kDa. By means of thermogravimetry (tA instru-
ments, Q5000ir) it was determined an equilibrium moisture 
content to obtain more precise results. 

low	water	content
Hyaluronan was placed in an aluminum pan. excess 

of water was added to hyaluronan samples. surplus water 

was allowed to evaporate slowly until the desired water 
content was obtained at room temperature. the pans were 
subsequently hermetically sealed and left to equilibrate at 
room temperature overnight. Water content (Wc) was defined 
as follows: 

grams of water (g/g)
grams of dry samplecW =

 
(1)

For each molecular fraction, 7 different Wc were mea-
sured.

high	water	content
Hyaluronan samples were dissolved in milli-Q water. 

the hyaluronan concentrations was 0.1 %, 0.5 %, 1 %, 
1.5 %, 2 %, 2.5 %, 3 % wt. the solutions were slowly mixed 
by a magnetic laboratory stirrer over a period of 24 hours 
to obtain perfectly dissolved and homogeneous hyaluronan 
sample. 

dsc	measurement
Differential scanning calorimetry was performed using 

the tA instruments DsC Q200, equipped with a cooling 
accessory, and tA Universal Analysis 2000 software. sam-
ples of approximately 10 mg were placed in hermetically sea-
led aluminum sample pans. High water content samples were 
measured immediately, to avoid condensation of water on the 
pan lid, which can occur if the sealed samples are stored in the 
cold before use. Low water content samples were measured 
the next day after the preparation. the thermal protocols used 
were as follows: equilibrate at 40.0 °C; isothermal at 40.0 °C 
for 2 min; cooling from 40.0 °C to –90.0 °C at 3.0 °C min–1; 
isothermal at –90.0 °C for 2.0 min; heating from –90.0 °C to 
30 °C at 3.0 °C min–1.

results
LWC – Low Water Content

representative DsC cooling and heating curves of hya-
luronan are given in Fig. 2. the sample shown is 253 kDa 
hyaluronan with Wc 0.75. Hyaluronan hydrogels with the 
lowest Wc showed almost infinitesimal fusion endothermic 
peak on heating curves. nearly all water molecules are pre-
sent in the form of non-freezing water in this system, and a 
slight amount of water molecules are present in the form of 
freezing-bound water which caused the observed endother-
mic fusion peaks. For the increasing Wc can be seen a small 
crystallization exothermic peak, which growth wtih the incre-
asing Wc, on cooling curve, and consequently, on the hea-
ting curve presence of overlapped endothermic fusion peaks. 
enlarged peak area is caused by larger amount of freezing 
and freezing-bound water. the DsC data records for higher 
Wc look like previous DsC records plus an increasing ten-
dency as mentioned above.

From the obtained data it can be considered that there 
are tree types of water which are ‘free (bulk) water’ which 
freezes as normal water it means that this water melts, crys-
tallized around 0 °C and enthalpy of fusion is 333.56 J g–1. 
only the free water contributes to the observed enthalpy 
change. Further ‘freezing-bound water’ (f-b) which freezes at 

fig.	1.	 the	formula	of	disaccharide	unit	of	hyaluronan
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lower temperature than normal water but it freezes and it also 
exhibits a reduced enthalpy of fusion. Finally ‘non-freezing 
water’ (n-f) which does not freeze even at low temperature 
which was used in this work, i.e. –90 °C. 

Assuming that the weight of free water is equal to the 
total water weight less the non-freezing water and freezing 
bound water, the following expression holds:

free water free water f b water f b waterobs

HYA free water HYA f b water HYAg g g g g 
H g H gH ∆ ∆   ∆

= +   
     

(2)

expressing the weight of free water in terms of totalwater, 
freezing-bound water, and non-freezing water, one can ob-
tain:

+






∆
=

∆

HYA

watertotal

 waterfree

waterfree

HYA

obs

 ggg
gHH

f b water free water f b water free water n f water

f b water free water HYA free water HYAg g g g g 
H H g H g ∆ ∆ ∆   

+ − −           

(3)

the total amount of non-freezing water in hyaluronan 
hydrogels was determined directly from the X intercept. 
table i reports the dependency of non-freezing water con-
tent to the molecular weight of hyaluronan reveals, although 
small, but evident trend of increasing number of non-freezing 
water with increasing molecular weight of hyaluronan. We 
hypothesize that large content of water in case of 1,390 kDa 
sample is caused by the tertiary structure of hyaluronan and by 
the mutual approaching of its chains to the closer proximity. 

H i g h  W a t e r  C o n t e n t
Fig. 3 shows record of a representative DsC cooling 

and heating curve for hyaluronan dissolved in water. in fact, 
there can be seen two phase transitions, first one in the above 
record which corresponds to the cooling phase and bellow 
one, which reflect processes of melting. Due to supercooling 
effect, the latter was used for enthalpy determination.

After the plotting the observed enthalpy change, norma-
lized to the polymer weight, as a function of the total water 
content of the sample (Fig. 4.), the melting enthalpy for the 
free water can be obtained from the slope. the x-intercept 
in (3) includes terms for both the freezing-bound water and 
the non-freezing water. now one can estimate the minimum 
amount of freezing-bound water per gram of hyaluronan in 
diluted and semi-diluted solutions by combination of data 
obtained in this part, high water content, with the data analy-
sis from the part concerning the determination of low water 
content (see table i).

the content of non-freezing water was adopted from 
the table reporting the low water content for specific hyalu-
ronan molecular weight (table i). the minimum value for 
the enthalpy change associated with melting of the freezing-
bound water was used 312 J g–1 ref.3. the determination of 
freezing-bound water can be carried out as follows4: x-inter-

Fig. 2.	 high	water	content	–	dsc	record

table i
Weight of n-f water for different MW

 MW [kDa] n-f water [g 1g–1 HYA]
 100.1 0.59
 253.9 0.58
 522.1 0.65
 740.0 0.57
 1,390 0.81

Fig. 3.	 high	water	content	–	dsc	record

Fig. 4.	 normalized	melting	enthalpy	versus	wc
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cept of dependency of normalized enthalpy change on water 
content (Fig. 4.). this dependecy gives a value which is equal 
to the following formula. 

n f water f b water f b waterfree water

HYA f b water free water HYA

g
1

g g g 
g H g

H
 ∆  

+ −   ∆   
 (4)

obtained values of freezing-bound water, summarized 
in table ii exhibit no obvious dependency. For the first three 
value (100.1 kDa; 253.9 kDa; 522.1 kDa), there is decrease 
but for the next two values (740.0 kDa; 1,390 kDa) there is 
increase of the values.

conclusions
Semi-diluted hyaluronan solutions have significantly al-

tered freezing and melting transitions of water. the results are af-
fected by the presence of freezing-bound and of a small amount 
of non-freezing water strongly bound to the polymer. those have 
slightly altered thermodynamic properties which were used for 
the enumeration of such types of water.

This work has been financially supported by project 
MSM 0021630501; MSMT OC08004 and CPN, s.r.o.
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table ii
Weight of f-b water for different MW

 MW [kDa] f-b water [g 1g–1 HYA]
 100.1 38.7
 253.9 38.2
 522.1 29.2
 740.0 70.7
 1,390 76.9
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introduction
the concept of pharmacological interventions in pre-

vention and therapy of oxidative stress-related diseases has 
still not found adequate application in clinical practice. one 
of the potential drugs intensively investigated in this area is 
the synthetic pyridoindole stobadine. numerous studies in the 
literature were focused on its protective properties1. its bene-
ficial effects have been observed in metabolic, cardiovascu-
lar, renal, neural and hepatic systems2. However, only few 
reports deal with the electrochemical oxidation of stobadine 
and its derivatives3. recently new indole-derived neuropro-
tective drugs with improved pharmacodynamic and toxicity 
profiles were synthesized based on the stobadine structure4. 

in this contribution a comprehensive study of the electro-
chemical, antioxidant and radical scavenging properties of 
selected indole-derived drugs (Fig. 1.) is presented. the data 
from three independent methods are compared including (i) 
cyclic voltammetry in DMSo and aqueous solutions, (ii) ePr/
spin-trapping study covering the estimation of reactive radi-
cal scavenging capacity and (iii) estimation of trolox equiva-
lent antioxidant capacity (teAC) by monitoring of ABtS•+ 
cation radical and DPPH radical with uv-viS spectroscopy, 
delivering information about the hydrogen/electron donating 
antioxidant action.

experimental
stobadine dihydrochloride and new stobadine deriva-

tives SMe1eC2.HCl, SM1M3eC2.HCl, and SMe1nBuoC2.

HCl were prepared in the institute of experimental Pharma-
cology, slovak Academy of sciences. the analytical purity 
grade naCl was from slavus Ltd. and 5,5-dimethyl-1-pyrr-
oline-N-oxide (DMPo) was the product of Sigma-Aldrich. 
tetrabutylammonium perchlorate (tBAP), lithium perchlo-
rate (LiClo4) puriss., both purchased from Fluka and ferro-
cene (p.a., ≥ 98.0 %), dimethyl sulfoxide (DMSo) purchased 
from Merck were used as received. the deionized water was 
used for aqueous solutions.

All cyclovoltammetric experiments were performed 
at room temperature under argon atmosphere. A standard 
three-electrode arrangement of a platinum wire (in DMSo) 
or glassy carbon rod (in water) as working electrodes,  
a platinum coil as counter electrode, and a saturated calomel 
electrode (SCe) as a reference electrode was used. the con-
centration of investigated samples was 0.5 mM in water and 
1.0 mM in DMSo. the electrochemical measurements were 
carried out with a HekA PG 284 (Germany) potentiostat/gal-
vanostat using the software package PotPulse 8.53. 

standard ABts assay was used for determination of 
antioxidant capacity of samples. Here, 100 µl of 0.1 mM 
sample solution in 10% ethanol was added to 2 ml of ABts•+ 
(70 µM) solution in 1 cm uv-cell and rigorously mixed. 
the decrease of absorbance at 730 nm was followed for 10 
minutes. uv/viS/nir Shimadzu 3600 spectrometer (Japan) 
was used both in antioxidant tests and for the measurement 
of the uv-viS spectra of samples (Fig. 2.). the difference  
in the absorbance in 10th minute relative to the reference, ∆A,  
and the calibration curve of trolox (Sigma-Aldrich, Ger-
many) was used to calculate the values of teAC. 

Antioxidant activity determination using the free DPPH 
radical (95%, Aldrich, Germany) was similar to the ABtS 
assay. 200 µl of 0.1mM sample solution in 10% ethanol was 
mixed with 2 ml of 0.1mM DPPH in ethanol and decrease of 
absorbance at 516 nm was followed for 10 minutes. 

in ePr experiments the thermal decomposition of 
k2s2o8 at 333 k was used as a source of reactive radicals. Fig. 1.	 investigated	indole-derived	drugs

Fig. 2.	 uv-vis	 spectra	 of	 freshly	 prepared	 0.15	m	 nacl	
aqueous	solutions	of	investigated	pyridoindoles	(0.5	mm)
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the amount of generated radicals was monitored in air 
employing DMPo spin trap. 200 µl 0.5mM sample aqueous 
solutions, 25 µl 200mM DMPo in DMSo and 25 μl 10mM 
k2s2o8 in H2o were used in the reaction mixture.

results
remarkable differences in redox behavior of stobadine 

derivatives were observed by replacing the DMSo repre-
senting a low proton donating solvent, with highly proton 
donating aqueous media (see Figs. 3. and 4.). Generally, in 
DMSo solutions complex irreversible redox behavior in the 
anodic part was observed (Fig. 3.). rich cyclovoltammetric 
responses with several oxidation peaks were found indicating 
the complexity of the stobadine oxidation in non-aqueous 
media.

in all cases the first irreversible oxidation peak indica-
tes a consecutive reaction of the unstable oxidation produ-
cts. simultaneously new cathodic peaks are detected on the 
reverse scan in the cathodic part of voltammogram. the num-
ber of new redox couples and the corresponding oxidation 
potentials strongly depend on the indole substitution. 

even more complex redox behavior in the potential 
region from 0 v to 1 v vs. SCe was observed in aqueous 
solutions compared to DMSo, indicating the participation 
of water and supporting electrolyte in the formation of vari-
ous forms of indoles already in the initial solutions. Fig. 4. 
shows the cyclic voltammograms of three selected pyridoin-
doles in 0.15M aqueous naCl. the first sample is stobadine 
as reference. the second sample represents stobadine deri-
vatives with metoxy group (sMe-type samples) on benzene 
ring instead of the methyl group in the stobadine. the third 
SM1M3eC2.HCl sample contains additional methyl group 
on the benzene ring. 

in all cyclic voltammograms found in water solutions 
one or two consecutive products were observed in the reverse 

scans for SMe type structures (Fig. 4.). one of them can be 
again oxidized in a reversible step. these redox peaks origi-
nate from the newly formed oxidation products as illustrated 
in Fig. 5.

the low redox potentials of these products indicate the 
easiness of their oxidation and reduction. therefore devi-
ations in the relationship between electrochemical redox 
potentials and antioxidant and radical scavenging capacity 
of the investigated pyridoindoles are to be expected due to 
the differences in the reaction mechanisms in different media. 
Whereas the electrochemical redox potentials of secondary 
xidation products can clearly be separated from those of the 
parent compounds, when measuring antioxidant properties by 
various tests an overall activity of the parent compound and of 
its secondary oxidation and reduction products is measured. 

Fig. 3.	 cyclic	 voltammograms	 obtained	 in	 the	 oxidation	 of	
investigated	stobadine	and	its	derivatives	(freshly	prepared	0.1	
mm	solutions)	in	dmso	containing	0.1	m	tbaP	as	supporting	
electrolyte	(two	cv	scans	including	cathodic	part	are	shown	for	
sample	sme1nbuoc2.hcl)

Fig. 4.	 cyclic	 voltammograms	 obtained	 in	 the	 oxidation	 of	
investigated	 stobadine	 and	 its	 derivatives	 (freshly	 prepared	
0.5mm	 solutions)	 in	 h2o	 containing	 0.14m	 nacl	 using	 glassy	
carbon	rod	working	electrode

Fig. 5.	 cyclic	 voltammogram	 (1st	 and	 2nd	 scan)	 obtained	 in	
the	oxidation	of	sme1ec2.hcl	in	h2o	containing	0.1m	liclo4	
using	glassy	carbon	rod	working	electrode
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 Antioxidant capacity was determined by ABts 
and DPPH tests, as well as ePr/spin trapping assay. the 
investigated samples can be divided into two groups based 
on the redox and radical scavenging behavior in aqueous 
solutions. Stobadine and SM1M3eC2.HCl exhibit higher 
oxidation potentials of follow up reaction products compared 
to the second group (sMe type derivatives). standard ABts 
and DPPH assays were used for determination of antioxidant 
capacity of samples expressed in teAC (Fig. 6.). 

As seen from Fig. 6. the best hydrogen/electron dona-
ting antioxidant action exhibits the sample SM1M3eC2.HCl. 
the lowest antioxidant activity was observed for stobadine. 
the total antioxidant capacity of samples was also compa-
red with the radical scavenging capacity evaluated using the 
ePr/spin-trapping method (Fig. 7.). 

the thermal decomposition of k2s2o8 in water soluti-
ons at 333 k was used as a source of reactive hydroxyl radi-
cals. Completely different behavior in ePr test was observed 
for sMe type structures in water solutions as illustrated for 
SMe1eC2.HCl in Fig. 7. unusual kinetic curve was obser-
ved with a strong elimination of oH radicals formed in the 
reaction mixture. this confirms a special role of the methoxy 
group on benzene ring in stobadine-derived indoles, already 
indicated in the cyclovoltammetric experiments, concerning 
antioxidant properties of these compounds.

conclusions
electrochemical, uv-viS and ePr/spin trapping 

investigations of new prepared indole-derived drugs were 
performed in order to explain in more detail the redox pro-
cesses of the studied compounds in relation to their antio-

xidant and radical scavenging activity. Cyclic voltammetric 
and ePr studies indicate the formation of different oxidation 
products strongly depending on the pyridoindole substitution 
and on the solvent used. it can be concluded that similar to 
the most studied natural indole-type antioxidant melatonin 
(see recent review5), the indole metabolites that are formed 
due to oxidation, strongly contribute to the antioxidant and 
radical scavenging capacity of indole-based compounds both 
in aqueous and non aqueous media. 

This work was supported by Science and Techno-
logy Assistance Agency under the contracts No. APVT–20-
0045/04, APVV-51-017905, and projects VEGA 2/5010/5; 
1/3579/06.
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Fig. 6.	 trolox	equivalent	of	antioxidant	capacity	 (teac)	of	
the	investigated	pyridoindoles	determined	by	abts	and	dPPh	
tests	in	aqueous	solutions

Fig. 7.	 the	 time	 course	 of	 integral	 ePr	 intensities	 of	 oh-
dmPo	 spin	 adducts	 measured	 indole	 derivatives	 and	 trolox		
in	ePr/spin-trapping	test
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introduction
Humic acids (HA), as the most beneficial fraction of soil 

organic matter, responsible for natural detoxification of soils, 
provide outstanding sorption ability towards common groups 
of pollutants. this makes HA very promising in a production 
of soil remediation agents. Because of slightly acidic pH of 
underground waters, HA are naturally found in an insoluble 
state and form swelled material with high water content. Pre-
paration of a gel form of humic substances therefore looks 
promising in the modeling of natural humic environments 
and also for a direct application of HA in agriculture or in 
industry. 

Gelation of HA by the use of biopolymers represents 
rapidly evolving branch of humic research. Chitosan, polye-
lectrolyte biopolymer formed by a deacetylation of chitin, 
provides high potential on this field of study. it is known as a 
biocompatible material with such valuable properties as ha-
emostatic and bacteriostatic function and sorption ability for 
both anionic and cationic pollutants.

experimental
Controlled coagulation of alkalic (sodium) humate 

was applied in order to prepare a gel without any additional 
network forming agent. solid humic acids, obtained by the 
method of alkalic extraction1 from south-Moravian lignite 
were dissolved in 0.5 M sodium humate in solid-to-liquid 
ratio of 8 g dm–3. this solution was precipitated by HCl addi-
tion up to pH below 1. resulting hydrogel was separated by 
means of centrifugation (4,000 rpm) and washed in deionized 
water several times until removal of Cl– ions. 

Mixed chitosan/HA hydrogels were obtained by a reac-
tion between sodium humate and chitosan solution in volume 
ratio of 1 : 1. Chitosan solution was prepared by dissolution 
of 6.5 g of a chitosan powder (medium molecular weight, 
sigma Aldrich) in 300 ml of 0.1M hydrochloric acid. pH 
of both solutions were adjusted to appropriate values using 
HCl and naoH. After 10 minutes of continuous agitation, 
hydrogel was separated by either centrifugation (15 minutes, 
4,000 rpm) or filtration. Hydrogel was repeatedly washed by 
deionized water in order to remove remaining reagents. Dry 
solid content of a gel was determined after drying in a labora-
tory oven for 5 days (at 50 °C).

For the preparation of chitosan/HA hydrogel beads, 3.3 g 
of chitosan flakes were dissolved in 100 ml of 5% acetic acid. 
this solution was slowly dropped into either 0.5M naoH or 
corresponding sodium humate under continuous agitation.  
 

in the former case, resulting chitosan beads were let to adsorb 
HA in the sodium humate with pH value of 8.5. 

Following instruments were used for the determination 
of physical and chemical properties of resulting gels: Mettler 
toledo 7 easy pH-Meter, Sentron Hotline needle electrode 
for measurement of pH inside a gel, Hitachi u3300 uv-viS 
spectrometer, nicolet impact 400 Ft-ir spectrometer and 
ArG2 rheometer from tA instruments. Hydrogel samples 
were dried either via free evaporation at 25 °C or using Free-
zone 4.5 (LABConCo) freeze dry system.

results
Humic gel, prepared by the coagulation of sodium 

humate solution, represents a suitable model in order to study 
a pollutant transport in natural humic systems1. Water formed 
81 % of its weight. the gel was irreversible, either freeze 
drying or air drying in laboratory oven provided hydrophobic 
humic acid powder with limited swelling ability. Main disa-
dvantage of this gel is its high acidity (inner pH value measu-
red by needle electrode was 1.4). similar irreversible gel can 
be prepared by a precipitation of sodium humate using a solu-
tion of salt with higher valence of a cation. this method of 
gelation can be applied in order to mask the structural groups, 
responsible for the reaction between HA and metal cations 
(useful in diffusion experiments).

Properties of hydrogels, prepared via rection between HA 
and chitosan, can be dramaticaly influenced by the parame-
ters of initial solutions (temperature, pH, ionic strength etc.).  
results of an experiment, focused on the effect of initial pH 
showed that the highest water content of the fresh hydrogel 
(around 97 %) was obtained using the HA solution with the 
value of pH = 8.5 and chitosan solution with pH = 5.5. Also 
the yield of gelation (amount of a produced gel) was the hi-
ghest for this way of preparation, no matter whether calcu-
lated as an amount of total gel or as an amount of dry solid 
content. Freeze drying of this hydrogel lead to highly porous 
xerogel with very fast swelling in the presence of water. 
nevertheless, the structure of this xerogel was brittle; groun-
ded or broken xerogel did not swell back into the volume of 
initial gel. 

Another experiment determined an influence of a low-
molecular electrolyte (naCl) addition. it has been confirmed 
that naCl addition causes even visually evident changes in a 
consistency of the gel. small addition (~ 0.3% of the weight 
of mixture) increases water content of the gel, while higher 
addition (~ 3 %) has an opposite effect. rheometrical measu-
rement proved that all hydrogels show typical response of a 
fully cross-linked highly elastic gel; storage moduli (G’) are 
about one order higher than the loss moduli (G’’) and almost 
constant in a whole region of available frequencies. Addi-
tion of naCl also affects sorption properties of gels. it was 
proved that isotherms for a sorption of Cu2+ showed typical 
Freundlich shape. Addition of naCl lead to stronger binding 
of sorbate in a gel (during desorption experiments).

Hydrogel beads, as prepared either by reaction between 
chitosan solution and sodium humate or by a sorption of 
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humic acids on the chitosan beads, represent promissing form 
for industrial and agricultural application (mainly after freeze 
drying). Dry content of the bead is higher (~ 15% of weight). 
sorption and swelling properties of this material will be taken 
as a focus of following experimental work.

conclusions
this contribution introduces several preparation methods 

providing novel hydrogel systems made of HA. Profitable 
properties of resulting gels and xerogels (high swelling, sorp-

tion ability, compact consistency and others) make chitosan 
become a material of choice for mixed biopolymer gelation 
of HA.
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introduction
We studied free radicals and their reactions in Cyano-

bacteria from Brno Dam on Svratka river by ePr spectros-
copy. We have found free oxygen radicals on the surface of 
Cynobacteria. their concentrations increase by the uv and 
visible light irradiation, and, in the process of their grow. By 
the breakdown of Cyanobacteria their concentrations falling 
down. these free radicals cause the health damage on the 
human skin and inner membranes. We have found, that some 
natural products cause breakdown of Cyanobacteria on the 
basis of their interaction with free radicals on their surface. 
Wheat and barley straw generate free radicals, mainly hyd-
roxyl radicals in aqueous suspensions also. these radicals 
could have interaction with free radicals on Cyanobacteria to 
destroy it. Cynobacteria contains Fe(iii) and high spin Mn(ii) 
complexes.

our previous experiments measured by electron para-
magnetic resonance spectroscopy (ePr, eSr) proved, 
that actively growing cyanobacteria produce characteristic 
spectrum of free radicals, which may play an important role 
in aquatic ecosystems. our preliminary experiments analy-
sed by ePr also proved, that barley and wheat straw produce 
quite different spectrum of free radicals. Application of barley 
straw was published many times, but the principle remains 
unknown. At least on of he principle could be based on the 
trapping and quenching the cyanobacterial stable radicals 
by specific radicals produced by especially prepared natural 
materials. this “neutralisation” of radicals could be safe for 
aquatic ecosystems. We study select different natural plant 
materials with potential algistatic activity. eutrophication of 
aquatic ecosystems and the consequent mass occurrence of 
harmful cyanobacterial blooms are growing problems in the 
entire world. Cyanobacterial blooms deteriorate water qua-
lity by toxins and odours production. Cyanobacterial toxins 
(microcystins, anatoxins, lipopolysacharide etc.) are known 
to have hepatotoxic, neurotoxic, imunotoxic, genotoxic and 
other adverse effects. Cyanotoxins in drinking water, fish 
consumption and recreational use of reservoirs represents a 
growing risk for human health. Besides this, cyanobacterial 
bloom means considerable stress for ecological stability of 
aquatic ecosystems, natural fish and amphibian reproduction, 
biodiversity of phytoplankton and zooplankton community 
etc. not only toxin production is harmful, but also decrease 
of light intensity, pH change and excessive oxygen deple-

tion. therefore measures to control of cyanobacterial growth 
are of high priority for water management. this is an actual 
problem in the Czech republic and many european countries 
For effect in shorter time algal blooms have been formerly 
injured by non-selective chemicals such as copper salts, but 
this application is no longer acceptable. Consequently there 
is a scope for finding of new types of algicides more selective 
for cyanobacteria. except selectivity the biodegradability is 
the second requirement for new types of algicides. therefore, 
the use of some natural agents could be acceptable and more 
environmental friendly way than the undesirable application 
of toxic algicidal chemicals. there are several references 
about algicidal compounds based on natural materials or 
extracts in the scientific literature.

materials	and	methods
Methodology for the ePr spectroscopy studies, espe-

cially in vivo studies was developed. the presence of free 
radicals on Cyanobacteria samples was measured and eva-
luated. the measurements of free radicals, will continue and 
somehypothesis regarding the content of phenolic compounds 
and their antioxidative capacity.

M a t e r i a l s
5,5-Dimethyl-1-pyrroline-n-oxide (DMPo) (Sigma-

Aldrich) was used as a radical trapping agent for oxygen 
and nitrogen radicals. 2,2,6,6-tetramethylpiperidine-1-oxyl 
(tempol) (sigma-Aldrich) was used as a reactant with anti-
oxidative substances for determination of antioxidant acti-
vities. Calibration standards were Mn2+/Zns and Cr3+/Mgo 
(Magnettech, Berlin, Germany).

e l e c t r o n  P a r a m a g n e t i c  r e s o n a n c e 
( e P r )  M e a s u r e m e n t s

ePr spectra were recorded with e-540 Spectrometer 
X-Band (Bruker-Biospin,Germany). the following conditi-
ons were used while recording the spectra: microwave power 
20 mW, magnetic modulation amplitude 0.2 mt, attenuation 
20 dB, time konstant 0.5 s, scan speed 0.3 mt min–1, cali-
bration standards Mn2+/Zns and Cr3+/Mgo, measurement at 
25 °C. WinePr and Bruker (Bruker-Biospin, Germany) pro-
grams were used for spectra recording, handling and evalua-
tion. the evaluation of ePr spectra was achieved according 
literature Weil, Bolton and Wertz1, program Bruker-Xepr, 
origin and Data Base of free radicals2 (nieHS, Bethesda, 
Maryland, UsA).

irradiation: uv and visible light irradiation of liquid 
sample in ePr resonator were used in the study of effect of 
irradiation on free radicals generation. samples were irradi-
ated in the ePr resonator using mercury discharge lamp for 
uv light irradiation (Bruker-Biospin), and halogen lamp for 
visible light irradiation.

results
typical ePr spectrum of Cyanobacteria has been shown 

on Fig. 1. the spectrum contains: (i) broad signal of low spin 
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Fe(iii), (ii) organic stable radical, singlet, g = 1.99435, near 
to signal of free electron g = 2.0032, (iii) 2nd singlet of other 
free radical g = 2.0801, (iv) sextet 1 : 1 : 1 : 1 : 1 : 1 of high spin 
complex of Mn(ii). no other signals in broad range are pre-
sented. there are new signals by the uv and visible irradia-
tion of Cyanobacteria, see Fig. 2. 

the generation of unstable free radicals was studied by 
the spin trapping method, using DMPo as a spin trap. it has 
been found hydroxyl and nitroxide radicals in Cyanobacte-
ria. their concentrations increase by the uv and visible ir-
radiation. it has been found hydroxyl radicals and nitroxide 
radicals. they generate in nature and are dangered for human 
skin and tissue membranes: danger of irritation, inflamma-
tion, fever. 

We studied effect of copper sulfate CuSo4 and cyano-
bacteria interaction in aqueous suspensions. the new free 
radicals have been found: multi line spectra: their identifica-

tion was not possible. We studied effect of added hydrogen 
peroxide H2o2 to aqueous suspensions of Cynobacteria. the 
increasing concentration of stable organic radical (g near 2) 
is generated, hydroxyl and nitroxide radicals. We tried to 
measure dry cynobacteria. We have measured this ePr 
spectrum.

We studied effect of straw on free radicals on cyanobac-
teria surfaces and their interactions. 

Wheat straw show the simply ePr spectrum: singlet sig-
nal (g = 2.0031, ΔHpp = 0.6619 mt = 6.619 Gauss). there is 
the possibility of interaction between this radical and radical 
from Cyanobacteria leading to the breakdown of Cyanobac-
teria radical.

Barley straw show the simply ePr spectrum: sing-
let signal (g = 2.00325, ΔHpp = 0.6317 mt = 6.317 Gauss). 
there is the possibility of interaction between this radical 
and radical from Cyanobacteria leading to the breakdown of 
Cyanobacteria radical. 

Barley straw (aqueous suspension, bubbled by air at 
room temperature) show the simple ePr spectrum: singlet 
signal (g = 2.00, ΔHpp = 0.63 mt = 6.30 Gauss). this signal 
increases by the uv irradiation of this sample. there is the 
possibility of interaction between this radical and radical 
from Cyanobacteria leading to the breakdown of Cyanoba-
cteria radical. 

Wheat straw (aqueous suspension, bubbled by air at 
room temperature): no signal, noise only. 

We studied these samples in aqueous suspensions at ana-
erobic conditions:

Wheat straw show the anisotropic ePr spectrum: 
(g║ = 2.39, g┴ = 2.01045, ΔHpp = 24 mt = 240Gauss). Pro-
bably radical with axial symmetry. there is small singlet sig-
nal in the little part of spectra: g = 1.9924, probably stable 
organic radical on the surface of straw. these radicals are 
presented in the environment of wheat straw particles.

Barley straw show the ePr spectrum: (g = 2.2331 
ΔHpp = 75 mt = 750 Gauss) probably low spin complex of 
Fe(iii) and spectrum of high spin complex of Mn(ii). these 

Fig. 1.	 typical	ePr	spectrum	of	aqueous	suspension	of	cyano-
bacteria (EPR X-Band, 25 °C, microwave pover 20 mW, Magne-
tic	modulation	0.1	mt)

Fig. 2.	 ePr	spectrum	of	uv	irradiated	aqueous	suspension	of	
Cyanobacteria (EPR X-Band, 25 °C, microwave pover 20 mW, 
magnetic	modulation	0.1	mt)

Fig. 3.  Dryed Cyanobacteria (EPR X-Band, 25 °C, microwave 
pover	20	mw,	magnetic	modulation	0.1	mt)
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radicals are presented in the environment of Barley straw par-
ticles. there is the principle of action of straw against Cyano-
bacteria free radicals.

discussion
the generation of hydroxyl and nitroxide radicals on the 

surface of Cyanobacteria in natural waters has been found 
using ePr spectroscopy. these radicals could cause damage 
on the human skin and membranes. their generation incre-
ase by uv and visible light irradiation. the generation of 
hydroxyl radicals by the breakdown of hydrogen peroxide is 
accelerated in the presence of Cyanobacteria. Wheat and bar-
ley straw generate free radicals, mainly hydroxyl radicals in 
aqueous suspensions also. these radicals could have interac-
tion with free radicals on Cyanobacteria to destroy it. Cyno-
bacteria contains Fe(iii) and high spin Mn(ii) complexes. 
the uv and visible light accelerate their generation and the 
ultimate concentration is higher. Cyanobacteria accelerate the 
breakdown of hydrogen peroxide and uv and visible light 
accelerate this effect. Wheat straw and barley straw generate 
free radicals which are on their surfaces and in surrounding 
aqueous solution. these radicals can react with free radicals 
located on the surface of Cyanobacteria to destroy their. Cya-
nobacteria (wet and dry) contain complexes of low-spin Fe 
(iii) and high-spin Mn (ii). it can play an important role for 
stabilization of presented unstable free radicals.

conclusions
We have found the role of free radicals (mostly hydroxyl 

radicals) in ill-effects of Cyanobacteria. this result pointed 
to that the effect of these radicals could be eliminated by the 
action of straw. We have found the effect of uv and visible 
irradiation on the generation of hydroxyl and nitroxide 
radicals. Wheat straw and barley straw generate free radi-
cals which are located on their surfaces and in surrounding 
aqueous solution. We have an idea to fight against Cyanoba-
cteria using free radicals and paramagnetic metal complexes 
with uv and visible light irradiation.

This study was supported by the GrantAgency of Czech 
Republic: Grant GACR 525-06–1757, Grant GACR 305-07-
0242, and Grant GACR 104-08-0758758.
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introduction
A molecular electronics (Me) might be defined as set 

of electronic behaviours in molecule-containing structures 
that depend upon the characteristic molecular (rather than 
atomic) organization of space. this behaviour is fixed at the 
scale of individual molecule, which is the naoscale. While the 
structures and devices may be macroscopic, the fundamental 
behavious arise at the molecular level.

over the past several decades there have been drama-
tic advances toward the realization of electronic components 
from organic materials instead of the inorganic semiconduc-
tors. the true advencement can be achieved by utilization  
of the original properties of the organic materials to construct 
devices based on those individual features, which do not have 
analogies in the inorganic semiconducting physics. this is 
usually accomplished with the help of quantum chemical 
calculations, which can predict the desired properties of new 
materials prior to the synthesis.

the aim of this article is to introduce some of the strate-
gies developed to take full advantage that the organic-based 
electronics offer. the attention is paid to solar cells, displays, 
and transistors representing the most developed applications. 
some of them are already entering the commercial world. 
the last part is devoted to single molecule current switching 
device as the essential components of molecular memories 
and as good example of quantum chemistry-synthesis-device 
pathway used in Me research nowadays.

materials
there is wide range of materials used in the area of Me. 

in the present time not only the actively performing materials 
(electroluminescencent, electric charge fotogenerating, etc.) 
but also other supporting materials are used to increase the 
performance of the produced devices. the materials have to 
cover broad range of requirements and therefore range from 
the low molecular weight over polymeric ones to supramo-
lecular structures. it is therefore common strategy to tailor 
the properties by introducing side groups whose position, 
number and properties adjust the required qualities (preven-
ting of agreagation, solubility, etc.).

However, a wide pool of posibilities exists also for the 
active area of the device. Many scientific groups and com-
panies use small molecules mainly because of their intrinsic 
high thermal and optical stability, fatique resistance etc. on 
the other hand the processing usually requires thermal eva-
poration under vacuum which migh increase the cost of the 
device prepared. to increase the performance, the devices 

usually consists of many layeres (> 20) whose preaparation 
requires many precise processing steps (e.g. co-evaporation) 
and can increse the possibillitiy of introduction of defecst 
and thus might also raise the cost of such devices. Doping of 
these materials turned out to be a necessary strategy in order 
to obtain efficient devices. examples of the materials are in 
Fig. 1.

the other main class of materials used consists of high 
molecular weight materials: polymers. the field of semi-
conducting polymers has it root in the 1977 discovery of the 
semiconducting properties of polyacetyene1. this breakth-
rough earned Alan Heeger, Alan MacDiarmid, and Hideki 
shirakawa the 2000 nobel Prize in Chemisty for “the disco-
very and development of conductive polymers”.2–4

there are four specific types of semiconducting poly-
mers:

Filled polymers are loaded vith conductive fillers, such 
as carbon black, graphite fiber, or metal oxide particles, 
and have the broadest application in electronic devices. 
However, they are inhomogeneous materials, which 
makes them hevily process-dependent and harder to 
reproduce. 
ionically conducting polymers are used in such consu-
mer electronic applications as rechargeable batteries, 
fuel cells, and polymer light emitting devices although 
their conductivity is highly sensitive to humidity. 
Conjugated polymers where delocalisation of pi-
electrons allows for charge carrier conduction and is 
responsible for their semi-conducting properties; see 
Fig. 2. 
Charge-transport polymers have become the most 
established semiconducting organic system because of 
their commercial use in xerographic photoreceptors.

A special class of materials consists of molecules speci-
ally designed and synthesized to ensure a specific feature on 
molecular level. As an example we may mention a carotenoid-
porphyrin-fullerene (C-P-C60) triad. When porphyrin absorbs 
light, it donates electron to the fullerene and take electon 
form the carotenoid. this leads to charge separation (creation 
of C+-P-C60

–) and is analogous to the processe involved in 
photosysnthesis5. Another example will be discussed later.

applications
o r g a n i c  S o l a r  C e l l s

in principle, there are four types of solar cells in terms of 
organic based electronics: 

Conjugated polymers based solar cells usually utilize 
“bulk heterojunction” between semiconducting polymer 
as an electron donor and low molecular weight acceptor 
to ensure efficient photo-induced charge generation. 
small molecular solar cells are based on the same donor-
acceptor concept but composed of low molecular weight 
materials and therefore require different device design 
and processing.

•

•

•

•

•

•
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Dye-sensitised solar cells are based on electron transfer 
from organic sensitizer to wide bandgap semiconductor 
(e.g. tiox) and redox reactions of mediator6,7. 
organic-inorganic hybrid solar cells compose of nano 
sized inorganic semiconductors (usually in the form 
of core-shell nanoparticle whose bandgap and doping 
levels can be easily tailored) dispersed in polymeric 
matrix. the charge separation occurs on the prticle-
polymer interface8. Since our group deals with the first 
two types we will pay closer attention to their operatio-
nal principles, material reguirements and device design 
and advancement. 

the solar cells based on conjugated polymers in its 
simplest form can be acomplised as a metal-insulator-metal 
(MiM) diode with the metal electrodes of asymmetrical 
workfunction (Fig. 3.). the potential difference between 
electrodes have to be high enough to overcome exiciton bin-
ding energy (energy needed to dissociate Coulomb attraction 
of the foto-generated electon-hole pair: exciton) othervise the 
excitons will decay geminately (either radiatively or non-radi-
atively). the usually used electrodes (indium tin oxide, ito, 
as the transparent high workfunction metal and Aluminium 
as the low workunction metal) do not fulfill this requirement 
sufficiently. the energy conversion efficiencies are typically  
10–3–10–1 %, too low for practical applications.9–11 
to overcome this limitation various strategies have been 
employed to increase the photo-induced charge carrier gene-
ration. 

one of the possible pathways is to introduce p-n jun-
ction by doping. the initial experiments of Chiang et al. 
in 1978 with p-type and n-type polyacetylene films did not 
succeeded12. the alternative way is to use a shotky junction 
between conducting polymer and metal. However, neither 
this approach solved the problem of inefficient charge carrier 
generation.13–15

to overcome the limitation of the photo-induced charge 
carrier generation, a donor/acceptor (D/A) approach has been 
suggested.16–19 the most widely used concept uses semico-
ducting polymers as an electron donor and fulerene (C60)  
as an electron acceptor. Analogically to the p-n junction a 
bi-layer device can be constructed with the D/A interface 
between the two layers representing the heterojunction 
(although the actual physical processes are different). such 
device has rectifying current-voltage characteristics even 
for the same metal electrodes on both sides. the positions 
of the HoMo and LuMo energy levels have to be choosen 
carefully to realize charge transfer rather than energy transfer, 
which does not lead to the charge separation. it was shown 
that the charge transfer from semiconducting polymers to C60 
occurs within 50 fs after photo-excitation.20–22 the charge 
transfer is therefore more than 103 times faster than any other 
competing process. 

it follows that further step for efficient photo-induced 
charge generation is to increase the interfacial area between 
the donor and acceptor. Creation of so called “bulk hetero-

•

•

junction” via control of the morphology of the phase separa-
tion thus have the crutial role for device efficiency23,24. Due 
to the necessity of bipolar charge transport in the bulk an 
interpenetrating network of D/A phase is further necessary 
also for equally efficient collection of charges. this approach 
led to increase of the solar power conversion efficiencies of  
around 3 %.

Although the polymer based solar cells provide pro-
misssing concept of organic photovoltaics, the match of the 
absorption spectrum of the polymer with the solar spectrum 
is rather small and it turned out to be difficult to achieve 
smaller bandgap in polymers. Alternativelly, small organic 

Fig. 1.	 examples	of	small	molecular	weight	materials	nowadays	
used	 in	 molecular	 electronics	 as	 hole	 transport	 material	 (zink	
pthalocyanine	 (znPc),	 tris-(phenyl–3-methyl-phenyl-amine)-
triphenylamine	 (m-mtdata),	 pentacene),	 electron	 acceptors	
(buckminster-fullerene	 (c60),  2,3,5,6-tetrafluoro-7,7,8,8-tetra-
cyano-quinodimethane	(f4tcnQ))	and	electron	transport	mate-
rials	(aluminium-tris-8-hydroxy-quinoline	(alq3),	m-mePtcdi,	
perylene,	ntcdi-c8h17,	f16cuPc,	tcnnQ)
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dye molecules have been studied as promising materials for 
photovoltaic devices.25–30 one of their advantages is their 
high absorption coefficient (~ 105 cm–1) with good overlap 
with the solar spectrum. 

the general structure of this type of solar cells is in the  
form of Pin (p-doped/intrinsic/n-dopoed) composed of the 
active layer and doped wide bandgap materials for hole and 
electron transport, see Fig. 4. the intrinsic layer is usualy 
composed of mixture of donor/acceptor molecules which 
create bulk heterojunction in the same way as in the case 
of polymer based solar cells. this approach has several  
advantages.

(i) the transport layers are doped in order to increase the 
conductivity and thus reduce the ohmic losses. (ii) Quenching 
processes at the electrode can be avoided because excitons 
created in the active layer cannot penetrate into the wide-gap 
transport layers. (iii) the thickness of the highly conductive 
spacer layers can be tuned to optimize the optical field distri-
bution in the solar cell. (iv) the increased overall thickness 
of the devices allows higher stability and a lower probability 
for short cuts.

o r g a n i c  L i g h t  e m i t t i n g  D i o d e s
Since the first demonstration of efficient light emission 

from organic light emitting diodes (oLeDs) by the kodak31, 
the attention of following research were paid to lower ope-
rating voltages, higher efficiencies and longer lifetimes 
of the devices. As for the photovoltaics there are also two 
main clases of materials used: the polymer based LeDs 
mainly benefiting from the solution processing and the small 
molecules based LeDs with better stability and efficiency32. 

electroluminiscence form conjugated polymers were 
first reported in 1990, using poly(p-phenylene vinylene), 
PPv, as the single semiconductor layer sandwitched between 
metallic electrodes with different workfunctions. the MiM 
diode-like structure is the same as depicted for the case of 
single layer solar cell in Fig. 3. under sufficient forward bias, 
holes from the high workfunction metal and electrons form 
the low workfunction metal are injected in to the thin film 
of organic semiconductor. Capture of oppositely charged 
carriers within the semiconductor can then result in photon 
emission.

the efficiency of the first simple LeDs based on poly-
mers were reatively low, of the order of 10–4 photons gene-
rated within the device per electron injected (an internal quan-
tum efficiency of 0.01 %)33. the internal quantum efficiency 
is defined as product of the ratio of the number of exciton 
formation events within the device to the number of electron 
flowing in the external circuit, the fraction of excitons which 
are formed as a singlets and the efficiency of radiative decay 
of these singlet excitons. in order to achieve efficient lumi-
nescence, it is therefore necessary to have good balancing of 
electon and hole currents, efficient capture of electons and 
holes within the emissive layer, strong radiative transitions 

Fig. 2.	 molecular	 structures	 of	 a	 few	 conjugated	 polymers,	
note	the	bond-alternated	structure	responsible	for	the	semi-con-
ducting	properties	(p-type)

fig.	3.	 a)	 charge	 generation	 in	 a	 single	 layer	 organic	 semi-
conductor	device	under	 short	 cut	 conditions	 (mim	structure),		
b)  the  same  device  under  forward  bias  with  suffitient  charge 
injection	 shows	 light	 emittion	 (electroluminiscece).	 vb	 is	 the	
valence	 band,	 cb	 conduction	 band,	 eg  bandgap  and φ work-
function
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for singlet excitons, and efficient coupling of these excitons 
to photon states allowed in the device structure.

the electon-hole capture leads to formation of excitons. 
the spin wavefunction of the exciton can be either singlet 
or triplet. Because of the exchange energy (the difference 
between the singlet and triplet state) is usually large, the 
allowed radiative emission is from the singlet only (fluo-
rescence). Assuming that the electon-hole capture is spin 
independent (Langevin model) the created excitons are in 
the triplet and singlet configuration in the ratio 3 : 1, there-
fore it is expected to loose 75 % of the electron-hole pairs. it 
would be therefore very attractive to use the triplet excitons. 
one possible approach is to introduce high-atomic-number 
elements with strong spin-orbit coupling to utilize the triplet 
luminescence (phosphorescence).34–36 However, the triplet 
emission is usually red-shifted and it turned out to be rather 
difficult to utilize this approach for emission of green and 
blue colours.34,35,37

efficient electron-hole capture can be acomplished only 
with high density of charges in the emissive layer. therefore 
great attention is paid to charge injection and transport. there 
exist several mechanisms that are involved for the injection 
of charges from metal electrodes. For diodes with large bar-
riers either the thermionic emission or tunneling can limit the 
current flow. therefore proper selection of metals used as 
the contact and series of pre-contact layers are employed to 
lower the potential barriers. Using this approach the charge 
injection is no more considered to limit the current flow. 

instead, the current flow is bulk-limited through the bild-up 
of space charge38.

the need for balanced electron and hole current let to 
implementation of hole-conducting and electon-conducting 
layers and thus to the creation of heterojunction in the same 
fashion as for the solar cells, see Fig. 4. injected charges 
move to the heterojunction at which they are confined by the 
potential barrier. Depending on the relative position of the 
energy position electrons or holes tunnel through this bar-
rier and electon-hole capture lead to the electroluminescence 
from the respective layer. Using this approach external quan-
tum efficiecies up to 2,5 % were obtained39,40.

All of the principles mentioned for the polymer based 
LeDs are valid also for LeDs based on small molecules. in 
fact many of the strategies described were simultaneously 
or firstly discovered using this type of materials (e.g. the bi-
layer structures). simirally to the solar cells the preparation 
technique (sublimation) offers easy way for doping and co-
deposition of several materials and therefore provides addi-
tional degrees of freedom and potentially better tunability of 
the device performance41. the structures that are nowadays 
under study are usually composed of many layers and inter-
penetrating regions with controlled thickness, level of n- or p-
type doping and provides energetic barier reduction, electron 
or hole transport or serves as blocking layers and finaly as 
emissive layers with specific colour or white light emission 
(> 20 layers). For the commercial utilization dynamic in-line 
deposition techniques producing efficient enough oLeDs 
with low operational voltages are currently under study42.

o r g a n i c  t h i n - F i l m  t r a n s i s t o r s
organic thin-film transistors (otFts) based on conju-

gated polymers, oligomers, or fused aromatics have been 
forecasted as a viable alternative to the traditional thin film 
transistors based on inorganic semiconductors. But because 
of the relatively low charge carrier mobilities (µ) in organic 
semiconductors otFts cannot rival the performance of field 
effect transistors based on inorganic single crystals such as si, 
Ge and GaAs, which have charge carrier mobilities of three 
or more orders of magnitude higher43. therefore, otFts are 
not suitable for high switching frequency applications. How-
ever, like in the case of photovoltaic and LeD applications, 
otFts can be competitive candidates for applications requi-
ring large area coverage, structural flexibility, low tempera-
ture processing, and especially low cost manufacturing (e.g. 
flat panel displays, sensors, radio-frequency identification 
tags (rFiDs), etc.).

Due to the weak intermolecular interaction forces, typi-
cally van der Waals with energies smaller than 10 kcal·mol–1, 
which is close to the vibrational energy at or above rt, the 
upper limit of microscopic mobilities in organic molecular 
crystals for t = 300 k falls between 1 and 10 cm2 v–1 s–1 

(ref.44). in contrast, in inorganic semiconductors such as si, 
Ge and GaAs, the atoms are held together with very strong 
covalent bonds, which in the case of si have energies as 
high as 76 kcal mol–1. the charge carriers move as highly 

Fig. 4.	 a)	schematic	diagram	of	a	bilayer	device	and	formation	
of	bulk	heterojunction	(dotted	lines)	before	contact	of	the	mate-
rials	 is	 made.	 the	 charge	 generation	 process	 (1	 –	 absorption,		
2	 –	 charge	 transfer	 and	 subsequent	 exciton	 dissociation)	 and	
light	emission	process	(3	–	charge	injection,	4	–	tunneling	across	
a	barrier	and	capture	of	charges	and	5	–	light	emission),	b)	dia-
gram of multilayer device configuration. Each of the layers can 
consist	of	more	materials	(doped)	and	each	of	the	interfaces	can	
be	tailored
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delocalised plane waves and have a very high mobility at rt 
(µ ~ 103 cm2 v–1 s–1).

the boundary between band transport and hopping is 
defined by materials having rt mobilities of the order of 
1 cm2 v–1 s–1(ref.44). thin films of highly oriented organic 
semiconductors, such as several members of the acene series 
including pentacene, have rt mobilities in this intermediate 
region. Furthermore, very high mobility values have been 
measured using time of flight (toF) experiments (up to 
400 cm2 v–1 s–1 for holes in single crystals of naphthalene at 
4.2 k45, 46) and field effect experiments (up to ~ 105 cm2 v–

1 s–1 for holes in single crystals of tetracene and pentacene 
at 1.7 k47,48) following a power law (µ ≈ T-n). this gives 
the evidence for band-like transport in these high qualities, 
ultra pure single crystals. on the other hand, this behaviour is 
rather impossible to observe in amorphous or polycrystaline 
films because traps attributed to grain boundaries and other 
structural defects dominate transport49. the carrier transport 
takes place by hopping between localised states and carriers 
are scattered at every step.

several strategies leading to increased mobilities in 
organic materials follow from these fundamental limits43. 
one of them is to strengthen the intermolecular interacti-
ons. stronger interactions would lead to more rigid crystal-
line structures and thus it would take temperatures higher 
than rt to generate subtatntial scattering of charge carriers.  
A second way is to dramatically reduce the conduction path. 
if the carrier transport occurs via an array of single molecules, 
such as polymer chains or nanotubes the mobility is no more 
influenced by the grain boundary or other structural defects. 
reduction of the tFt channel from micrometer to nanometer 
size led to mobilities of the order of 100 cm2 v–1 s–1 in the 
case of carbon nanotubes50.

M o l e c u l a r  s w i t c h
this chapter deals with construction of molecular current 

switch based on light driven switching of on-chain charge 
carrier mobility investigated at our department. to describe 
the proposed molecular switch, we have to briefly describe 
origin of traps in molecular solids first, for details see49.

According to electrostatic approach, the ionisation 
energy of a crystal (Ic) is related to the molecular value (Ig) 
by Ic = Ig–P. the parameter P, referred to as the polarisation 
energy, represents the energy of interactions between a charge 
carrier localised on a given lattice site and the surrounding 
polarizable lattice. Local decrease of Ic in an otherwise per-
fect crystal lattice represents a trap for moving hole. the trap 
can be thus created (i) on a host molecule with suitably low Ig, 
or (ii) by increasing of the value of the polarization energy P 
contrary to that in a physically perfect material. in a molecu-
lar solid build of non-polar polarizable units, e.g. polymer 
segments, containing a small amount of polar guest species, 
its dipole moment contributes to the field acting on surroun-
ding molecules and modifies the local values of the polariza-
tion energy. thus, the presence of polar species may result 
in production of local states in their vicinity; even thus they 

are not necessarily trapping sites themselves. the calculati-
ons of trap parameters (depth, extension) indicate that local 
perturbations of the polarization energy due to the presence 
of a highly polar guest molecule may result in extension over 
several lattice constants, and hence should influence the on-
chain charge carrier mobility51. 

Changing of the dipole moment of suitably chosen side 
groups both, chemically attached to the polymer chain via a 
neutral spacer or dispersed in the matrix, thus results in chan-
ging of the on-chain charge carrier mobility. Use of photo-
chromic side groups make it possible to modulate the charge 
mobility by light-activated photochromic reaction.

the molecular current modulator is schematically 
demonstrated in Fig. 5. the switch consists of a molecular 
wire with suitable bistable side group(s). various materials 
can be used to build the switch. Blocks A and B (molecular 
wire) can be realised by π- or σ- conjugated polymer chains 
as depicted in Fig. 2. the spacer C can be realised by several 
chemical structures, its length being easily tailored to needs 
resulting from e.g. model calculations. the active switching 
system (block D) should be selected in order to produce large 
dipole moment change in its two states as described above. 
the active moiety can be successfully realised by e.g. spiro-
pyrans (Fig. 5.). Depending on substituents attached to their 
backbones, these molecules can change their dipole moment 
from 2–5 D to 5–13 D (theoretical calculations reveal up to 
30 D)52.

the change of the electrostatic potential due to the 
charge-dipole interactions shifts the transport levels. since 
the position and orientations of the additive are essentially 
random the effect results in broadening of the distribution of 
transport states53,54 and to the decrease of the charge carrier 
mobility55,56,57.

in a similar way to the charge-dipole interactions resul-
ting in mobility switching the formation of chemical traps 
was also demonstrated58. Quantum mechanical calculations 

Fig. 5.	 schematic	representation	of	light	driven	molecular	cur-
rent	switch	and	photochromic	reaction	of	spiropyran.	the	two	
states	can	be	obtained	using	 light	of	different	wavelength	 (uv	
for	the	forward	and	vis	for	the	back	reaction)
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showed the possibility of the participation of the main chain 
electrons in the photochromic process of the side group and 
points to the importance of the chemical structure of the spa-
cer. the spacer can be realised as a ‘quasi-neutral’ from the 
point of view of the charge transfer, or can freely transfer the 
charge. in the former case, the electrostatic contribution of 
the polar side groups, based on the charge-dipole interacti-
ons, is the most important factor influencing the behavior of 
the charges on the molecular wire. in the latter case however, 
the situation is more complex: the change of the chemical 
structure and charge redistribution on the substituent, and 
a charge redistribution between the molecular wire and the 
photochromic group may influence the ionization energy of 
the entire polymer segment. Such modification may results in 
the creation of a chemical trap on the segment.

conclusions
since the early times in 1970s molecular electronics 

went through long way from visionary (sometimes specula-
tive) ideas over pioneering measurement of molecular-level 
properties to devices efficient enough enabling to start their 
mass production. Despite such immense development there 
are still many fundamental aspects that need to be answered 
in order to fully exploit the potential this area offers as can 
be seen from the examples we outlined in this article. the 
progress can be possible only with synergic development 
in many scientific areas e.g. physics, chemistry, quantum 
chemistry, metrology and in close cooperation of basic and 
applied research (science and technology).

This work was supported by the Academy of Sciences of 
the Czech Republic (Grant No. KAN401770651).
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introduction
this paper deals with the unification of views on diff-

erent physical and chemical fields of knowledge on natural 
phenomena. We put into context physical quantities defined 
in fractal physics, thermodynamics and statistical physics 
with general mathematical description by momentum of ran-
dom quantities.

the mathematical tools of fractal physics enable a uni-
versal description of such phenomena as e.g. thermal radia-
tion, conduction and convection of heat, properties of ideal 
and real liquids and/or gases, thermodynamic entropy of clo-
sed and open system and classic and quantum distribution 
functions.

this unification is not only of a theoretic importance, 
but enable the implementation of further modules into the 
HarFA application (developed by authors of this paper). the 
program HarFA was intended for fractal analysis of digital 
images, video clips, signals and numerical data sets. the new 
modules enable calculation of five fractal dimensions (topo-
logical, information – thermodynamic, correlative, skewness 
and kurtosis) which relate to corresponding moments and 
entropies. thus a unification of phenomena description by 
different sciences is achieved.

theoretical	backgrounds
G e n e r a l  a n d  C e n t r a l  M o m e n t s 

to describe studied phenomenon, various mathematical 
apparatus is used in different science areas. As an example 
we can mention mechanics, statistical physics and physical 
chemistry which use general and central moments do define 
mean values of the respective physical qualities (e.g. posi-
tion, velocity, acceleration) or their deviations form the mean 
values (absolute error, standard deviation, skewness, kur-
tosis).

Generally these moments for one variable functions can 
be expressed using equations (1) and (2), ref.1.

General moments of qth order of discrete and continuous 
functions in real number field can be defined using the equa-
tions
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similarly the central moment qth order of the discrete or 
continuous functions related to general moment of the first 
order (mean value µ) can be defined as

A b s o l u t e  e r r o r s
to calculate absolute values of random real quantities 

values of qth order defined in the final interval or in final inter-
val of random real quantities with functional values uniformly 
distributed (f(x) = const.) can the equation (2) written as

the comparison of the equation (2) and (3) gives an evi-
dence that the central moments of the even orders are in the 
case of uniform distribution of random quantities equal to the 
absolute errors of the random quantities but the odd orders 
differ (e.g. central moment 1st order m1 = 0, r1 is an absolute 
error of random value). 

to compare the random samples, standardization to cen-
tral moment of 2nd order (to standard deviation σ) is often 
employed 

where σ = r2
1/2. A simple consideration we can derive that 

R2 = 1, R3 is skewness (standardized moment of 3rd order) 
and r4 is kurtosis (standardized moment of 4th order). these 
equations are used as a standard Din en iSo 4287/ASMe 
Perthometer. Surface Texture Parameters used for surface 
roughness evaluation although the equations have more 
general character.

e n t r o p y  a n d  F r a c t a l  D i m e n s i o n
the entropy is very often used for describing of sta-

tistical processes. the kolmogorov K-entropy is important 
characteristic which describes a degree of chaoticity of the 
system. it is well-known that: in an ordered system (K = 0), 
in a random system (K → ∞) and in a chaotic (semi determi-
nistic) system (0 < K < ∞). 

the generalized entropy Kq can be defined like the gene-
ralized dimension. From the term of generalized entropy3 the 
renyi entropy Sq of q order implicit

where p (pi respectively) is probability of continuous 
(discrete) random process. 

it follows form the comparison of the equations (3) and 
(4) that the renyi entropy of q order is related with abso-
lute errors of q order defined for the statistical evaluation 
of random samples Sq = lnRq/(1–q) for probability (relative 
frequency) defined by term pi = (xi = μ)/(nσ). it is evident that 
for q < 1 will be entropy positive (S0 = lnm, so called topo-
logical or Hausdorff entropy) and for q > 1 will be entropy 

. (2)

. (3)

, (4)

, (5)
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negative already. the special case is for q → 1 when the value 
of numerator is implicate to zero and entropy will be 

numerator is implicate to zero and entropy will be 

1
1

ln
m

i i
i

S p p
=

= ∑
 
or

 
1

1

ln
m

B i i
i

S k p p
=

= ∑ ,  (6)

the left term is called information or Shanon entropy, 
the right one (information entropy multiplied by Boltzmann 
constant) as a thermodynamic entropy. the entropies for 
q = 2, 3 or 4 are called as correlation, skewness or kurtosis 
entropy. Fractal dimensions can be assigned to individual en-
tropies

lnq qS D r= − .  (7)
the dimensions for q = 0, 1, 2, 3 or 4 are called topolog-

ical (Hausdorff) information (Shanon), correlation, skewness 
or kurtosis dimension.

experimental
F r a c t a l  D i m e n s i o n

statistical (e.g. thermodynamic) processes can be also 
understood as fractal systems. in this case the fractal algebra 
is used for its description. suppose that cell with size r = 1 
will have K states (K is so called fractal measure). the cell 
with dimension r < 1 will than have N(r) ≤ K states given qual-
ity according to the way the states are distributed in the cell 
(microstates in macrostate). the type of the distribution can 
be described using quantity called fractal dimension D. re-
lating of this number to the elementary cell unit in E-dimen-
sional space (rE), the density of fractal quantity F(e) can be 
determined. Dependence of number of states N(r) and density 
of fractal quantity F(r) is defined by equations 

DrKrN ⋅=)( , EDrKrF −⋅=)( . (8)

to determine the fractal structure parameters for special 
cases of deterministic fractals analytical or numerical meth-
ods (e.g. radius or box counting method) can be used. the 
fractal parameters can be in these cases determined by the 
linear regression of dependence

ln ( ) ln ln ln ( )N r K D r K S r= + = − , (9)

where S(r) is so far unspecified entropy (5). this entropy can 
be determined from the statistical parameters (4). For q = 0 
it yields 

( ) ln ( ) ln ( ) lnS r R r m r n= = − . (10)

Comparing the equations (9) and (10) we can see that the 
fractal measure K is total number of states n and m(r) = N(r) 
and is number of states having the defined qualities. using 
the radius method it is related to number of black and white 
pixels threshold pictures in a selected area with the size  
of r. Using box counting methods it is related to a number 
of squares with the size ε = 1/r with all pixels neither black 

(NWBW) or white (NWBW), respectively. in this case it is also 
possible to determine numbers of squares with pixels neither 
black nor white (NBW). subsequently, from the (9) and (10) 
dependencies is possible to derive fractal measure K, fractal 
dimension D, entropy S and absolute error r (R respectively). 
All of these parameters can be derived with the help of  
HarFA 5.3. software developed by the authors of the contri-
bution.

the new version of the HarFA 5.4. allows for determi-
nation of all of the statistical and fractal parameters men-
tioned above following from the moments of q order (q = 0, 
1, 2, 3 or 4).

the area of surface and volumes under and above this 
area in % can be calculated from fractal measures 

B W
B W

BBW WBW B W
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K
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K K K

=
+ −

, (11)
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−
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−
=

+ −
.  (13)

the results of these calculations for all moments and dif-
ferent parts of the sample (U10, U30, see Fig. 1.) are shown 

Fig. 1.	 fractal	structure	of	the	real	sample	surfaces	(u10,	u30)	

Fig. 2.  Fractal analysis of inhomogenities of thin film layer sur-
face	for	different	moments	of	qth	order
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at Fig. 2. this figure shows dependence of surface size of 
selected part for different moments q = 0.1, 1, 2, 3 and 4.

the dependence of surface structure fractal dimensions 
for all these moments is at Fig. 3. We can see the decreasing 
fractal dimension for higher order values.

conclusions
Direct relation of the description of various physical 

and physical-chemical phenomenons in various science areas 

(statistical physics, thermodynamics, and fractal physics) is 
described in the contribution. it follows that the fractal analy-
sis methods originally used to analyse threshold pictures can 
be easily utilized for continuous phenomenon in informatics, 
thermodynamics, kinetics theory of gases, etc.

This work was supported by project KAN401770651 
from The Academy of Sciences of the Czech Republic and 
grant FT-TA/036 from the Ministry of Industry and Trade of 
the Czech Republic.
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Chem. Listy, 102, s265–s1311 (2008) Physical & Applied Chemistry

s1130
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Introduction
Transformation of coal into humic acids (HA) can be 

achieved by means of the oxidation process. oxidation could 
be ideally considered as an inverse diagenetic process able to 
regenerate the molecules, which originally led to the insoluble 
structure of the coal. The HA produced is generally called 
“regenerated” humic acid (rHA) or oxyhumic acid1. oxida-
tion can be performed using many of the oxidants usually 
utilized in organic chemistry (HNo3, kMno4, H2o2, etc.)2. 

The practical final result of the acidic treatment of the 
alkaline solution of humates, extracted from oxycoal, is a 
black, amorphous, water-insoluble regenerated HA (rHA) 
powder. rHA have similar characteristics and chemical 
behavior like the original HA, whose conversion led to coal. 
In fact rHA generally contain more carbon and less oxygen 
than HA obtained from natural environments. The major fun-
ctional groups in rHA are carboxylic and phenolic groups1.

The goal of this work is to evaluate the antioxidant or 
pro-oxidant efficiency of rHA as additives in polyvinylalco-
hol (PvA) blends.

Experimental
Line of four humic acids was obtained from South 

Moravian lignite and extracted by the IHSS standard alka-
line method3. Before extraction, part of lignite sample, milled 
and sieved (0.2 mm) was pretreated with different oxidizing 
agents for 30 minutes, filtrated and washed with deionized 
water until agent-free.

As a reference, a HA sample was extracted from non-
treated lignite. All these samples were mixed with solution 
of polyvinyl alcohol (PvA) (2 g dm–3) to obtain, after water 
evaporation, final concentrations in the polymer 0.5, 2 
and 5 % wt.

T h e r m o g r a v i m e t r y  a n a l y s i s
Thermogravimetry (TA instruments) with the dynamic 

air atmosphere was used for testing of PvA/rHA blends. The 
airflow rate was set at 25 ml per minute and the heating rates 
were 0.5, 1, 3, 5, 7, 10 and 15 k per minute. The measure-
ment was carried out from room temperature to 600 °C.

As a measure of stability the induction period (IP) was 
determined. The thermogravimetric records showed two 
steps of weight loss, the first one attributable to loss of water, 
whereas the second one to the degradation of the polymer. 

The onset of the latter step corresponded to the end of IP and 
it was detected by the extrapolation of inclination of 1st deri-
vative weight curve of the TG curve (DTG) for several tem-
perature rates (Fig. 1.). The IP was determined using equati-
ons with Arrhenius temperature function (1).

)/exp(i TBAt =

 

(1)

ti is a length of the induction period, A and B are adjustable 
kinetic parameters and T is temperature. 

Results
A n t i o x i d a n t  e f f i c i e n c y  o f 
r e g e n e r a t e d  H u m i c  A c i d s

In our previous work3 the antioxidant effect of South 
Moravian lignite humic acids and its ammonium salts in mix-
ture with PvA was experimentally proved; while addition of 
sodium salts exhibited a slight pro-oxidant effect at specific 
concentrations. in this part we tried to find out if the oxida-
tive modification of the parental lignite could cause any sig-
nificant changes in antioxidant efficiency of extracted humic 
acids. 

Stability of PvA/rHA blends was assessed and com-
pared using so-called induction period (IP) measurement. 
The principle of this approach is given in the experimental 
part. Application of Arrhenius equation as the temperature 
function has been demonstrated to be rather complicated 
due to (i) problems with calculation of temperature inte-
gral, (ii) problems associated with obtaining of unrealistic 

Table I
Samples of regenerated humic acids

 Sample Pretreatment agent
 HA 1 –
 rHA 2 5% HNo3
 rHA 3 10% HNo3
 rHA 4 20% HNo3

Fig. 1.	 Onset	temperature	detected	by	the	extrapolation	of	inc-
lination	of	1st	derivative	weight	curve	of	the	TG	curve	(DTG)
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values of induction periods and moreover (iii) adjustable 
parameters cannot be considered to have a physical meaning.  
on the other hand, such approach can still be used to model 
the kinetics of the process although without a deeper insight 
into its mechanism4. A better estimation of stabilizing effect 
can be obtained using the ratio of the lengths of induction 
periods of treated (stabilized) and nontreated material5 so-
called protection factor (PF). 

From results reported in Fig. 2., it seems that the most 
efficient concentration was 2 %. in this concentration rHA 3 
showed the highest efficiency to increase the stability of 
PVA. Further, results obtained using eq. 1 showed, that rHA 
2 and rHA 3 in concentration 2 % have higher stabilizing 
effect than nontreated humic acid. Stabilizing effect increases 
in sequence HA 4, rHA 1, rHA 2 and rHA 3. Concentration 
0.5 % of humic acids also stabilizes PvA. In contrast, 5% 

addition of regenerated humic acids did not bring a signifi-
cant change in thermo-oxidative stability.

Conclusions
Thermal stability expressed as the length of IP of PvA 

with addition of humic acids was assessed by means of ther-
mogravimetry and using a mathematical apparatus of isocon-
versional method. For the calculation of the induction period, 
Arrhenius temperature function was used. 

Stabilities of PvA enriched with 3 regenerated humic 
acids were compared with PvA blend mixed with humic 
acid extracted from non-pretreated lignite. obtained results 
showed, that almost all regenerated humic acids had grea-
ter stabilizing effect than humic acid extracted form paternal 
lignite.

This work has been supported by project MSM 
0021630501.
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Fig. 2.	 Protection	factor	determined	by	Arrhenius	kinetic
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Introduction
At present great attention is given to study of prepara-

tion and properties of various nanomaterials usable in many 
applications. They are utilized in varied fields of human acti-
vity – e.g. in electronics, medicine, paint industry etc. except 
detailed chemical structure, such nanoparticle properties 
as shape and size distribution are fundamental to the given 
application. To measure these parameters various methods 
are used, e.g. transmission electron microscopy (TeM), ato-
mic force microscopy (AFM), acoustic spectrometry and 
methods based on the light scattering.

All above-mentioned methods were used in this work to 
characterize particles of two selected model types of nanoma-
terials – colloidal silica and sodium montmorillonite. Silica 
represents a material with spherical particles; tabular shapes 
are typical for montmorillonite materials.

experiments proved that methods used to measure par-
ticle size distribution and based on the light scattering require 
very diluted dispersions to meet the needs of them. But, on 
the other hand, these conditions can affect the particle size 
distribution due to agglomeration or deagglomeration of 
them. For these reasons methods working with concentrated 
suspensions, without dilution, are more suitable to get cor-
rect results for such colloidal systems, for example acoustic 
spectrometry. To obtain information on the shape of particles 
studied TeM and AFM methods were used. 

Merits and limitations of the individual methods used to 
evaluation of nanoparticles of various types are discussed in 
the work.

Experimental
D y n a m i c  L i g h t  S c a t t e r i n g

Particle size distribution measurement was carried out 
by dynamic light scattering using Mastersizer 2000 MU.

U l t r a s o u n d  S p e c t r o s c o p y
The ultrasound-based technique is suitable for characte-

rizing heterogeneous solid-in-liquid or liquid in liquid colloi-
dal systems. This method is suitable for concentrated soluti-
ons; it is reliable in range from 5 % to 50 %. We have used 
equipment DT–1 200 (Dispersion technology, USA) and as 
standard we have used Silica Ludox with nominal particle 
size approx. 22 nm.

A F M
A Solver Pro M Atomic Force Microscope (NT-MDT; 

russia) was used in tapping mode (semi-contact) to produce 
three-dimensional images of the surface. High-resolution 
“Golden” silicon cantilevers NSG–1 0 (Au coating, curvature 
radius 10 nm and cone angle less than 22°°) were used for 
all measurements. Set point was adjusted on 50 % of a free 
oscillation. Scan sizes required to evaluate the distribution of 
particles was 500 × 500 nm to several microns depending on 
variation of particles’ sizes.

T e M
A drop of the water-diluted suspension was put on a 

microscopic grid covered by ultra thin carbon film and obser-
ved directly with TeM Tecnai G2 Spirit Twin (Fei).

Materials
S i l i c a s

Bindzil CC30
eka Chemicals AB, Sweden
Dispersion of silica nanoparticles
30% solution in water
Particle size 7 nm

Bindzil 30/360
eka Chemicals AB, Sweden
Dispersion of silica nanoparticles
30% solution in water
Particle size 7 nm

M o n t m o r i l l o n i t e
Cloisite Na+

Southern Clay
Powder 
CeC 90 meq 100 g–1

Results
S i l i c a s

Two types of commercial silicas wear tested (Bindzil 
cc30 and Bindzil 30/360). These silicas are stabilized diffe-
rent way. While Bindzil cc30 is sterically stabilized, Bindzil 
30/360 is stabilized electrostaticaly. The effect of silica con-
centration on zeta potential and particle size was studied for 
both type of stabilization. The variety of silica concentrations 
were prepared by dilution of original samples. Type of stabi-
lization has crucial effect on silica concentration dependence 
of zeta potential (Fig. 1.). 

The concentration of silica has effect on particle size 
and particle size distribution. example for Bindzil cc30 is in 
Fig. 2.

original sample of Bindzil cc30 has relatively broad 
particle size distribution. Mean value of particle size is about 
40 nm. Measured value is higher than value cited by produ-
cer. Presence of bigger formations was confirmed by transmi-
tion electron microscopy (Fig. 3.).
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Bigger formations are aggregated smaller particles 
(Fig. 3.). These aggregates are broken up by dilution of ori-
ginal samples (Fig. 2.). The same conclusions can be done 
from AFM analysis.

M o n t m o r i l l o n i t e
Zeta potential of water-based dispersion of sodium mont-

morillonite was influenced by filler concentration (Fig. 4.).
The particles with different shape and dimension were 

observed by means of different techniques (TeM, AFM). 
results from AFM are in Fig 5.

Pentagon particles with particle size about 200 nm can 
be observed in section I of Fig. 5. Lengthwise formation with 
highest dimension 100 nm can be seen in part II of Fig. 5. 
round particles with diameter 30 nm are in part III. Thickness 
of all studied particles is practically the same – about 1 nm.

Conclusions
Type of silica particle stabilization influenced behavior 

of colloidal solutions during dilution (particle size and zeta 
potential changes). All used methods (AFM, TeM and ultra-
sound spectroscopy) give similar results. Bigger particles 
(aggregates primary particles) were observed by means of 
AFM and TeM. These aggregates were broken up by dilution 
of original samples. 

Fig. 1.	 Dependence	of	zeta	potential	on	silica	concentration

Fig. 2.	 Particle	size	distribution	on	silica	concentration

Fig. 3.	 TEM	photo	of	original	sample	bindzil	cc	30

Fig. 4.	 Dependence	 of	 zeta	 potential	 on	 montmorillonite	 con-
centration

Fig. 5.	 AFM	photo	of	sodium	montmorillonite	sample
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Commercial sodium montmorillonite is compound from 
elements different shapes and sizes. There are lengthwise for-
mations, circular and pentagonal particles.

This work has been supported by the project FT-TA3/055 
of the Ministry of Industry and Trade of the Czech Republic.
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Introduction
Humic substances (HS) have a profound effect in many 

processes including cell biology of living organisms. As they 
are both hydrophobic and hydrophilic in nature, their func-
tion is closely related to the properties of water shell intima-
tely bound on humic molecules and consequently on humic 
aggregates. A strong affinity of water molecules to stick to 
each other via H-bonds and formation of specific clusters is a 
driving force assembling humic molecules into complicated 
organizations. 

The differences in properties of water surrounding HS 
can be recognized and enumerated using differential scan-
ning calorimetry (DSC). Phase transition behaviour of sor-
bed water in HS-water systems was investigated as a function 
of water content. Three types of water can be distinguished: 
free water whose melting temperature and enthalpy are not 
significantly different from those of normal (bulk) water, 
those water species exhibiting large differences in transition 
enthalpies and temperatures (freezing-bound water), or those 
for which no phase transition can be observed calorimetri-
cally, known as non-freezing water1.

The aim of this work was to shed light on properties 
of hydration water in systems water/regenerated humic 
acids (rHA). DSC represents a technique which can help to 
recognize the differences in properties of water surrounding 
humic matter. The enumeration of water molecules is crucial 
in order to understand how biomolecular processes work.

Experimental
M a t e r i a l

The line of 8 HA was used. All of them were extracted 
from pretreated South Moravian lignite by standard alkaline 
method, purified, and freeze-dried. during the pretreatment 
procedure the lignite samples were soaked in solutions of 
either 5%, 10%, 20% nitric acid, 2%, 5% hydrogen peroxide, 
20% acetic acid or 20% citric acid.

D S C  M e a s u r e m e n t s
A sample was placed in an aluminum pan (~ 5 mg) and 

excess water was added. Surplus water was allowed to eva-
porate slowly at room temperature until the desired water 
content was obtained. Subsequently, the pans were hermeti-
cally sealed and left to equilibrate at room temperature over-
night. DSC was performed by using the TA Instruments Q200 
to measure phase transition of sorbed water. The measure-
ments were conducted ranging from 40 to –90 °C and then 

from –90 to 30 °C at 3 °C min–1 under the flow of nitrogen 
(50 ml min–1).

W a t e r  C o n t e n t  D e t e r m i n a t i o n
The thermogravimetry analysis (TGA TA Instruments 

Q 5000) was used to measure water content of original sam-
ples to obtain the real concentration of water (Wc). The Wc 
was defined as follows: 

grams of water (g/g)
grams of dry samplecW = . (1)

 

The obtained Wc were in range from 0.1 to 1.5 g g–1. 
Assuming both melting enthalpies for freezing-bound water 
(Wfb) and free water (Wf) to be 334 j g–1 water, weights of 
Wfb and Wf (g water g–1 rHA) could be calculated from the 
endothermic heating transitions. The weight of non-freezing 
water (Wnf) was obtained using the expression: 

( )n f c f b fW W W W= − + . (2)

Results
rHA samples with Wc 0.1–1.5 g g–1 were measured. At 

higher water content there could be observed a large heating 
endotherm in the region of 0 °C whose enthalpy of transition 
was close to that of bulk water (334 j g–1). This endotherm 
was ascribed to the melting of the freezing water in the 
hydrated rHA-water system. Some samples also showed 
another endothermic transition below 0 °C when the system 
was heated. This endothermic peak indicated the presence 
of freezing-bound water in a humic sample, i.e. water which 
is already affected by the interaction with humic molecules. 
Its clusters structure differs from those of bulk water and is 
physically recognizable by shifted temperature of melting. In 
fact, the enthalpy of melting differs from that ice which was 
attributed to the freezing water. Due to the different structure 
of ice such enthalpy can drop down to 312 j g–1(ref.2). At 
very low water content nearly all water molecules are pre-
sent in the form of non-freezing water in this system, and a 
slight amount of water molecules are present in the form of 
freezing-bound water which caused the observed endother-
mic fusion peak below 0 °C. Some samples showed more 
distinct endothermic fusion peak on heating curves. Shoul-
ders which can be identified in this peak are possibly cau-
sed by the overlapping of different peaks which reflects the 
presence of several different types of freezing-bound water. 
Since cubic structure of freezing-bound water is thermodyna-
mically metastable3 such assumption is highly probable.

representative DSC heating curve of rHA6 with water 
content Wc 0.7 is given in Fig. 1. where various endothermic 
transitions at different temperatures, attributed to the melting 
of different types of ice, can be observed. 

The total amount of freezing water in rHA samples 
was calculated from the area of endothermic melting peak as 
follows: obtained heat of ice melting (∆H) calculated from 
DSC heating curves was normalized dividing by the weight  
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of the dry rHA. A plot of the enthalpy change, normalized to 
the rHA weight, as a function of the total water content of the 
sample will yield the enthalpy change for the free water as a 
slope (Fig. 2.). The x-intercept is the point at which the total 
water content is equal to the amount of non-freezing water, 
and zero enthalpy change is observed1.

Table I reports the content of non-freezing and freezing-
bound water calculated from DSC experiments. The highest 
modification efficiency regarding hydration properties of HS 
was reached using H2o2 (rHA5, rHA6), 5% HNo3 (rHA2) 
and 20% acetic acid (rHA7) as the pretreatment agents while 
other samples showed lower water retention capacity. 

Conclusions
DSC measurements of rHA showed dependency on 

both concentration and used modifier. The enthalpy change 
of melting increased with decreasing concentration of rHA. 
using of different pretreatment agents plays a significant role 
since some modifications can enhance hydration properties 
of HS. Therefore, this method can bring new information 
considering the function of HS in biological processes.

This work has been financially supported by project 
MSM0021630501.
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Fig. 1.	 DSC	heating	curve	for	RHA6	with	Wc	0.7

Fig. 2.	 Normalized	melting	enthalpy	versus	Wc	for	HA1

Table I
The content of non-freezing and freezing-bound water

 Sample Pretreatment Wnf Wfb Wnf + fb
  agent [g g–1] [g g–1] [g g–1]
 HA1 – 0.267 n.d. n.d.
 rHA2 5% HNo3 0.223 0.190 0.413
 rHA3 10% HNo3 0.081 0.219 0.300
 rHA4 20% HNo3 0.245 0.055 0.300
 rHA5 2% H2o2 0.187 0.291 0.478
 rHA6 5% H2o2 0.035 0.374 0.409
 rHA7 20% acetic acid 0.238 0.142 0.380
 rHA8 20% citric acid 0.078 0.218 0.296
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Introduction
In recent years, possibilities of lignite utilization in vari-

ous non-fuel applications have been investigated. Lignite as 
the youngest brown coal has a low degree of coalification 
which gives it unique chemical composition and specific pro-
perties. Therefore, lignite can be used as an interesting and 
versatile material in several application fields.

Studies on sorption properties have been continuously 
published for lignite or coals in general. Lignite, even in its 
natural state, is reported to have significant sorption affi-
nity for metal ions1,2 as well as for organic molecules, e.g. 
dyes3,4. 

In our laboratory, sorption properties of lignite mined in 
the region of South Moravia (Czech republic) are studied. 
Affinity of this material for fluoride ion has previously been 
published5. This paper introduces preliminary results on a 
sorption of basic textile dyes and petroleum products (gaso-
line, diesel fuel, oils) on the natural South Moravian lignite.

Experimental
Sorption tests were performed using lignite mined in 

the South Moravia, Mikulčice locality. its detailed characte-
rization is published elsewhere6,7. Fraction of lignite partic-
les smaller than 0.2 mm was used and the sample was dried 
at 105 °C in an oven for 24 hours. Dried product was con-
sequently left to moisture re-equilibration at ambient atmo-
spheric conditions in laboratory and final moisture content 
was about 7 %.

Six basic dyes (see Table I) have been studied. Deioni-
zed water was used to prepare the dyes solutions. Uv-vIS 
spectroscopy (Hitachi U3300 spectrometer) was used for the 
determination of a dye concentration in a solution. The wave 
lengths of the absorption maxima of all dyes are given in 
Table I. In adsorption experiments, a change in the intensity 
of these maxima has been used in order to characterize the 
removal of a dye from solutions.

Sorption of dyes were carried out for four different 
amounts of lignite: 0.1 g, 0.2 g, 0.5 g and 1 g. Lignite was 
mixed with 10 ml of a dye solution with dye concentration of 
1,000 mg dm–3 in 50 ml screw capped plastic centrifuge tubes 
with conical bottom and mixtures were stirred on a rotary 
shaker for 24 hours. After this time period, samples were 
centrifugated at 4,000 rpm and 15 °C for necessary time. 
The supernatant solutions were pipetted out and intensity of 
absorption maxima were determined instantaneously using 
Uv-vIS spectrometer.

Similarly, sorption tests were performed for gasoline 
and diesel fuel. 0.5 g of lignite was mixed with 10 ml of 
adsorbate in screw capped glass test tubes and rotated for 
24 hours. Then a liquid portion was poured off and lignite 
was weighted. Consequently, it was dried at 105 °C in an 
oven for 24 hours and weighted again. variation in weight 
was observed.

Adsorption of oils (motor and gear) was studied accor-
ding to the reference8 with slight correction. 2.5 g of lignite 
were weighted and evenly spread on a filter paper placed into 
a round stainless steel dish with a wire mesh (2 mm2) bot-
tom (7 cm in diameter). The dish with lignite was then placed 
into a square glass dish (12 × 12 × 6 cm) with 60 ml of an oil.  

Table I
The wave lengths of the absorption maxima of used dyes

 dye λmax [nm]
 Astrazon blue 3GL (AB) 593
 Maxilon yellow M-3rL (MY) 422
 Maxilon red M-4GL (Mr) 505
 Bezacryl blue FBS (BB) 598
 Bezacryl golden yellow GL 200 % (BY) 437
 Bezacryl red GrL 180 % (Br) 529

Table II
residual dye concentration and percentage of dye removed 
from dye solution after 24 hours

 Dye Lignite Cr [mg dm–3] removing [%]  amount [g]
  0.1 151.403 84.87
 AB 0.2 – 100
  0.5 – 100
  1 – 100
  0.1 3.067 99.69
 MY 0.2 – 100
  0.5 – 100
  1 – 100
  0.1 3.067 99.69
 Mr 0.2 1.087 99.89
  0.5 – 100
  1 – 100
  0.1 9.505 99.05
 BB 0.2 0.869 99.91
  0.5 0.283 99.97
  1 – 100
  0.1 3.969 99.60
 BY 0.2 1.844 99.82
  0.5 – 100
  1 – 100
  0.1 6.537 99.35
 Br 0.2 0.623 99.94
  0.5 0.163 99.98
  1 – 100
– below detection limit
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Lignite was left in contact with oil for 30 min. The stainless 
steel dish with sample was then removed and left to drain 
until the oil layer disappeared (2 hours). Then lignite was 
weighted. The weighting was repeated after 22 hours and 
obtained weights were compared. 

All experimental sorption studies were performed at 
laboratory temperature (25 ± 2 °C).

Results
Sorption abilities of the South Moravian lignite for orga-

nic substaces were investigated. Decolorization of a single dye 
solution was observed, residual dye concentration in solution 
and corresponding percentage removal of a dye were deter-
mined. effect of lignite to solution ratio was studied. results 
are given in Table ii and clearly confirm sorption ability of 
lignite for selected dyes. These results are also guiding for 
further experiments. Proper ratio between amount of lignite 
and volume and concentration of a solution has to be found 
prior for determination of sorption isotherms and kinetics. 

The results of sorption tests using petroleum products, 
summarized in Table III, show the sorption ability of lignite 

towards them. Further experiments are necessary for the 
investigation of lignite as a suitable sorbent for removing oil 
spills.

Conclusions
Sorption abilities of the natural South Moravian lignite 

for organic substances were investigated. obtained results 
show that lignite can be used as an effective sorbent for vari-
ous textile dyes and that it has a positive sorption ability for 
petroleum products too. 

This work was supported by government funding – Czech 
Science Foundation, project. Nr. 105/05/0404.
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Table III
Amount of petroleum products sorbed on 1 g of lignite after 
24 hours of drying

 Petroleum product Sorbed amount [mg]
 gasoline  1425
 diesel fuel 579
 motor oil 350
 gear oil 726
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Introduction
The measurement of surface tension is a fundamental 

method in physical or colloidal and interfacial chemistry, 
assessing important parameter of liquids, surface tension 
(γ), surface activity of molecules in a medium, detecting 
critical micelles concentration (CMC) etc, which is very 
important for processing and industrial applications of given  
substances. 

The Maximum Bubble Pressure (MBP) method is a dy-
namic method of measuring surface tension of liquids. Us-
ing this method, a maximum pressure inside the gas bubble, 
forming at the end of the capillary with a defined radius, is 
measured at an accurately defined rate of the bubble forma-
tion. When the pressure reaches its maximum, the bubble 
radius is exactly equal to that of the capillary, and the time 
of this point is designated as the bubble life-time1. For the 
formation of the bubble in the liquid, the surface energy must 
be overcome. From the surface energy, the surface tension 
of the liquid is calculated using the Laplace-Young equation, 
γ = f · Pmax/2, where f is the correction factor2.

The Du Noüy ring method (DNr) is a static method 
of surface tension measurement. The surface tension, by this 
method, is determined from the maximum force of lifting the, 
usually Pt, ring off the liquid surface just before the rupture of 
the liquid film having been formed on the ring surface3.

Sodium hyaluronate (NaHA), widely known as hy-
aluronic acid or hyaluronan, is a naturally occurred linear 
polysaccharide composed of repeating disaccharide units of 
D-glucuronic acid and N-acetyl-D-glucosamine alternatively 
linked by β-(1 → 3) and β-(1 → 4) glycosidic bonds. due 
to the presence of carboxyl groups HA is a polyelectrolyte 
found namely in connective tissues of vertebrate and also as a 
fermentation product of some Streptococci bacteria strains4,5. 
For its numerous unique properties, HA is used in medicine, 
pharmacy, cosmetics4–6 etc. Surface tension is an important 
parameter for processes and applications such as formation of 
nanofibres from biopolymers, scaffolds in tissue engineering, 
drug delivery, etc. There have been only few papers reporting 
about HA surface activity7, using namely static methods, e.g. 
pendant drop method. The purpose of this contribution was 
to compare the MBP and the DNr method of surface tension 
measurement on measurement series of aqueous solutions of 
a classical surfactant sodium dodecylsulfate (SDS), to man-

age the data proceedings, mainly from the MBP method, and 
apply particularly the MBP method for the series of HA aque-
ous solutions. Discussion of the effect of the HA molar mass 
and the presence of NaCl has been also involved.

Experimental
M a t e r i a l s

The bacterially produced HA of cosmetic quality with 
the molar masses of 4.6 × 105 and 1.69 × 106 g mol–1 pro-
vided by the Contipro, spol. s.r.o.
SDS, p.a. and NaCl, p.a. by Sigma Aldrich
Water for injection by verkon s.r.o.

P r e p a r a t i o n  o f  S a m p l e s
A desired amount of dry HA was firstly stepwise sprin-

kled into a desired volume of water upon gently stirring and 
then let stirred for ca 24 h at room temperature in order to 
achieve a well homogenized stock solution. Afterwards, the 
stock solution was diluted into the series of solutions with 
the water or NaCl solution up to a desired concentration and 
ionic strength and then the series were vigorously agitated for 
at least 2 h. The series of SDS solutions were prepared in the 
same way except the long stirring of the stock solution, which 
lasted only 2 h in this case.

M e t h o d s
The maximum bubble pressure tensiometer BPA-800P 

from kSv Instruments (Finland) and kSv Sigma 701 tensi-
ometer with the Pt ring were employed. The series of the so-
lutions were measured at room temperature (MBP) or 25 °C 
(DNr). Between the measurements of each sample by the 
dNr method, the Pt ring was cleaned in the flame of a burner 
with occasional immersing into 6% (v/v) HCl. From the MBP 
method, the dependence of γ on the bubble life-time (tlife) is 
obtained. The measurements were performed in two different 
modes (Standard and Increasing Flow rate); the results com-
pared and final calculations were done as the average of those 
two measurements. By the DNr method, each sample was 
measured in time until it was stabilized, or for at least 40min. 
As a result, the plot of γ vs. time of measurement (tmeas) was 
gotten. The measurements were tripled and the other calcula-
tions were made from the mean value of all replicates.

Results	and	Discussions
C o m p a r i s o n  o f  t h e  M B P  a n d  t h e 
D N r  M e t h o d

From the MBP method we obtained the plot of dynamic 
surf. tension, γdyn, against the bubble life-time, tlife. To de-
termine the equilibrium surface tension, γeq, of a sample, we 
arranged the plot as γdyn = f(1/√tlife) (Fig. 1.) and γeq was as-
sessed from the following equation for tlife → ∞

γdyn = γeq + sγ /(aγ + tlife1/2), (1)
 

where the parameters sγ and aγ result from the adsorption of 
the surfactant molecules at the solution/air bubble interface, 
as described elsewhere8. This model fitted relatively well the 

•

•
•
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data for both SDS and HA. Fig. 1 shows relatively high val-
ues of γdyn of the HA solutions even at higher concentrations 
( > 1 g dm–3), where they began to be quite viscous, compar-
ing to the gradually decreasing γdyn of SDS solutions with 
SDS concentration.

using the dNr method the dependence of γ on the time 
of measurement, tlife, was gained and the γeq from the DNr 
measurements was determined as the mean of the values 
from the last 10 min of the measurement. Another method 
of γeq assessment can be the extrapolation of the γ data as a 
function of 1/√tmeas, to tmeas → ∞; nevertheless the data are 
theoretical and were comparable with the previous ones only 
except the first very diluted solutions that need more time to 
be stabilized.

From the comparison of the two methods, performed 
on measurements of mainly SDS solutions (Fig. 2.), a clear 
difference can be seen. The values of γ from the MBP were 
higher at lower concentrations of SDS than those of the DNr 
method; however, they later overlapped with each other be-
hind the CMC of SdS. The onset of γ decrease before the 
CMC began also at higher concentration for the MBP meas-
urement as well as the slope of the decline was steeper for 
this method. From the slope, the maximum concentration of a 
surfactant at the air/solution interface, Γmax, and other param-
eters can be calculated using the simplified Gibbs adsorption 
equation9:

dγ = − 2.303 · rT · Γ · dlog C, (2)

where r is the gas constant, T absolute temperature, and C 
molar concentration of a surfactant. The values of Γmax calcu-
lated from the MBP method were thus larger than those from 
the DNr method and the CMC of SDS was also determined 
at higher surfactant concentration using the MBP method 
than from the DNr in water and 0.15 M NaCl as well. All the 
parameters are listed in Table I.

These results clearly demonstrate a different dynam-
ics of these two kinds of adsorption which, in fact, compete 
with each other and one must note more complicating dy-
namic balance between these two kinds of adsorption and 
also micellization taking place in the system during the MBP 
measurement. it might be suggested a higher affinity of the 
surfactant molecules to the flat air/solution interface than to 
the bubble/solution interface considering earlier onset of the 
decrease of γ with SdS concentration and lower CMC, which 
induces more negative change of free energy of micelliza-
tion, ∆G°mic. Nevertheless, as the surface tension drops, this 
decrease is more rapid for the MBP method and Γmax is at-
tained at a narrower range of SDS concentration resulting in 
its larger values, and thus more surfactant molecules adsorb 
at the bubble/solution interface.

S u r f a c e  T e n s i o n  o f  H A  A q u e o u s 
S o l u t i o n s

Figs. 3. and 4. show the surface tension of HA solutions 
from the DNr and MBP method, respectively. A general 
result is that the solutions of HA exhibited the values of γ 
only very moderately different from those of the appropriate 
solvent, being mostly lower. The values γ of the HA solu-
tions had an oscillation trend with increasing HA concentra-
tion. No particular difference between the high-molecular 
weight and low-molecular weight HA was observed from the 

Fig. 1.	 The	dynamic	surface	tension	as	a	function	of	the	square-
root	of	bubble	life-time	for	solutions	of	SDS	(red	symbols)	and	
HA (navy symbols) in water; the figures in the brackets refer to 
the	molar	mass	of	the	HA	in	106	g	mol–1	.	The	lines	represent	the	
model fitted to the experimental data (see in the text)

Table I
The CMC and Гmax of SDS in water and 0.15M NaCl calcu-
lated from the MBP and the DNr method

  CMC Гmax
  [103 mol dm–3] [106 mol m–2]
  MBP
 Water 9.8 5.5
 0.15 M NaCl 1.4 5.0
  DNr
 Water 5.8 3.9
 0.15 M NaCl 0.9 3.3

Fig. 2.	 Comparison	 of	 surface	 tension	 of	 SDS	 from	 the	 MbP	
(full	circles)	and	the	DNR	(empty	circles)	method	in	water	(navy)	
and	0.15M	NaCl	(green)	as	a	function	of	SDS	concentration
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DNr measurements, only at low concentrations in 0.15 M 
NaCl, the high-molecular sample displayed slightly lower  
values of γ.

The similar result was obtained from the MBP measure-
ments; however, the γ values were rather unstable. on the 
other hand, the opposite result to that from the DNr was 
observed in water, i.e. the higher-molecular weight HA dis-
played moderate decline of γ values with its concentration 
(Fig. 4.). All the samples, nevertheless, displayed a bit higher 
values of γ in 0.15 M NaCl than in water for both the meth-
ods. However, the differences are very small. These data are 
not in accordance with those found in the literature7, in which 
the authors observed a decrease of γ with HA concentration 

relating it to viscoelasticity of HA solutions; however, they 
used different method for surface tension measurement than 
us, i.e. the pendant drop method.

Conclusions
The comparison of two different methods of surface ten-

sion measurement, the MBP and the DNr, has been discussed 
on the measurements of series of SDS solutions and solu-
tions of HA, varying in molar masses, in water and 0.15 M 
NaCl. Clear difference between the two methods has been 
seen, suggesting different dynamics and thermodynamics of 
adsorption of molecules at the curved air bubble surface. Al-
though the adsorption of SDS at the bubble/solution interface 
occurred later than at the flat interface, the maximum concen-
tration of the surfactant at the bubble/solution interface was 
larger than at the flat interface.

The HA solutions studied exhibited weak surface activ-
ity and oscillation trend in the change of γ with HA concen-
tration. only small difference in the behavior of the samples, 
due to different molar masses of the HA, has been observed, 
and also the presence of NaCl did not significantly alter the 
behavior of the HA, but the values of γ were generally a bit 
higher in the presence of salt. Some difference between MPB 
and the DNr methods has been observed during the measure-
ment of HA in water, when higher-molar mass HA displayed 
slightly larger surface activity.
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Fig. 3.	 Surface	 tension	 of	 HA	 solutions	 in	 water	 as	 a	 func-
tion	of	HA	concentration	and	molar	mass	 from	DNR	method;	
the figures in the legend represent the molar mass of the HA in 
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Fig. 4.	 The	dynamic	surface	tension	(MbP)	of	HA	solutions	in	
water	as	a	function	of	HA	concentration	and	molar	mass
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Introduction
The soil remediation technologies emphasize the trans-

formation and detoxification of pollutants. For example bio-
remediation enables permanent elimination of pollutants by 
in situ remediation at low cost, however, is limited by many 
factors.1 In contrast remediation using natural surfactants is 
gaining growing interest. Humic acids (HA) – naturally oc-
curring surfactants are recognized to be a possible aid in soil 
bioremediation techniques. For example, the bioavailability 
of polychlorinated biphenyls (PCB) and polycyclic aromatic 
hydrocarbons (PAH) appeared to be increased by addition of 
oxygenous HA to contaminated soils1. 

Lignite represents the youngest type of coal with the 
age belonging between peat and brown coal. one of the most 
attractive ways of lignite exploitation is their use as a source 
of HA2. 

The aim of the work was to increase the surface activity 
of HA by modification of parental lignite and to find tech-
nologically appropriate composition of humic acids useful 
for washing technology of highly polluted soils (i.e. reme-
diation).

Experimental
r e g e n e r a t e d  H u m i c  A c i d

The South Moravian lignite (Mír mine, Mikulčice, Czech 
republic) was used as a source of HA. The samples of “rege-
nerated” HA were obtained from the fraction of lignite by its 
oxidation reaction with two oxidizers (HNo3, H2o2) and two 
other agents (acetic and citric acids, respectively) according 
to following procedure: 20 g of raw lignite was mixed with 
200 ml of appropriate modifier and stirrred 30 min, washed 
until agent-free. Procedure was followed by standard alkali 
extraction according to ref.2. The list of studied samples is 
shown in Table I. 

A part of rHA samples was titrated by 0.1 M NaoH to 
get water-soluble sodium humate (NarHA) and the second 
half remained in the protonated form. The protonated form 
of rHA was used for elemental Analysis (eA). details of the 
eA are given in Table ii.

S u r f a c e  T e n s i o n  M e a s u r e m e n t
For surface tension (ST) measurements Sigma 700 ten-

siometer (kSv Instruments Ltd.) using a 19mm-diameter 
platinum-iridium (Pt-Ir) ring was employed.

13 samples with concentrations from 0.001 to 10 g dm–3 
of individual NarHA were prepared by diluting humic solu-
tions one day before measurement. Before experiment each 

solution was stirred for 5 min in a shallow glass measuring 
dish. The experiment was carried out after 10 min sample 
repose drawing the Pt-Ir ring on the solution surface. The 
time of measurement was 12 hours. obtained data were fitted 
by Szyszkowski equation:

γ0 – γ = a log (1 + bc), (1)

a and b are empirical parameters of Szyszkowski equations 
dependence on the structure of dissolved matter, parameter 
a reflects the nature of surface active substances and has a 
constant value for the surface active moieties of one type of 
molecule, parameter b is different for different molecules 
and characterizes the efficiency of the absorbed molecules 
to decrease ST, and also describes the surface activity. γ0 is 
the ST of the solvent (water at 25 °C: γ0 = 72.1 mN m–1), γ is 
the ST of the solution and c is the concentration of the solute. 
For the maximal surface saturation by adsorbed molecules 
following equation was derived3:

Γmax = a/2.303 RT, (2)

where Γmax is the maximal Gibbs surface excess quantity. For 
predicted surface excess quantity by monomolecular layer, 
the area of one molecule at the surface is:

s = 1/Γmax
. ΝΑ , (3)

where NA is Avogadro’s number (NA = 6.023 × 1023)ref.3.

Results	and	Discussion
The surface tension of NaHA and NarHAs was mea-

sured as a function of their concentration and time. In fact, 

Table I
The list of the studied samples

 Sample Modifier Sample Modifier
 HA – rHA4 2% H2o2
 rHA1 5% HNo3 rHA5 5% H2o2
 rHA2 10% HNo3 rHA6 20% acetic acid
 rHA3 20% HNo3 rHA7 20% citric acid

Table II
elemental analysis of HA and rHAs [% wt.]

 Sample C [%] H [%] N [%] o [%] C/o C/H
 HA 58.1 4.44 1.53 35.9 1.62 13.1
 rHA1 58.5 3.46 2.01 36.1 1.62 16.9
 rHA2 58.2 3.55 2.32 35.9 1.62 16.4
 rHA3 56.5 4.16 3.38 35.9 1.57 13.6
 rHA4 58.0 3.62 2.15 36.2 1.60 16.0
 rHA5 58.5 4.25 1.47 35.8 1.63 13.8
 rHA6 58.0 3.75 2.06 36.2 1.60 15.5
 rHA7 58.2 3.75 2.30 35.8 1.63 15.5
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with increasing concentration of the humic samples the ST 
progressively decreased and equilibrium, i.e. the constant 
value of ST, was reached after 10 hours. Since the sorption of 
amphiphilic humic molecules in the surface layer is a dyna-
mic process governed both thermodynamically and kine-
tically, it is likely that simultaneously desorption processes 
occurred. obtained data of ST in this time were subtracted 
from the surface tension of the solvent (water), the results 
were plotted versus respective concentrations and fitted 
Szyszkowski equation (2) (Fig. 1.). 

Basically, the Szyszkowski equation was derived for 
water solutions of fatty acids and aliphatic alcohols3. We as-
sumed that it could be used also for fitting of humic acids 
solutions ST measurement because the molecules adsorbed 
in the surface were predominantly aliphatic. The justification 
of this opinion is based on chemical character of HS since 
aliphatic molecules in humic acids are mainly lipids and alco-
hols. From the chemical point of view, those are amphiphiles; 
hence they are very likely to be excluded from bulk of water to 
the surface. Parameters obtained from Szyszkowski equation 
fitting are listed in Table iii. There it can be seen almost the 
same value of parameter a for NarHA1, NarHA2, NarHA3 
and NarHA4 which means that these samples include more 
or less the same type of molecules adsorbed at the surface. 
To the other group belong NaHA and NarHA6. In the last 
group is NarHA5. For example for fatty acids the value of 
a parametr is reported 12.97 mN m–1.ref.3. Therefore, data 
reported in Table III are in a good agreement with this value 
and confirms our hypothesis.

The parameter b shows significantly high value 
382.2 ± 274 for NarHA5 in comparison with lower NaHA 
41.9 ± 19.6. Therefore, it can be seen that the modification of 
parental lignite lead to production of humic acids with high 
surface activity. Comparison with literature data3 shows that 
efficiency of NaHA sample falls between C4 (butyric) and C5 
(valeric) acids (19.6 and 68.5, respectively) whereas sample 
NarHA5 falls between C6 (caproic) and C7 (enanthic) acids 
(233 and 555, respectively).

The parameters obtained from Szyszkowski equation for 
all studied samples were correlated with C/o and C/H ratios 
from eA by Pearson correlation coefficient. The significantly 
high negative correlation was between the a-parameter and 
C/H ratio, the value was –0.68. It means that there was a close 
relationship between the type of molecule and aromaticity/al-
iphaticity of the sample. In fact, the larger value of a-param-
eter indicates higher aliphaticity of the sample. Positive weak 
relationship was between b-parameter and C/o ratio, the cor-
relation value was 0.47. That reflects that with higher surface 
activity the oxidation degree of the samples decreases. 

This work has been supported by project MSM 
0021630501.
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Fig. 1.	 Dependence	of	surface	tension	obtained	after	10	hours	
of	 the	 measurement	 of	 different	 concentrated	 humic	 samples,	
fitted by Szyszkowski equation

Table III
Parameters obtained from Szyszkowski equation

 Sample a b Гmax s
  [mN m–1] [dm3 mol–1] [10–3 mol m–2] [10–21 m2]
 NaHA 9.70 41.9 1.70 0.98
 NarHA1 7.67 147.9 1.34 1.24
 NarHA2 7.32 243.2 1.28 1.29
 NarHA3 7.97 169.7 1.40 1.19
 NarHA4 7.77 99.7 1.36 1.22
 NarHA5 8.71 382.2 1.53 1.09
 NarHA6 9.10 88.6 1.59 1.04
 NarHA7 8.25 342.2 1.45 1.15
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Introduction
Lignite is from geological point of view the youngest 

form of fossil fuels. Therefore its energy content is rather 
low. However, much attention has been paid to non-energetic 
applications of lignite recently1. Apart from other interesting 
way of utilization, lignite proved to be an efficient sorbent for 
a number of pollutants.

Although loose finely groung lignite can be used on its 
own, it might be beneficial for a number of industrial applica-
tion to use some immobilised form of lignite, for example for 
water purification. Therefore some process for lignite immo-
bilization has to be found.

Poly(vinyl alcohol), PvAl, is a common vinyl polymer 
with some very special properties. It is highly hydrophilic 
and well soluble in polar solvents including water. Moreover, 
it is absolutely non toxic, biocompatible and biodegradable2. 
The reactive secondary hydroxyl groups can be used for fur-
ther modification3. Crossliking is easily performed by a vast 
array of crosslinking agents4. resulting hydrophilic gels are 
have very interesting properties and various applications, 
many of which include the immobilization of other active 
component (enzymes5, living cells6, heterogeneous catalyst 
particles7 etc.)

Experimental
our experiments were decicated to the preparation and 

study of open-pore hydrophilic sponges with immobilised 
lignite as sorbent. Such articles might be useful e. g. for water 
treatment where some immobilised form of sorbent is always 
preferred. 

In a typical example, 10 g of 20 % wt. aqueous solution 
of PvAl (Mowiol 18-88, Fluka) was mixed with A grams 
of aluminum (fine powder, Fluka). After thorough mixing, 
10 ml of hardener solution was added. The hardener solution 
consisted of two components in variable ratios: Component B 
was a solution of paraformaldehyde in sulphuric acid (10 g of 
paraformaldehyde was dissolved in 100 ml of 60 % wt. sul-
phuric acid). Component C was 60 % wt. sulphuric acid. Af-
ter complete mixing, D grams of groung lignite was disper-
sed into the composition. Individual samples were then given 
a code (A–B/C–D) fully identifying their composition. For 
example, sample 0,05–7/3–2 was produced using 9 g PvAl 
solution + 0,05 g Al + hardener mixture made of 7 ml para-
formaldehyde solution and 3 ml 60% H2So4 + 2 g lignite.

After thorough mixing, the composition was transferred 
into Pe form with perforated lid, where it was left to react for 
24 hours at room temperature. During this time, formalde-
hyde reacted with PvAl and formalised, partially crosslinked 

copolymer was produced – poly(vinyl alcohol-co-vinyl ace-
tate-co-vinyl formal). 

At the same time, aluminum powder slowly reacted with 
sulphuric acid and hydrogen gas evolved. As the volume of 
hydrogen grew, the mixture was slowly foamed up and its 
volume increased 3–15 times, depending on the amount of 
aluminum added. During this process, a solid hydrophilic 
open-cell sponge was created.

After the reaction, the form was open and the cured 
sponge was repeatedly washed with running tap water to 
remove reaction byproducts. After complete washing, the 
spopnges were stored soaked in 0,001 % wt. aqueous SeP-
ToNeX solution to protect then against microbial contami-
nation.

Adorption efficiency was studied by measuring the 
adsorption of Cu2+ ions onto pure sponge and lignite-contai-
ning sponge samples. Copper concentration was determined 
vy Uv-vIS spectrometry by measuring the absorbance at 
808 nm and the amount of of adsorbed copper was expressed 
as mg of copper per gram of sorbent (i.e. per total weight 
of sponge). The sorption capacity of lignite depends on the 
pH and the optimum region is 3.9–5.5. Therefore the samples 
were immersed in acetate buffer solution of pH = 4.5.

Results
optical images of sponge crossection were recorded 

using Nickon eclipse e200 microscope and Nikon d200 
digital camera. FTir spectra were recorded on NiColeT® 
Impact 400 spectrophotometer. Samples of sponges  

Fig. 1.	 Intramolecular	acetalization

Fig. 2.	 Intermolecular	acetalization

Table I
Composition and sample naming of PvAl sponges

  Hardener Lignite Al [g] composition [g] Sample code
  [B + C, ml] 
   2 0.05–5.5/4.5–2
 0.05 5.5 + 4.5 4 0.05–5.5/4.5–4
   6 0.05–5.5/4.5–6
   8 0.05–5.5/4.5–8
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were finely ground to very small flakes and pressed to stan-
dard kBr tablets.

The recorded Ir spectra clearly account for the reactions 
taking place during curing process:

The strongly acidic environment resulting from the har-
dener composition yields complete hydrolysis of resi-
dual acetate groups on PvAl macromolecule. This is 
accompanied by total disappearance of the 1,735 cm–1 
peak corresponding to ester vibration.
The decreasing peak at 3,340 cm–1 proves the consump-
tion of secondary hydroxyl groups for acetalization. 
C–H vibrations characteristic for formal group appeared 
at 2,870 and 2,790 cm–1 and showed increaseing intesity 
with increasing amount of hardener. 
Peaks at 1,189, 1,143, 1,076 a 1,033 cm–1 are associ-
ated with valence vibrations of = C – o – C – groups and 
account for the formation of formal.
Peaks at 2,360 cm–1 prove the presence of carbon dio-
xide in the tablets. 

The adsorption of copper prooved to be dependent on 
the pH of the environment. Singe the sponges originated at 
highly acidic conditions, they tend to release acidity over a 
long period of time. Therefor the pH value had to be adjusted 
by the acetate buffer. results are summarized in the following 
tables and figures.

•

•

•

•

•

Conclusions
our work was dedicated to the immobilization of lignite 

into highly porous hydrophilic sponges made of acetalized 
PvAl. These sponges were prepared by acidic formalization 
of aqueous solution of PvAl. Pores were formed by gaseous 
H2, which originated from the reaction of powder aluminum 
with acid. resulting sponges were of open-cell structure, 
were highly hydrophilic and had variable porosities depen-
ding on the amount of blowing agent (aluminum).

A set of sponge samples with varying lignite content 
was prepared and the properties of resulting sponges were 
studied. We also studied the sorption capacity of lignite-con-
taining sponges on model pollutants (Cu(II) ions).

Fig. 3.	 Samples	0.05–5.5/4.5	and	0.05–5.5/4.5–6

Fig. 4.	 FT-IR	spectra	of	raw	and	acetalised	PVAl

Table II
Sorprion performance

 Sample mCu [mg g–1]
  pH ~ 2,4 pH ~ 4
 0.05–5.5/4.5–2 0.13 6.15
 0.05–5.5/4.5–4 0.69 11.36
 0.05–5.5/4.5–6 1.24 12.03
 0.05–5.5/4.5–8 2.36 13.10
 Lignite * 14.43

Fig. 5.	 Sorption	performance
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Introduction
In this paper comparison of chemical structure and opti-

cal properties of humic acids (HA) isolated from various 
sources are presented. 

excellent sorption properties of HA are well known to 
depend on their chemical structure and composition. 

Therefore HA isolated from different matrices (soil, 
lignite) were studied using FTir and synchronous fluores-
cence spectroscopy (SFS) in emmision mode. FTIr spectra 
contributed to authentic knowing of functional groups in 
HA molecule. The inherent fluorescence of humic acids 
is an extremely sensitive measure, which allows for non-
destructive analyses of samples1,2,3. object of our study were 
HA isolated from lignite (locality Mikulčice, Czech rep.) 
and Modal Chernozem (locality Bratčice, Czech rep.).

Experimental
HA from soil were isolated according to the internatio-
nal standard method IHSS4. HA from coal were isolated 
according to the Czech standard on determination of HS 
content in coal.
FTIr spectra were measured using kBr technique with 
Nicolet Impact 400 spectrometer.
Humic acids were dissolved in 0.5M NaoH and SFS 
spectra were measured by Spectrofluorimeter Aminco 
Bowman Series 2 within the range 320–620 nm 
(at Δλ = 20 nm and temperature 20 ºC). 

•

•

•

Results
F T I r  S p e c t r a

results showed that the main peaks observed in infra-
red spectra were similar for both samples (Fig. 1.). There are 
evident following peaks: small peaks at 3,300–3,400 cm–1 

(oH groups, H-bonds), two small but distinct peaks at 
2,930–2,850 cm–1 (asymmetric C of CH2), sharp peak at 
1,700–1,720 cm–1 (C = of CooH), peak at 1,650–1,655 cm–1 

(carboxylate and amido groups), peak about 1,620 cm–1 

(C = C in aromatic structures, C – o stretch), composed band 
in 1,000–1,220 cm–1 (aliphatic C – o stretch, oH groups and 
polysaccharides). 

S F S  S p e c t r a
in SFS spectral range (Fig. 2.) four main fluo-

rophore peaks were identified: at 488, 502, 470, 512 nm 
(at Δλ = 20 nm). SFS spectra of Modal Chernozem sample 
showed further peak at about 359 nm. The peak determined 
at emission 488 nm corresponded with excitation at 468 nm. 
This value of wavelength was more intensive then others. 
Maximum fluorescence intensity was shifted from shorter to 
longer wavelength caused by an increasing number of aro-
matic compounds in HA molecule. relative fluorescence 
indexes (rFI) were calculated as ratio I488/I502. The fluores-
cence indexes it is supossed to be closely connected with 
humification degree. Higher rFi index was found in Modal 
Chernozem humic acid (1.13). rFI index of Lignite humic 
acid was lower (1.02). So we suggested higher humification 
degree in Modal Chernozem humic acid. These values could 
be also related with samples origin (mean residual time and 
geological age). 

Fluorescence of studied samples was compared with 
fluorescence behaviour of leonardite humic acid standard 
(IHSS). According to the literature, studied samples were 
included into the second group of humic substances2. HA in 
this group had two closely – spaced main excitation peaks at 
450, 465 nm and emission maximum about 500–520 nm.

Conclusions
We can conclude that HA isolated from different mat-

rices had both FTIr and SFS spectra very similar except 
lower wave numbers and wavelengths. Lignite and Modal  

Fig. 1.	 FTIR	 spectra	of	HA	 isolated	 from	Lignite	 and	 Modal	
Chernozem

Fig. 2.	 Synchronous fluorescence spectra of Lignite and Modal 
Chernozem humic acids at Δλ = 20 nm
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Chernozem humic acids contained the same type of fluo-
rophore groups. More intensive fluorescence behaviour gave 
sample of Modal Chernozem HA. Differences in position of 
fluorophore peaks were not established.
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No. MSM6215648905 “Biological and technological aspects 
of sustainability of controlled ecosystems and their adaptabi-
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Education, Youth and Sports of the Czech Republic.
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Introduction
In the past decades, the increase in the world population 

and economy has resulted in a raising demand for various 
raw materials for industries such as raw materials for pulp 
and papermaking1–4. Many researchers have investigated 
the effects of the application of ultrasonic energy to pulp1,3, 
recycled fiber4, enhancement isolation of different compounds 
and component of wood or straw materials such as lignin2,5,6, 
carbohydrate such as cellulose and hemicellulose7,8. The of 
review Willems (1962)9 describes the use of ultrasound in 
pulp and paper technology for various processes like debar-
king, defibration, beating, impregnation and penetration, pul-
ping, bleaching, stock preparation and grafting. The use of 
the ultrasound proceduce has evidenced their major potencial 
in the process of decreases or partial replacement of hazar-
dous chlorine compounds during pulp bleaching alternative 
chemicals. Hemicellulases have been used to increase lignin 
extractability by partial degradation of the lignin-hemicellu-
lose complex in the fiber, thus to improve the bleachability 
of pulp.1,3,10–12

Experimental
r a w  M a t e r i a l

NIST standard reference material 8495 Northern Soft-
wood Bleached kraft Pulp was used in this study.

U l t r a s o n i c  T r e a t m e n t
Sonications were carried out at 25, 40 and 80 kHz. For 

the ultrasonic treatment, 1 g portions of pulp (o.d.) were 
sonicated in 1L water using an ultrasonic generator (Model 
eCoSoN).

W a t e r  r e t e n t i o n  v a l u e  ( W r v )
0.5 g of wet sample was swollen in 22 cm3 deionized 

water for 6 hours, After this results treatment, the samples 
was centrifuged at 2,200 rpm. for 12 min. The dewarted sam-
ple was dried to a constant weight at 105 °C.

D r I F T  F T I r  S p e c t r a
DrIFT FTIr spectra were obtained by means of a 

digilab excalibur FTS 3000MX FTir spectrometer. Finely 

divided 13 mg samples of the material surface were groun-
ded and dispersed in a kBr (260 mg). The DrIFT FTIr 
spectra were recorded with the nominal resolution of 4 cm–1 

using DrIFT FTIr technique. Spectra were recorded over 
the range 400–4,000 cm–1 . each spectrum is the average of 
30 individual scans. The experimental DrIFT spectra were 
mathematically evaluated using oMNIC (Thermo Nicolet 
Corp.) and MicroCal origin software.

A c i d  H y d r o l y s i s
The resulting suspensions were then hydrolysed into 

microcrystals by refluxing for 5 h in 3.5M HCl.
Then the mixture was filtrated and 5 ml filtrate was 

added to solution of 1M NaoH buffer with pH = 7. Felingh 
solution I (10 ml) and Felingh solution II (10 ml) was added. 
This solution was warmed up to boiling point in 3 min. and 
following the reflux for 2 min. After heating to this sample 
was cooled and filtrated. Precipitated compound Cuo2 was 
dissolved in 20 ml 1M HCl and solution was neautralized to 
pH 8. Finally, this solution was titrated with the chelatone II 
(c = 0,01 M) using indicator murexid.

Results
The water retention value (Wrv) has been extensively 

used to study several properties of cellulose materials. The 
accessibility of the cellulose material for swelling depends 
on several factors. The essential factors limiting the access 
of swelling of the fibres are: macro and microstructure of 
the fibres and and, in this manner, on the internal structure 
of cellulose and other factors such as capillary system and 
lumen expansion3. The mechanical effects of ultrasound pro-
vide a greater penetration of solvent into cellular materials 
and improves mass transfer11. The development of irradiation 
during ultrasonic treatment of softwood kraft pulp and diffe-
rent frequency 25, 40 and 80 kHz on the change of the Wrv 
is shown on Fig. 1. on the basis of obtained results it might 
be said that increasing frekvence from 25 to 80 kHz in time 
up to 10 min. affect WrV insignificantly.With the longer 

Fig. 1. The influence of the ultrasonic treatment with the diffe-
rent	frequency	25,	40	a	80	kHz	on	the	change	of	the	water	reten-
tion value (WRV). -■- 25 kHz; -○- 40 kHz; -∆- 80 kHz



Chem. Listy, 102, s265–s1311 (2008) Physical & Applied Chemistry

s1150

time of ultrasonic treatment (15 min) was found increase of 
Wrv at 40 and 80 kHz. At 25 kHz was value of Wrv didn’t 
change. This effect of ultrasonic treatment is also confirmed 
by another work Wojcak and Pekarovicova, 20013.

The effect of the ultrasonic treatment on the pulp relates 
to the changes in the porosity of irradiated pulp3. These results 
were investigated in the work Laine and Goring (1977)1 by 
the solute exclusion technique. They suggested that the ef-
fect of ultrasonic seems to be caused by transformation of the 
fibres small pores into larger ones. According to Wojcak and 
Pekarovicova (2001)3 was observed that ultrasonic treatment 
increases the porosity of pulp. Several attempts have been 
made to characterize and quantify the degree of crystallinity 
of pure celluloses using intensities of certain bands in the 
infrared spectra.13–15

The ratios of bands-heights at 1,429 and 894 cm–1 , at 
1,372 and 2,900 cm–1 have been used as relative measures 
of cellulose crystallinites. The change in overall crystallinity 
has been studied by the determination of the absorbance area 
ratio 1,372/2,900 cm–1 (Fig. 2.). For the area of the band at 
2,900 cm–1 , the baseline was drawn between the shoulders at 
3,005 cm–1 and 2,590 cm–1 while for the area of the band at 
1,372 cm–1 , the intensity of shoulder at 1,392 cm–1 and maxi-
mum at 1,350 cm–1 were used giving a common baseline for 
the group of bands, which occur close together in this region. 
The differences in the absorbane ratio of up to 0.022 units are 
insignificant for different frequencies which were used for 
ultrasonic treatment at 25, 40 and 80 kHz. 

on the Fig. 3., there is shown the course of acid hydro-
lysis during the ultrasonic treatment with different frequency 
80, 40 and 25 kHz. Samples of ultrasonification in water have 
exhibited higher acid hydrolysability than untreated ones. 
During the ultrasonic treatment increase of total content of 
saccharides at all frequencies was observed. The prolonged 
ultrasonification up to 15 minutes caused significant incre-
ase in hydrolysability. At the frequency 40 kHz was achieved 
significant increase of total content of saccharides at time  

of 5 and 10 minutes of ultrasonic treatment comparing soni-
cation at frequencies 25 and 80 kHz. At the time of 5 minutes 
the increase of total content of saccharides was about 90 % 
higher comparing to ultrasonic treatment at 25 and 80 kHz 
and about 106 % higher at 10 minutes of ultrasonic treat-
ment.

Conclusions
Suspensions of northern softwood bleached kraft pulp 

were subjected to ultrasonic treatment at different ultrasonic 
frequencies 25, 40 and 80 kHz. results revealed an increase 
in cellulose’s accessibility in terms of water retention value 
(Wrv) with increasing ultrasonic treatment time with the dif-
ferent frequency 25, 40 and 80 kHz of ultrasonic treatment. 
Furthermore, the acid hydrolysis of cellulose has been also 
successfully improved by the ultrasonic treatment. However, 
no significant changes in crystallinity of cellulose were noted 
after ultrasonic treatment which was characterized by means 
of FTIr.

This work has been supported by ME SR VEGA (Con-
tract No. 1/0770/08).
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-○- 40 kHz; -∆- 80 kHz
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Introduction
The high affinity of humic acids (HA) to transition metals 

is caused by large amount of binding sites in their structure. 
There is a large number of various coordination sites that are 
able to bind transition metals by various strengths. The most 
important functional groups are the carboxylic and phenolic 
ones.Copper was used as a model metal for experiments due 
to high affinity to HA and stability of formed complexes.

In previous works, quantum chemical calculations of 
interaction enthalpies1 and also measurement of complexa-
tion kinetic2,3 were carried out. on the basis of obtained 
results the following models have been chosen for this study: 
citric acid, hydroquinone, pyrocatechol, salicylic acid and 
edTA. New band in uV/ViS spectra was detected as a result 
of complex formation for hydroquinone and pyrocatechol. 
others were chosen mainly for their high affinity to metal 
ions, e.g. salicylic acid is frequently considered as the most 
suitable coordination site in structure of humic acids, which 
has been confirmed also by quantum chemical calculations 
in our works1,3.

Experimental
Ultrasonic spectrometer with high resolution Hr-US 

102 (ultrasonic Scientific, ireland), was utilized for measu-
rement of basic ultrasonic parameters. The device consists 
of two independent cells tempered at 25 °C. Both cells were 
filled by the same model compound (e. g. hydroquinone) and 
then 1.25M CuCl2 (20 µl) was added into one cell. velocity 
(U) and attenuation (N) in both cells was measured, the resul-
ting differences between both cells (U12 and N12) were com-
puted. 

Uv/vIS spectra were measured by means of U–3300 
Hitachi spectrophotometer.

Results
Time dependencies of U12 for all used model are shown 

at Figs. 1 and 2. We can see that hydroquinone and pyroca-
techol (Fig. 1.) need relatively long time for stabilization of-
ter addition of CuCl2 than others. 

Pyrocatechol, which has very strong new band in its Uv/
vIS spectrum after CuCl2 addition, has minimum on its time-
curve much higher not only than models without new band 
in spectra (citric and salicylic acid, edTA – Fig. 2.) but also 
than hydroquinone. It seems, that relatively strong complex 

is formed in this case, but the affinity of Cu2+ ions to this 
model is not too high, which corresponds with lower rate of 
the process.

on the other hand, high velocity and short time measu-
red for salicylic acid (Fig. 2.) confirmed high ability of this 
structure to bind cupric ions in stable complexes. Quantum 
chemical calculations of interaction enthalpies1 resulted in 
model of salicylic acid as a most attractive for complexation 
of metal ions. It is not surprising that complexation of cup-
ric ions gives similar or better results, before its functional 
groups give possible similar chelating effect. In the case of 
edTA is complexation rate probably influenced by molecule 
sizes and steric effects. But comparison with pzrocatechol 
and hzdroquinone shows that also this structure is more pre-
ferable. High affinity of cupric ions to these three structures 
probably causes that their interactions are faster than others.

Conclusions
Preliminary results of high resolution ultrasound 

spectroscopy are presented in this contribution. obtained 
data correspond with conclusions in our previous works.1–3 
Salicylic acid, as well as citric acid and edTA, seem to be 
attractive coordination sites for complexation of cupric ions. 

Fig. 1.	 The	 time	dependence	of	U12	 for	pyrocatechol	 (upper)	
hydroquinone	after	addition	of	CuCl2

Fig. 2.	 The	time	dependence	of	U12	for	citric	acid	(upper),	sali-
cylic	acid	(middle)	and	EDTA	after	addition	of	CuCl2
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on the hand very interesting results were obtained for hyd-
roquinone and pyrocatechol even though, their interaction 
enthalpies computed in ref.1 are much lower than values 
determined for others, these structures contribute also to 
complexation capacity of humic acids. It corresponds with 
experimentally measured interaction enthalpy oh humic 
acids3, which is approximately three times lower that that of 
salycilic acid, and ePr and FT-ir spectra of formed comple-
xes discussed in our work4.
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Introduction
High sorption ability of humic acids (HA) is well known. 

Many authors1–4 use Langmuir model for mathematical 
description of adsorption and computing HA sorption capa-
city. even thought this model is in relatively good agreement 
with experimental data, its utilization is connected with some 
inaccuracies in this case, because it does not take into account 
the production of hydrogen ions during reactions of metal 
ions with acidic functional groups on the surface of humic 
particles. Therefore the new type of adsorption isotherm, 
respecting the nature of surface chemical interactions, was 
proposed for adsorption of metal ions on solid humic acids 
and proved experimentally in previous work5.

Experimental
HA were obtained from South-Moravia lignite by means 

of the alkaline extraction5–6 and characterized in7.
The ratio 1 g of HA and 50 cm3 of the Co2+ (or Ni2+) 

salt solution was employed for the sorption experiments. The 
quantity of adsorbed metal ions was calculated on the basis 
of the decrease of absorbance (Hitachi U–3300 spectrometer) 
and calibration curves. The amount of liberated H+ ions was 
measured using pH-meter Sentron Titan k185-016.

Results
The model was derived for bivalent cations and proved 

experimentally for sorption of cupric ions. This work deals 
with kinetics of sorption of cobalt and nickel ions on HA to 
prove above mentioned new model for metal ions with lower 
affinity to HA. Following equation was derived for descrip-
tion of adsorption kinetics for binding sites unable splitting 
of H+ ions:

where

L

0

2

L

00 41
b
c

b
cfks +







 +−
= ads , (2)

c is concentration of metal ions in given time, c0 is their initial 
concentration and ceq is their concentration in equilibrium; f0 
is the initial concentration of free binding sites (adsorption 
capacity), bL is adsorption coefficient determined on the basis 

of adsoption isotherm and t is time. Because equations (1) 
and (2) are valid for constant pH-value, only data for t ≥ 60 
min (after pH stabilization) were used for computing values 
of kads. obtained results in comparison with those published 
in ref.7 for Cu2+ ions are listed in Table I.

We can see that values obtained for Co2+ and Ni2+ ions 
are lower comparing with those of Cu2+ ions. It is caused by 
lower HA affinity to these metals and therefore slower adsorp-
tion. However, experimental data are in very good agreement 
with (1) and (2) (see Fig. 1.) and the dependence of kads on 
temperature can be described by Arrhenius equation similarly 
as in the case of Cu2+ ions. it confirmes that developed model 
can be used also for adsorption of metal ions with lower affi-
nity to HA and chemical bonds are formed in this process.

Conclusions
The new model published in7 devises binding sites in 

humic acids into two parts: acidic functional groups, which 
split of hydrogen ions during surface reaction in adsorption 
and other binding sites as e.g. aromatic structures, which 
are not able to change pH value in system. one of the most 
important advantages of the model is that computed adsorp-
tion coefficients are not dependent on pH value as well as 
adsorption and desorption rate constants obtained from kine-
tic equation. We are able to determine directly only rate con-
stants for adsorption and desorption, which does not cause 
splitting of H+ ions. 

, (1)

Table I
Adsorption rate constants

 T [°C] kads (Co2+) kads (Cu2+) kads (Ni2+)
  [dm3 mol–1 s–1] [dm3 mol–1 s–1] [dm3 mol–1 s–1]
 30 1.44 × 10–6 3.55 × 10–5 6.57 × 10–6

 50 3.62 × 10–6 6.28 × 10–5 8.02 × 10–6

 70 1.17 × 10–5 1.05 × 10–4 9.67 × 10–6

Fig. 1.	 Example	of	experimental	data	obtained	for	adsorption	
of	Ni2+ ions at 50 °C fitted by eq. 1 (circles – H+	ions	are	splittin	
off,	triangles	–	no	changes	of	pH)
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Introduction
Solid humic acids (HA) are traditionally defined accor-

ding to their solubility. They are usually considered to be only 
partially soluble in water. The dependence of their solubility 
on pH-value is motivation for further fractionation. Prelimi-
nary results of the fractionation by HA dissolving in buffers 
with various pH values were published in ref.1. 

The same method is utilized also in this work. Acid-base 
properties of obtained HA fractions as well as their solubility in 
water are studied and compared with behaviour of original HA. 

Experimental
HA were obtained from South-Moravia lignite by means 

of the alkaline extraction2–3 and characterized in4.
Batch method of fractionation using universal buffer 

solution (NaoH-H3Po4-CH3CooH-H3Bo3) of different pH 
values (4–12). Finely grounded HA (1 g) were mixed with 
buffer solution (50 cm3) and stirred for 24 h. Insoluble resi-
due was separated by vacuum filtration and concentrated HCl 
solution was added to the filtrate (up to pH = 1) in order to 
precipitate soluble HA fraction. The precipitate was washed 
by deionized water to remove chloride ions and dried at 
50 °C.

obtained fractions were characterized by Uv/vIS 
(Hitachi U–3300) and FT-Ir spectroscopy (Nicolet Impact 
400). Content of CooH was determined by standard acetate 
method5. Acid-base properties of individual fractions as well 
as undissolved residues were studied by dissolving in deioni-
zed water (4–40 g dm–3)3,6.

Results
HA fractionation and study of behaviour of obtained 

samples showed many interesting results. While pH-values 
of buffers, which were before fractionation acidic decreased 
(up to 3.5), others were after fractionation approximately 
neutral, even thought dissolved HA amount was much hi-
gher. It was found that contain of acidic groups in majority of 
individual fractions is higher than the content of original HA 
samples (see Table I). our hypothesis is that HA structure is 
changed during fractionation. HA can interact with individual 
components of buffer and re-arranged their structure, which 
results in apparently higher acidity of obtained fractions. The 
re-arrangement of HA structure probably causes, that some 
acidic groups inside HA aggregates, which are not able dis-
sociate in original HA sample, can contribute to measured 
acidity in individual fractions.

An exception is undissolved HA residue (initial pH = 12), 
which has lower acidity that original HA. Surprising is that 
this fraction (after “exhaustion” of the largest amount of 
HA fraction) has several times higher solubility in water as 
others. extracts had to be 30-times dissolved in order to mea-
sure Uv/vIS spectra. Contradictory results were obtained 
in measurement of pH and conductivity. extracts of fraction 
undissolved at pH = 12 had lower conductivity and very high 
pH values in comparison of other fractions as well as original 
HA sample. on the other hand, this fact corresponds with our 
hypothesis of re-arrangement and possible interactions with 
buffer, because the most “aggressive” buffer caused the most 
marked changes in HA properties.

In previous works3,6, has been deduced model of HA 
behaviour in water and aqueous solutions, which included 
dissociation both dissolved HA and undissolved solid par-
ticles. We applied this model of obtained undissolved resi-
dues, but their dissolving is different probably as a result of 
structural changes caused by fractionation (see above). It was 
derived that equilibrium constant K between dissolved and 
dissociated HA is

Table I
Content of CooH groups in individual samples

 Sample (fraction) Initial pH-value CooH [mmol g–1]
 original HA – 3.3
 undissolved 4 4.2
 undissolved 6 3.6
 undissolved 8 3.5
 undissolved 10 4.2
 undissolved 12 2.0
 dissolved 8 6.3
 dissolved 10 7.5
 dissolved 12 5.3

Fig. 1. Experimental data obtained for initial pH = 6 (triang-
les)	and	10	(circles)
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which can be linearized as
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where × is concentration of H+ ions, m is content of HA in 
initial suspension and k is constant. While data measured for 
original HA agree with (2) very well and they give strong 
line3, dependencies obtained for our fraction are curved and 
curvature increases with decreasing initial pH-value. It is 
other confirmation of structural changes in HA and also diff-
erent behaviour of individual samples.

Conclusions
Acid-base properties of HA fractions obtained by means 

of extraction in buffers with various initial pH-values are 
studied in this work. It was found that re-arrangement and 
changes of HA structure are caused by this way of fractio-

nation. It results in higher acidity both dissolved and undis-
solved fractions in comparison with original HA sample and 
very high solubility of the last residue (initial pH = 12) with 
lowest conductivity and acidity of its extract in water.
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Introduction
Plasma technologies have been already established a 

key role in many industrial products such as microelectronic 
devices, solar cells, protective or anticorrosion coatings on 
machining tools or automobile parts. However, they are still 
extensively studied as a tool for deposition of new materials 
and for better understanding of the existing processes.

Using high temperature methods, carbon nanotubes 
(CNTs) can be produced from carbon vapours generated by 
an arc discharge or by laser ablation of graphite. Alternative 
methods are covered by the term chemical vapour deposition 
(CvD). CvD offers some advantages over other mechanisms 
particularly in allowing synthesis on specialized surfaces and 
substrates. By this method, nanotubes can be produced with 
high purity and in well-ordered arrays of relatively uniform 
geometry. The CvD group can be further divided into ther-
mal CvD processes and processes utilizing plasma dischar-
ges, the so called plasma enhanced CVd (PeCVd). The 
PeCVd technique employes combination of physical and 
chemical processes and is based on the molecule dissociation 
in the gas phase by impact of energetic electrons and atoms 
in metastable states followed by chemical reactions of gas 
radicals. PeCVd technique is also one of suitable methods 
for the deposition of diamond-like carbon (DLC) and crys-
talline diamond thin films. The PeCVd method enables to 
adjust the film properties and composition by choosing the 
right deposition parameters and hence make them convenient 
for a wide variety of applications.

optical emission spectroscopy (oeS) analysis is relati-
vely simple tool for the investigation of plasma used for the 
deposition or synthesis. Among others, it can be used for the 
determination of neutral gastranslational temperature that is 
one of the important factors of the CvD processes. Hence, the 
oeS together with numerical treatment of measured spectra 
was applied in this work to determine the gas temperature of 
different plasma processes.

Description	of	Plasma	Processes	Studied
optical emission spectra were measured in the three 

types of experiments:

atmospheric pressure microwave (mw) torch used for 
the synthesis of carbon nanotubes
low pressure mw ASTeX-type discharge used for the 
deposition of ultrananocrystalline diamond (UNCD) 
films
low pressure r.f. capacitive discharge used for the depo-
sition of nanocomposite diamond-like carbon films

M W  T o r c h  f o r  S y n t h e s i s  o f  C N T s
The microwave (mw) plasma torch at atmospheric pres-

sure has been sucessfully used for carbon nanotube (CNT) 
synthesis1,2. The whole experimental set-up (see Fig. 1.) used 
for the synthesis of CNTs and plasma diagnostics is described 
below. Microwave power is supplied by a 2.45 GHz, 2 kW 
generator via a standard rectangular waveguide. At the end of 
the waveguide there is a broadband transition to a coaxial line 
realized by means of a ridge waveguide. The inner conductor 
of the coaxial line is hollow double-walled tube accommo-
dating a dual gas flow. A conical hollow nozzle electrode is 
fixed to its top. The nozzle is made of iron with a central gas 
flow channel. A set of holes in the outer tube wall allows for 
separate gas feeding by an outer channel. The central con-
ductor is held in place by boron nitride ceramics. The outer 
conductor of the coaxial line is terminated by a flange.

The plasma expands from the central nozzle forming a 
torch discharge. A quartz tube separates the discharge from 
surrounding atmosphere. At the bottom it is sealed by a teflon 
piece to the flange of the outer coaxial conductor. At the top 
it is closed by an upper flange with an exhaust tube and a 
sealed feedthrough for a substrate holder. The substrate hol-
der is another quartz tube fixed at the upper flange. This tube 
is closed at its top by a quartz window. At the opposite side, 
i.e. close to the discharge nozzle, two slits are cut through the 
tube. Substrates for the deposition (15 × 10 mm2) are inserted 
into these 1 mm wide slits and pressed down slightly by the 
weight of a 20 mm piece of a narrower quartz tube. 

For the CNT deposition 1,500 sccm of argon was flowing 
through the centre of the nozzle and an H2/CH4 mixture was 
added from the outer channel. The mw power was fixed at 
400 W. The deposition of CNTs was carried out at atmosphe-
ric pressure on the silicon substrates (10–15 mm) with silicon 
oxide layer covered by iron (Fe) catalytic thin film. 

The silicon oxide was prepared by PeCVd in r.f. capa-
citively coupled low pressure glow discharge from the hexa-
methyldisiloxane/oxygen mixture and subsequently annealed 
at 970 k for 30 min. An iron film, 2.5–1 5 nm in thickness, 
was vacuum evaporated on the top of the silicon oxide

optical emission spectra were recorded by means of the 
Jobin-yvon TriAX 320 spectrometer with a fibre optics and 
CCd detector. The fibre was fixed at different distances from 
the nozzle along the discharge axis in order to study spatial 
changes in the plasma emission. The measurement spot inte-
grated by the optics was 10 mm. Appropriately, the spatial 
profiles were carried out with the same step. 

•

•

•
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M W  A S T e X - t y p e  D i s c h a r g e  f o r 
U N C D  D e p o s i t i o n

The bell-jar microwave plasma CvD reactor for UNCD 
deposition3 is shown in Fig. 2. The basic features of this 
reactor included a 10 cm in diameter silica bell-jar, that con-
fines the plasma discharge, and 5 cm diameter substrate hol-
der. The microwave generator (Muegge) used a magnetron 
to generate 2.45 GHz microwave radiation that was directed 
by a rectangular air filled metallic waveguide. A circulator 
allowed the microwave radiation to travel towards the CvD 
reaction chamber, but redirected any reflected microwaves 
into a water-cooled dummy load. In this way, any excess 
energy was dissipated, thus preventing damage to the magne-
tron. An antenna coupled the energy from the waveguide into 
the reactor, which was cylindrical in shape. The position of 
the plasma ball could be changed by bottom matching piston. 
The substrate was heated by the discharge.The gas mixture 
and the pressure range utilized were CH4/H2 and 4–25 kPa, 
respectively. The power range was typically 0.5–2 kW.

Continuous nucleation of diamond nanocrystals 
was achieved by capacitive coupling of r.f. power (35 W, 
13.56 MHz) to the central graphite plate of the substrate hol-
der. The outer graphite ring served as a grounded electrode. 
Due to different mobility of electrons and ions this resulted 
in a generation of dc self-bias accelerating the ions across the 
sheath adjacent to the graphite plate, i. e. to the substrate.

r F  C a p a c i t i v e  D i s c h a r g e  f o r 
D e p o s i t i o n  o f  N a n o c o m p o s i t e  D L C 
F i l m s

The dlC films with various Siox content were prepa-
red in r.f. capacitive discharges at low pressures (8–11 Pa) 
from a mixture of methane (CH4) and hexamethyldisiloxane 
(HMDSo)4. This basic mixture was used either without any 
additional gas or with an admixture of argon, hydrogen or nit-
rogen. The reactor was a glass cylinder with two inner parallel 
plate electrodes made of graphite. The bottom electrode, with 
the diameter of 150 mm, was coupled to the r.f. generator 
(13.56 MHz) via a blocking capacitor. The substrates (silicon 
single-crystal, glass, steel and polycarbonate) were placed on 
the r.f. electrode, the r.f. voltage of which was superimposed 
with a negative d.c. self-bias. The r.f. power was in the range 
50 to 350 W. The corresponding self-bias voltage varied from 
–250 v to –600 v depending on the gas mixture, applied 
power and deposition pressure. The CH4 flow rate was varied 
in the range from 1.4 sccm to 2.85 sccm. The HMdSo flow 
rate varied from 0 to 0.87 sccm. The flow rate of admixed gas 
(Ar, H2 or N2) ranged from 0.35 sccm to 7 sccm. 

optical emission spectra were recorded by means of the 
jobin-Yvon TrIAX 550 spectrometer. Spectrum of N2

+ (first 
negative system) was studied for the determination of rotati-
onal temperature.

Fig. 1.	 Microwave	torch	used	for	synthesis	of	carbon	nanotubes	 Fig. 2.	 Microwave	ASTex-type	reactor	used	 for	UNCD	depo-
sition
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Calculation	of	Rotational	Temperature	from	Optical	
Emission	Spectra

We have developed the program dMeSS5 for the deter-
mination of rotational temperature of diatomic molecules that 
is based on the least square method in which the difference 
between the measured and simulated data is minimized. 

Nowadays, the program can be used for following vib-
rational transitions: N2

+ (first negative system), CN (violet), 
N2 (second positive system) and C2 (Swan system). The line 
positions of the molecular spectra are calculated either using 
equilibrium constants that determine the vibrational and rota-
tional constants for the particular electronic transition or, in 
case of N2

+, CN and C2 molecules, from tabulated spectros-
copic constants for each vibrational level. The latter approach 
allows more accurate determination of the energies, i.e. the 
line positions, of the specific vibration levels. The intensi-
ties are convoluted with Lorentzian, Gaussian or triangular 
lineshapes. The program uses following fitting parameters: 
rotational temperature, line broadening, spectral shift of mea-
sured data and background intensity. In general, the broade-
ning corresponds to the sum of the broadening determined by 
the resolution of the spectrometer, i.e. apparatus function, and 
the broadenings caused by physical processes. Two methods 
can be used for the fitting of spectra within the program, the 
Nelder-Mead method (known as downhill simplex method) 
and the Levenberg-Marquardt algorithm. The fast Nelder-
Mead method starts the fitting with the user estimated values 
of the parameters in order to find approximately the position 
of the global minimum. Then, the more sophisticated Leven-
berg-Marquardt algorithm can be used for finding more pre-
cise parameter values.

Results	and	Discussion
For the mw torch discharges the gas temperature in the 

case of deposition mixtures was estimated as the rotational 
temperature from the (0,0) rotational emission band of the C2 
Swan system. 

Dependence of the rotational temperature on the posi-
tion of the optical fibre with respect to the nozzle electrode 
was measured. The calculated rotational temperatures by pro-
gram dMeSS show the increase of temperature approxima-
tely to position 10 mm above the nozzle electrode, where is 
the temperature 4,200 ± 70 k, and the subsequent decrease, 
30 mm above the nozzle temperature is 3,100 ± 70 k. The 
comparison of measured and simulated rotational structures 
of C2 (0,0) is shown in Fig. 3.

Similary, for the ASTeX-type discharge the temperature 
was determined from C2 (0,0), T = 2,700 ± 150 k, but in this 
case only at one position of optical fibre. The total broade-
ning of spectral lines affected the determination of rotational 
temperature. The estimated error was higher in less resolved 
spectrum of ASTeX-type discharge (Fig. 4.) then in micro-

Fig. 3.	 Measured	 spectrum	of	C2	 (0,0)	 rotational	band	of	 the	
Swan	system	is	compared	with	simulation	in	case	of	mw	torch	used	
for	the	synthesis	of	CNTs.	The	total	line	broadening	was	0.07	nm	

Fig. 4.	 A	 comparison	 of	 measured	 and	 calculated	 spectra		
of	C2	(0,0)	Swan	system	in	ASTex-type	discharge	used	for	UNCD	
deposition.	Total	line	broadening	was	0.12	nm

Fig. 5.	 A	 comparison	 of	 measured	 and	 calculated	 spectra		
of	N2

+ (0,0) first negative system in the r.f. capacitive discharge 
used	for	deposition	of	nanocomposite	nitrogen-containing	DLC	
films. Ttotal line broadening was 0.06 nm
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wave torch discharge (Fig. 3.). Total broadening in mw torch 
was about 0.07 nm and in ASTeX-type discharge 0.12 nm.

The rotational temperature in case of r.f. capacitive 
discharge used for the deposition of nanocomposite dlC films 
was estimated using the N2

+ (0,0), first negative system (Fig. 5.) 
if a small amount of nitrogen was added to HMDSo/CH4.  
The calculated temperature was T = 320 ± 20 k, total broa-
dening 0.06 nm.

Conclusions
rotational temperatures for several types of discharges 

were determined from optical emission spectra by program 
dMeSS. in the case of mw torch used for synthesis of CNTs 
and ASTeX-type discharge used for UNCD deposition the 
temperatures were estimated from the rotational emission 
band of the C2 (0,0) Swan system. In the case of r.f. capa-
citive discharge used for the deposition of nanocomposite 
nitrogen-containing dlC films the N2

+ (0,0) first negative 
system was employed.

This work has been supported by the Ministry of Education 
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by the Czech Science Foundation under the contract 202/07/
P523 and by the Czech Academy of Sciences under the con-
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Introduction
Generally, secondary alkyl-aryl and aryl-aryl amines 

represent the group of very effective antioxidants. Their 
action is based on the reaction either with ro2

• radicals or 
peroxy compounds, leading to the corresponding nitroxyl 
radicals1,2. By the reaction with peroxides the intermediary 
formed cation radicals are involved into reaction mecha-
nism3. Nitroxyl radicals, generated by both methods can be 
directly detected by the ePr spectroscopy. in the framework 
of this paper the radical products of the oxidation of some 
secondary amines containing one or two -NH- group in the 
molecule are reported.

Experimental
Within the paper the following secondary amines were 

studied:

Oxidation	of	Amines	with	3-Chloroperbenzoic	Acid
In 10–2M benzene or chloroform solution of 3-chlo-

roperbenzoic acid (3-ClPBA), secondary amines 1, 2 were 
dissolved (molar ratio 3-ClPBA: amine = 1 : 1) under stirring 
for 2 min. 0.5 ml of the solution was placed into the ePr cell 
and bubbled with nitrogen to remove the dissolved oxygen.

ePr spectra were recorded at the laboratory temperature 
using an ePr spectrometer SpectraNova. The simulation of 
the experimental ePr spectra was carried out using the simu-
lation program Simphonia.

Results	and	Discussion
Within the investigation of antioxidative properties the 

reaction of amines 1a–1c with 3-chloroperbenzoic acid was 
examined. In this way the high concentration of correspon-
ding nitroxile radicals was obtained.

The fundamental problem, accompanying the interpreta-
tion of experimental ePr spectra, obtained by the oxidation 
of 1a–1c is the attribution of generated nitroxide radicals to 
the structure 3 or 4 (1).

NH N R
O

4

3 2

1
65

N NH R
O

4

3 2

1
65

1a - 1d
3a - 3d

4a - 4d

1

1 2

2

 

(1)

The analysis using spectral simulation has unam-
biguously shown that the structure 3 is responsible for the 
nitroxide radicals observed by the oxidation of amines  
1a–1b (structures 3 and 4 are identical in the case of 1d). 
This conclusion is supported by the fact that besides the basic 
nitrogen splitting only the splitting constants from two hyd-
rogen atoms in ortho position of the phenyl ring and one hyd-
rogen atom in – CH(CH3) – group dominate in ePr spectra of 
3a–3b in benzene solution (Table I). In the case of amine 1c, 
containing α-methylbenzyl substituent r, the dependence of 
the structure of generated nitroxide radical (3c vs. 4c) on the 
solvent is documented. While in benzene the ePr spectrum 
of 4c was observed, in chloroform the oxidation evidently 
proceeds on –1NH – group, as follows from the splitting con-
stants of 4c: aN(No) = 1.020 mT, 5 × aH(o,p) = 0.180 mT, 
4 × aH(m) = 0.090 mT, aN(NH) = 0.045 mT.

Characteristic feature of secondary amines 2a–2e is the 
presence of only one –NH– group in the molecule. By their 
oxidation using 3-ClPBA the ePr spectra of generated nitro-
xyl radicals 5 were registered (2).

2
oxid.

CH3 CH2 C

O

CH2 CH N

R1 R2

R3

O

5  

(2)

 1
	 1a r = CH(CH3)2
	 1b r = CH(CH3) – CH2 – CH(CH3)2
	 1c r = CH(CH3) – C6H5
	 1d r = C6H5

 2
	 2a r1 = r2 = r3 = H
	 2b r1 = r2 = H, r3 = CH3
	 2c r1 = CH3, r2 = r3 = H
	 2d r1 = r2 = H, r3 = Cl
	 2e r1 = r3 = H, r2 = Cl
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in ePr sectrum of 5a, besides the basic nitrogen split-
ting, the splittings from protons of phenyl ring and one hyd-
rogen atom of – CH(Ph) were proved. Moreover, the small 
splitting constants from protons of – CH2 – group were 
extracted. By the introduction of other substituents into para 
and meta position of phenyl ring (2b, 2d, 2e) does not bring 
any principal changes in spin density distribution. The only 
exception is represented by the nitroxyl radical 5c. In this 
case, very strong ortho effect of methyl group, leading to the 
distortion of the phenyl ring from the plane of – No•– frag-
ment is observed. Consequently, the delocalization of spin 
density into this ring is reduced. The decrease of splitting 
constants attributed to the protons of phenyl ring is compens-
ated by the increase of basic nitrogen splitting (Table II).

Conclusions
New types of secondary amines were subjected to the 

oxidation with 3-chloroperbenzoic acid in non-polar sol-

vents. ePr spectroscopy confirmed the formation of nitroxyl 
radicals, the only radical products observed. Their ePr data 
were determined using the spectral simulation.

This work was supported by the Ministry of Education of 
the Czech Republic under research project MSM 0021630501 
and by the Grant Agency of the Slovak Republic, VEGA 
1/4299/07.
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Table I
The ePr parameters of nitroxide radicals 3a–3d prepared by the oxidation of amines 1a–1d with 3 chloroperbenzoic acid in 
benzene (3a–3d) and chloroform (3a–3b) solution

 Splitting constants
 radical aN(No) [mT] aN(NH) [mT] 2aH(2.6) [mT] 2aH(3.5) [mT] aH(r) [mT] Solvent
 3a 1.137 0.045 0.260 0.090 0.316 chloroform
  1.078 – 0.240 – 0.380 benzene
 3b 1.127 0.045 0.216 0.085 0.336 chloroform
  1.078 – 0.225 – 0.306 benzene
 3c 1.080 – 0.269 – 0.500 benzene
 3da 0.960 – 0.182 0.074 0.182 (3H) benzene
      0.074 (2H) 
asplitting constants taken from ref.4

Table II
ePr parameters of nitroxyl radicals 5a–5e generated by the oxidation of secondary amines 2a–2e in toluene solution

 radical Splitting constants
  aN (No) [mT] aH (o,p) [mT] aH (m) [mT] aH (CH) [mT] aH (CH2) [mT]
 5a 1.1050 0.2730 0.0900 0.5460 0.0600 (1H)
      0.0350 (1H)
 5b 1.1225 0.2770 (2H) 0.0900 0.5760 0.0600 (1H)
   0.2970 (3H) 0.0350 (1H)
 5c 1.2000 0.1500 (2H) 0.0800 0.4800 –
   0.1500 (3H) 
 5d 1.1000 0.2850 (2H) 0.0950 0.5700 0.0400 (1H)
   0.0250 (3H)   0.0650 (1H)
 5e 1.0500 0.2800 0.0820 (1H) 0.5600 0.0570 (1H)
      0.0220 (1H)
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Introduction
Printed electronics based on solution-processable organic 

inks have attracted considerable attention. It has big potential 
to decrease the cost of electric circuits fabrication, especially 
when using roll-to-roll printing1,2. Principal advantages are 
mass or large area production, low cost, flexibility of substra-
tes and production variability. Supposed low-cost mass appli-
cation includes rFid chips, flat oleds lightings, flexible 
displays and solar sells, intelligent packaging and papers etc.

Inkjet printing is applicable to print all required mate-
rials (conductors, semiconductors and dielectrics) including 
oleds and TFTs3,4. Inkjet was used to print conducting 
links based on nanosilver colloid5 and conductive/semicon-
ductive structures based especially on conjugated polymer 
chain poly(3,4 ethylenedioxythiophene) in complex with 
poly(styrene sulfonate), PedoT:PSS, to create conductive 
links or oled6,7. Conductivity of this system was increased 
adding organic solvents like dimethyl sulfoxide (DMSo), 
tetrahydrofuran8. The dielectric properties, wetability and 
roughness of printed substrates are also key parameters of 
resulted quality. 

In this work, N2 plasma treated coated papers and plas-
tic foils were inkjet printed by water-based PedoT:PSS and 
different solvent additives to get high conductivity structures. 
The influence of substrate roughness, plasma treatment and 
ink formulation are discussed.

Experimental
Two plastic foils: polyethylenetherephtalate (PeT, 

120 g m–2) for laser printers and ethylene-tetrafluorethylene 
copolymer coated by thin 70 nm silicon oxide (eTFe/Siox, 
150 g m–2), and three coated paper sheets: 120 g m–2 (glossy 
varnish, Huber 10L9500, “L1”), 150 g m–2 (matt varnish, 

Huber 10L9320, “L2”) and 120 g m–2 copy paper (Xerox 
Colotech, smooth, white, “CP”) were used as substrates for 
printing.

Standard dielectric barrier discharge (DBD, 15 kv,  
5 kHz) was used for plasma treatment of substrates  
(30 W cm–2) in N2 at atmospheric pressure (at flow rate  
of 10 dm3 min–1).

The commercial conductive polymer PedoT:PSS, 
1.3 % wt. in water from Aldrich (hereafter PedoT) was 
diluted by water, isopropanol (IPA) or DMSo in several com-
binations (Table i) and used as ink in inkjet printer ePSoN 
Stylus Photo r360.

Different lines, points and full areas were printed onto 
all substrates, original and plasma treated, by inkjet printer in 
slow mode (Fig. 1.).

Ink formulations were characterized by viscosity and 
surface energy, the substrates by ink wetability and AFM 
topography including rMS roughness and printed structures 
by electric conductivity and topography, using the equip-
ments: capillary viscometer uNiTeX, contact angle gonio-
meter (See, Mu Brno), optical and atomic force microscopy 
CP II, veeco and LCr Digibridge Quadtech 1715.

Results
Addition of DMSo increased considerably the conducti-

vity of layers (Fig. 2.). reverse temperature dependences 
indicate semiconductor character of layers without DMSo 
and quasi-metal character of layers with DMSo.

original high viscosity PedoT could not be inkjet 
printed. It had to be diluted. Because of high dilution the coa-
tings were very thin, so to get stable results, lines had to be 
printed several times on each other (more than 4) that caused 
misregistration problems.

Surface conductivity of printed lines depends on rough-
ness, ink wetability and imbibition. rMS roughness of the 
substrates are indicated inside the legends of the Fig. 3.a and 
b. Conductivities on smooth foils are much higher than on 
papers. Specific conductivity ought to be independent on line 
thickness, however lines thinner than 0.5 mm are disconti-
nuous.

Table I
PedoT ink formulations, η – viscosity, γ – surface energy

 PedoT/ Water IPA DMSo Designation η γ
 PPS     [mPa s–1] [mj m–2]
 1 0 0 0 PedoT 58.5 68.1
 1 0 1/2 +5 % IPA – –
 1 1/2 0 +5 % 4 : 2 (5D) 21.1 67.6
 1 1/4 1/4 +5 % 4 : 1 : 1 (5D) 17.5 62.4
 1 1 1 +5 % 1 : 1 : 1 (5D) 16.5 45.9
 1 1/2 0 +10 % 4 : 2 (10D) 20.1 68.4
 1 0.3 0 0.2 4 : 1 (15D) 22.4 65.3

Fig. 1. Inkjet printed figures
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Plasma treatment enhanced the printability of foils (con-
ductivity results were more stable), however it increased the 
imbibition of copy paper resulting in conductivity decrease 
(Fig. 3.b). 

The ink formulation 4 : 2 (5D) was found as the most 
effective considering overall topography and conductivities, 
but the interval allowed for dilution of PedoT is narrow  
so more experiments must be done to find optimal formula-
tion.

Conclusions
Coated and plasma treated papers and plastic foils were 

inkjet printed by water-based conductive inks (commercial 
PedoT:PSS with additives, water, iPA and dMSo. 

Addition of DMSo and water improved printability 
and increased conductivity of lines and full areas. Surface 
roughness, wetting and imbibition were key factors of fea-
tures quality. 

Sufficient and continuous coating and desired conducti-
vities of lines and areas were achieved just by repeated prin-
ting (up to 10 times), so the misregistration was the limiting 
factor of print quality of lines and dots.
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Introduction
During last ten years, electrical discharges generated 

in water have been widely studied with a great focus on the 
application in water treatment. Besides classical biological, 
physical and chemical methods, so-called Advanced oxida-
tion Processes (AoP’s) have been applied in removal of vari-
ous pollutants. especially degradation of phenol and some 
organic dyes by pulsed discharges in point-to-plane geometry 
have been studied by many authors, for example refs.1–3.

Applying high energy field into water solution, various 
physical and chemical processes are initiated. Generation of 
Uv light and shock waves belong to the physical processes 
while formation of various reactive species is the most impor-
tant chemical phenomenon. especially radicals (•oH, •H, •o), 
ions (o2

–) and molecules (H2o2) are responsible for chemi-
cal reactions and degradation processes in water treatment. 
As these species have high oxidation potential they can very 
easily attack other molecules contained in water and caused 
their decomposition.

Diaphragm discharge presented in this paper belongs to 
the discharge configurations suitable for the purpose of water 
treatment, too. its generation starts in the small orifice in the 
dielectric barrier separating two electrode spaces. If DC high 
voltage is applied, different kinds of plasma channels propa-
gate from the orifice towards electrodes. diversity of stre-
amers is not only in their shape but mainly in their energy 
dissipation substantially influencing subsequent processes in 
water solution4.

This paper presents results obtained from the treatment of 
solutions containing selected organic dyes. Decomposition of 
these model compounds was investigated from the viewpoint 
of diaphragm discharge conditions (electrode polarity, input 
power) as well as of the dye molecular structure.

Experimental
Diaphragm discharge studied in this work was generated 

in a batch reactor4 using constant high voltage from the DC 
source that gave the input power up to 250 W (see Fig. 1.). 
Two planar electrodes made of stainless steel were sepa-
rated by the dielectric barrier. Both electrode spaces were 
connected by only a small pin-hole (initial diameter of 0.25 
mm) in this diaphragm. Discharge breakdown appeared just 
in this orifice and plasma channels propagated from this spot 
towards electrodes.

each part of the reactor contained 2 litres of treated solu-
tion. Water solutions contained selected dye (initial concent-

ration of ca 20 mg dm–3) and a definite amount of supported 
electrolyte providing particular solution conductivity (initial 
value of 400 µS cm–1). In this study, NaCl electrolyte was used 
for all experiments (concentration of 4 mmol dm–3). Solution 
pH was primary adjusted by the electrolyte kind (approxima-
tely neutral in NaCl) and it was not specially modified during 
the experiment. Selected dyes belonged mostly to the group 
of azo-dyes and they could have been classified into direct 
and Acid dyes. From the first group, direct red 79 (dr79) 
and Direct Blue 106 (DB106) were decomposed while Acid 
Yellow 23 (AY23) and Acid Blue 74 (AB74) were chosen 
from the second group. Their structural formulas are given 
below. Samples of treated solution were taken away from 
both electrode spaces every 5 minute and total treatment time 
was 40 minutes. estimation of dye concentration was carried 
out by absorption spectroscopy (spectrometer Helios alfa) 
in the visible region (300–700 nm). Dye concentration was 
determined from the absorption intensity obtained at wave-
length characteristic for each dye (see Table I). Decompo-
sition rate α was calculated from the relative concentration 
decrease for each dye:

where c0 means initial dye concentration and c is dye concen-
tration determined during the treatment.

Fig. 1.	 Photograph	 of	 diaphragm	 discharge	 reactor	 used	 for	
decomposition	of	organic	dyes	dissolved	in	water

 (1)

Table I
List of used organic dyes and their characteristics

  Molecular weight Characteristic
 Dye [g mol–1] absorption
   wavelength [nm]
 Direct red 79 1,048.872 508
 Direct Blue 106 741.487 608
 Acid Yellow 23 534.366 428
 Acid Blue 74 466.350 596



Chem. Listy, 102, s265–s1311 (2008) Physical & Applied Chemistry

s1167

Structural formulas of selected organic dyes are as fol-
lows:

Direct	Red	79

Direct	blue	106

Acid	Yellow	23

Acid	blue	74

Results
G e n e r a l  A s p e c t s  o f  D y e 
D e c o m p o s i t i o n

Decomposition of all tested dyes was observed in both 
electrode spaces of the discharge reactor. However, remo-
val efficiency was significantly higher in the anode space. 
Fig. 2. demonstrates results obtained in DB106 solution. 
relative dye concentration exponentially decreased in the 
anode space and reached the value of less than 40 % of the 
initial DB106 concentration. In the cathode space, decolora-
tion went slowly and almost linearly and final concentration 
dropped just below 90 %, only. Possible reasons of diverse 
process evaluation were assumed to be the different shape 
of plasma streamers (influencing different volume of treated 
liquid) and substantial effect of electrochemical reactions on 
the anode due to the application of constant DC high voltage 
on the electrodes4. Moreover, significant change of solution 
pH was observed during the discharge in both electrode spa-
ces. While in the cathode space pH increased from initially 
neutral values of NaCl electrolyte to basic medium, situation 
in the anode space evaluated on the contrary, e.g. to the lower 
pH values and therefore remarkably acidic conditions. We 
expect that stronger acidic medium stimulated the degrada-
tion process of treated dyes4. However, clarifying of this phe-
nomenon will be an object of our further study.

Analyses of treated dye solutions were carried out by 
absorption spectroscopy over visible region and recorded 

spectra were compared with original non-treated samples. 
Fig. 3. compares spectra obtained for two azo-dyes (Dr79 
and DB106) before and after 20 minutes of discharge trea-
tment in the anode space. Besides remarkable decrease of 
absorption intensity at characteristic wavelength, certain shift 
of maximal absorption position could be seen. In the case of 
the red dye (Dr79), this shift directed to shorter waveleng-
ths while in the blue dye (DB106) the position of maximal 
absorption indicated its movement to longer wavelengths. We 
have assumed that origin of the shift in absorption came from 
the formation of various by-products when dye molecule 
was decomposed and these compounds absorbed radiation of 
slightly different wavelength than the original dye molecule. 
determination of final products and by-products is an object 
of our intensive research.

I n f l u e n c e  o f  D y e  S t r u c t u r e
effect of different molecule structure on the dye deco-

lorization was studied for two compounds belonging to the 
group of Direct dyes (Dr79 and DB106) and for two Acid 
dyes (Ay23 and AB74). evaluations of decomposition rates 

Fig. 2.	 Direct	blue	106	decomposition	represented	by	relative	
concentration	during	the	diaphragm	discharge	in	the	anode	and	
cathode	space	(input	power	of	170	W,	4mM	NaCl	solution)

Fig. 3.	 Absorption	 spectra	 of	 two	 dyes	 (DR79	 and	 Db106)	
before	 and	 after	 20	 minutes	 in	 diaphragm	 discharge	 (anode	
space,	input	power	of	170	W,	4mM	NaCl	solution)
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determined during diaphragm discharge in the anode space 
are shown in Fig. 4. It was observed that removal process 
in direct dyes had exponential evaluation while it was linear 
in acid dyes. Moreover, exponential decolorization of direct 
dyes revealed particular residual concentration of decompo-
sed dye. The best removal efficiency after 40 minutes of the 
treatment was achieved in AB74 dye (more than 80 %) which 
structure was on an indigoid base. The other dyes containing 
azo groups reached 60 % (Dr79, DB106) or hardly 40 % 
(AY23), respectively.

obtained results were probably caused by different 
mechanism of ·oH attack (or ·Cl radical coming from sup-
ported electrolyte NaCl) on the particular dye molecule, 
according to its size, number and kind of substitutes (see 
molecular structures in experimental). The first impact of 
radical probably led on the azo-bond –N=N– when azo-dye 
is decomposed. Subsequently, this bond breaks and nitrogen 
is released. This reaction should be fast and its effect could 
explain the rapid decrease of DB106 or Dr79 concenration 
at the beginning of the experiment.

Concerning different dye structure, molecules of acid 
dyes are smaller (with molecular weigth until ca 600 g∙mol–1) 
and contain lower amount of substitutes than direct dyes. Hi-
gher number of substitutes is one of the factors influencing 
final dye colour. direct dyes containing more of such functio-
nal groups can be attack by active radicals from the discharge 
in these spots and their detachment can lead to faster decolo-
ration of direct dyes.

on the other hand, indigo molecule (AB74) is relatively 
small with no substantial substitutes. And moreover, it does 
not contain an azo-group in its chain. Thus the degradation 
mechanism probably runs by different reactions and it depends 
on moment when the aromatic ring is finally opened.

I n f l u e n c e  o f  I n p u t  P o w e r  a n d 
e l e c t r o c h e m i c a l  A s p e c t s

Firstly, influence of input power applied from the dC 
source into the reactor on dye removal was studied for four 
different power magnitudes (65, 100, 130 and 170 W). From 
the comparison of DB106 decomposition rates obtained 
in both electrode spaces it was determined that increasing 
input power enhanced dye decomposition. effect of power 
was more or less linear and with the same intensity in both 
electrode spaces.

More interesting results were achieved when dye decom-
position by diaphragm discharge was compared with dye 
removal by pure electrolysis. We included this experiment 
into our study because we had expected a substantial effect of 
electrochemical reactions due to the application of constant 
voltage. In such case, especially electrochemical oxidation 
on the anode takes place and thus this reaction can be one of 
the factors leading to the dye decomposition.

effect of electrolytical degradation was studied in the 
similar device consiting of dielectric diaphragm with one pin-
hole (initial diameter of 0.25 mm), stainless steel electrodes 
on each side and containing electrolyte solution (NaCl) of 
total volume of 3 litres. Constant voltage from the same DC 
source was applied on the electrodes. Its magnitude was 
adjusted on the level at which only electrolysis was kept in 
the reactor and the discharge was not created in the pin-hole. 
In that case, total power supplied into the reactor was 30 W 
(compared to 170 W applied during the discharge). Next pro-
cedure was carried out in the same way as the dye degrada-
tion by the diaphragm discharge.

Two dyes were selected for the comparison of degra-
dation effect of the discharge and pure electrolysis – Direct 
red 79 and Direct Blue 106. obtained results represented as 
the evaluation of decomposition rates are demonstrated in 
Figs. 5. (for Dr79) and 6. (for DB106), respectively. results 
were achieved in the anode space of the reactor.

Comparison of electrolytic effect during treatment of 
two dyes surprisingly revealed contrary results. In Dr79 
solution, electrolysis had only a weak effect on the dye remo-
val. on the other hand, DB106 dye was decomposed by both 
discharge and electrolysis with almost the same effect (more 
than 50 % of the initial dye was removed). Based on these 

Fig. 4.	 Comparison	 of	 decomposition	 rates	 obtained	 during	
diaphragm	discharge	in	the	anode	space	for	selected	dyes:	Direct	
Red	79,	Direct	blue	106,	Acid	Yellow	23	and	Acid	blue	74	(input	
power	of	170	W,	4mM	NaCl	solution)

Fig. 5.	 Comparison	 of	 DR79	 decomposition	 rates	 obtained	
during	diaphragm	discharge	(input	power	of	170	W)	and	pure	
electrolysis	(30	W)	in	the	anode	space	(4mM	NaCl	solution)



Chem. Listy, 102, s265–s1311 (2008) Physical & Applied Chemistry

s1169

results we have assumed different degradation mechanism of 
both dye molecules.

To compare energetic efficiency of the discharge and 
electrolytic treatment in the relevant criterion, efficiency η 
was calculated according to the following formula:

where rDr means the rate of dye removal in mg dm–3 min–1, 
v is volume of the treated solution in dm3 and P is input power 
in Watts (170 W for the discharge, 30 W for the electrolysis). 
Subsequently, efficiency was obtained in mg kWh–1 and it 
represented amount of decomposed dye (in mg) per an ener-
getic unit. Calculated efficiency values are given in Table ii 
for both treated dyes.

Concerning dr79, calculated results confirmed remar-
kably higher efficiency when the dye was decomposed by the 
discharge. on the other hand, destruction of DB106 showed 
much higher efficiency of electrolysis (almost 1.7 g kWh–1) 
because substantially lower power was needed for the same 
decomposition rate as in the discharge. We can assume that 
for removal of relatively larger molecules like Dr79 sub-
stantially higher power is necessary to be applied while for 
destruction of simple molecule (DB106), electrolytic reacti-
ons initiated by lower power are sufficient.

Conclusions
Water solutions of selected organic dyes from two spe-

cific groups (direct and Acid) were treated by diaphragm 
discharge generated using constant DC high voltage. 
Discharge reactor was divided by the dielectric barrier into 
two electrode spaces and the discharge itself was created in 
the small orifice in this barrier. decrease of dye concentra-
tion was observed in both electrode spaces by the absorption 

spectroscopy. Study of dye removal as a function of discharge 
conditions gave following conclusions:

All tested dyes were decomposed with significantly hi-
gher efficiency in the anode space than in the cathode 
one. The explanation could be in the different kinetic 
energy of electrons in plasma channels on both sides of 
the diaphragm as well as in the acidic conditions for-
ming in the anode space during the discharge.
Absorption spectra of treated solutions were recorded 
over the visible region. Besides decreasing absorption 
intensity, a remarkable shift of the position of maximal 
absorption was observed. Moreover, this shift was dif-
ferent for tested dyes. This phenomenon was probably 
caused by the formation of various by-products during 
the dye decomposition.
Comparing molecular structure of selected dyes, signi-
ficant influence of molecule size and degree of substitu-
tion was assumed as the main reason of different evalua-
tion of dye decomposition by the diaphragm discharge.
Increasing input power more or less linearly enhanced 
degradation process in both electrode spaces.

Substantial effect of electrolysis was observed during 
decomposition of DB106 while this effect was only neg-
ligible in dr79. Higher energetic efficiency was achieved by 
electrolysis in DB106 removal (1.7 g kWh–1).

This work has been supported by the Czech Science 
Foundation, project No. 202/07/P371.
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Fig. 6.	 Comparison	 of	 Db106	 decomposition	 rates	 obtained	
during	diaphragm	discharge	(input	power	of	170	W)	and	pure	
electrolysis	(30	W)	in	the	anode	space	(4mM	NaCl	solution)

, (2)

Table II
energetic efficiency of dye decomposition by diaphragm 
discharge and electrolysis

  efficiency of efficiency of 
 Dye diaphragm discharge electrolysis –
  – anode space anode space 
  [mg kWh–1] [mg kWh–1]
 Direct red 79 644 236
 Direct Blue 106 477 1,686
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Introduction
The corrosion of iron-gall inks is a result of their compo-

sition and is represented by two main degradation processes. 
on one hand, it is the hydrolytic decomposition of the paper 
support catalysed by acids which were added to inks during 
their preparation or released by a chemical reaction in the 
course of formation of ink colour component. The other 
mechanism of paper support degradation is cellulose oxida-
tion catalysed by transitional metals, presented in iron-gall 
inks (Fe, Cu). Because of the presence of reductive substan-
ces, the ink lines contain ferrous ions even after centuries2.

in the world several deacidification methods are used. 
These methods can be classified into water-based and non-
aqueous processes. These processes make use of different 
combination of solvents, and they are suitable for different 
types of paper1.

This work deals with the application of neutralization 
reagent MMMk (Methoxy magnesium methyl carbonate) 
and also antioxidant BHT 2,6-ditercbutyl-4-methylphenol 
on documents containing iron-gall inks and its influence on 
document properties after stabilization. 

MMMk belongs to compounds suitable for deacidifica-
tion of heavily damaged manuscripts. MMMk doesn’t wash 
out iron-gall inks from substrate hence ink fixation isn’t nee-
ded prior to its application.

MMMk is an organo-metallic compound which is used 
as a deacidification agent at Wei T’o non-aqueous process 
of book deacidification. it is possible to place magnesium in 
this form into paper structure using non-aqueous system from 
fluid gas3.

BHT belongs to the group of synthetic antioxidants pro-
duced commercially, and it is also present as a natural sub-
stance in plants, e.g. in rosemary. BHT is a white powder that 
is used in the food industry, pharmacology, medicine for its 
anti-cancer effect and it is also known in the rubber indu-
stry. BHT belongs to the group of sterically hindered phenols 
and it had been recently introduced as a paper stabilization 
agent. Its effect as “chain-breaking” antioxidant is presented 
by deactivation of alkylperoxyle radicals2,4.

Experimental
The experiments were performed on paper substrate 

using whatman No. 1 (Cat. No. 10001917) filter paper. This 
paper represented pure cellulose paper without any additi-

ves. The set of the paper squares (8 × 12 cm) was immersed  
in a 1% gelatine solution and 5% solution of aluminium sul-
phate for 5 minutes.

The iron-gall ink was composed of FeSo4
. 7H2o, tannin 

acid and gum Arabic, resulting in a molar ratio of iron and 
tannin acid was 5.5 : 1. 

These samples were placed into a climatic chamber for 
3 hours at 50 °C, and then samples were immersed in 6% 
solution of methoxy magnesium methyl carbonate.

Antioxidant BHT was prepared in two concentrations 
(0.1% and 0.01% solution in ethanol), and samples were 
immersed in these solutions for 10 seconds.

one part of the samples was artificially aged in an oMT 
oVeN for 1 day to 24 days at 80 °C and 50 % rH. Second 
part of the samples was aged in the chamber APT Line Series 
Fed for 1day to 24 days at 105 °C.

The folding endurance of paper was determined using 
normalized folding endurance tester Schopper according to 
standard ISo 5626 for the folding endurance of paper.

The changes in chemical structure of iron gall ink and 
iron gall ink with neutralization reagent MMMk during 
artificially aged was estimated by FTir spectroscopy. FTir 
spectra were recorded on a spectrophotometer excalibur 
Series using transmission method by kBr pellet.

Results	and	Discussion
M e c h a n i c a l  T e s t

Inked samples showed low mechanical paper proper-
ties affected by artificial ageing in both cases – dry and wet 
ageing. deacidification of inked samples caused retardation 
in decrease of mechanical properties (Figs. 1., 2.) hence  
it was possible to assume that also degradation of cellulose 
was decelerated.

In Fig. 1. obvious increase in folding endurance from 0 to 
65 after neutralization of inked samples with MMMk solu-
tion was observed. However after 3 days this value decreased 
rapidly. Antioxidant BHT improved mechanical properties 

Fig. 1. Changes of folding endurance during artificially ageing 
at 80 °C and 50 % RH. (W + Ge-Whatman paper modified with 
gelatine	 and	 sulphate,	 I-application	 of	 iron	 gall	 ink,	 M-treat-
ment	with	neutralization	reagent	MMMk,	bHT-treatment	with	
bHT	antioxidant)
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only for unaged samples and samples 1 day aged. If we com-
pared the sample without neutralization and antioxidant (that 
means only inked paper substrate) with 0 folding endurance 
even at the beginning, after neutralization with MMMk solu-
tion and subsequent stabilization with BHT antioxidant sam-
ple remained minimal mechanical properties even after 12 
days of artificial ageing.

F T I r  M e a s u r e m e n t s
Fig. 3. represented comparison of FTIr spectra unaged 

ink and unaged neutralized ink measured in pellet. Ink neut-
ralization with 6% solution of MMMk caused peak decre-
ase at 1,093 cm–1 which is characteristic for C-o bond. Next 
change caused by ink neutralization was formation of new 
peak at 1,429 cm–1 which belongs to vibration of magnesium 
carbonate.

Magnesium carbonate forms alkaline reserve in deacidi-
fied paper just because alkaline reserve is important from the 

viewpoint of paper substrate stabilization, the peak characte-
ristic for magnesium carbonate during ageing was observed. 
Fig. 4. demonstrated decrease of peak relating to vibration of 
magnesium carbonate (1,429 cm–1) after 3 days of ageing.

FTIr spectra in Fig. 4. showed that after 12 days of 
ageing peak at 1,429 cm–1 vanished and we assumed deple-
tion of alkaline reserve.

Conclusion
The obtained experimental results showed that neut-

ralization of inked samples with 6% solution of methoxy 
magnesium methyl carbonatu (MMMk) caused considerable 
improvement of optical and mechemical properties for una-
ged and aged inked samples. FTir measurements confirmed 
the formation of alkaline reserve in neutralized ink. Accor-
ding to these results we could support stabilizing effect of 
paper neutralization with MMMk solution. However this 
alkaline reserve after 12 days of artificial ageing exhausted. 
Subsequent usage of antioxidant 2,6-ditercbutyl-4-4methyl-
phenolu (BHT) for neutralized samples improved studied 
properties of unaged paper samples, nevertheless after arti-
ficial ageing stabilization effect of antioxidant wasn’t appro-
ved.

This work was supported by the Scientific Grant Agency 
of Slovak Republic (Project VEGA/1/0800/08). We also thank 
the Ministry of Education of Slovak Republic for the support 
in the project KNIHA.SKn2003 SP 200 280 301.
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Fig. 2. Changes of folding endurance during artificially ageing 
at 105 °C. (W + Ge-Whatman paper modified with gelatine and 
sulphate,	I-application	of	iron	gall	ink,	M-treatment	with	neut-
ralization	reagent	MMMk,	bHT-treatment	with	bHT	antioxi-
dant)

Fig. 3.	 FTIR	spectra	of	iron	gall	ink	(black	line)	and	iron	gall	
ink	with	MMMk	(gray	line)	in	pellet

Fig. 4.	 FTIR	 spectra	 of	 iron	 gall	 ink	 with	 MMMk	 in	 pellet.	
black	line:	no	ageing,	gray	line:	aged	3	days,	light	gray	line:	aged	
12	days
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Introduction
even after long period of time historical documents should 
have the ability to list in, read or possibly interpose other type 
of cultural experience. For population it is important for its 
irreplaceableness, uniqueness and attractiveness of literary 
works, manuscripts or paintings. Thanks to these works our 
history, customs and thinking could be kept. In presence pro-
blems with preservation and conservation methods of cultu-
real heritage have occurred1.

Big amount of materials written in last 130 years on acid 
wooden papers have suffered with continuous damage pro-
cess which can lead to total lost of printed or written text. The 
reason for this is the instability of paper substrate and mean-
time low chemical and light stability of dyes which repre-
sent the main component of modern inks. The most proper 
method against destruction of paper substrate appears to be 
neutralization hence formation of sufficient alkaline reserve 
preserving paper during ageing against acid products formed 
by oxidation and followed by fibre decomposition. Vari-
ous deacidification methods based on waterborne and non-
aqueous treatments have been developed that utilize diffe-
rent solvents and their combinations convenient for different 
types of papers.

Increase in pH value of paper substrate extends the life-
time but can damage written records mainly at unsuitable 
climatic conditions at deposit. The aim of this study was to 
investigate the influence of relative humidity and pH of paper 
substrate on dyes. For deacidifacation process non-aqueous 
deacidification was used hence no fixation was necessary2,3.

Experimental
in this work acid, partially wooden paper with no fil-

lers, sizes nor optical brightening agent made in Slavošovské 
papierne was used. Part of samples was prepared on original 
(acid) paper and other part on neutralized paper deacidified 
by Booksaver PAL method in Preservation Academy in Lei-
pzig. its initial properties and properties after deacidification 
process are listed in Table I. Samples 5×5 cm were prepared 
from unmodified acid paper and also from deacidified paper 
substrate and were treated with several dye solutions. 

Several dyes for treatment were prepared: Acid Green 
and Basic red – 0.1% solutions in ethanol and Methy-

•

lene Blue – 0.2% solution in ethanol and water (1:1). 
Papers were treated with 1 ml of prepared dyes solutions 
and dried out on air.
Prepared samples were treated by wet accelerated ageing 
in climatic chamber SANYo Gallenkamp PLC (Great 
Britain) at 80 °C and 3 different values of rH: 65%, 
50% and 40% for 0, 1, 3, 7, 10, 18 a 30 days.

Non-aqueous deacidification (CSC) Book Saver  
is a method which uses carbonated magnesium propylate dis-
solved in n-propanol as a neutralize agent and as a carrier 

•

Table I
initial properties and properties after deacidification process 
of paper

 Property Acid paper Paper after
   deacidification
 Brightness [%] 76.40 74.37
 opacity [%] 96.70 97.12
 Cie l* 91.14 94.80
 Cie a* –1.07 –0.70
 Cie b* 3.41 2.04
 pH  4.40 6.94
 Alkaline reserve [%] – 0.67

Fig. 1. Comparison of 3 dependeces of ΔE*	of	Acid	Green	dye	
on	3	different	types	of	ageing;	(a)	–	layered	on	acid	paper	sub-
strat, (b) – layered on deacidified paper substrate
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is 1,1,1,2,3,3,3- heptafluoropropane (HFC 227) chosen for 
both mass and individual deacidification and is supplied as 
a spray.

Carbonated magnesium propylate is soluble in non-
aqueous n-propanol and solution contains approximately 
32 % of carbonate and 68 % of propanol. The composition of 
deacidification solutiou is: 1.06 kg of carbonated magnesium 
propylate, 2.25 kg of n-propanol and 190 kg of HFC 227. 
Neutralization agent further reacts with moisture in paper and 
produce alkaline reserve in the form of alkaline magnesium 
carbonate.

Documents were frozen to –20 °C prior to treatment. This 
method is convenient also for sensitive materials (parchment, 
leather and moreover immobilize soluble dyes and inks.

The properties of the paper samples were measured 
according to the Slovak Technical Standards (STN) and STN 
ISo Standards.

Results
Fig. 1.a showed that the lowest value of colour diffe-

rence for sample Acid Green 16 on acid paper substrate was 
in the case of wet ageing at conditions of rH 50 % (6.46), 
40 % (6.87) however for rH 65 % it was 15.48. This could 
be explained by axis a* which moved by ∆a* = 12.97 from 
negative to zero area that means from green to grey. Fig. 1b 
represented Acid Green 16 on neutralized paper and the least 

noticeable influence on ∆e* colour difference had ageing  
at 50% rH (6.22) and for other 2 ageing types final colour 
difference value was measured 2 times higher.

Fig. 2.a represented Methylene Blue on acid paper sub-
strate and the highest value of colour difference ∆e* was 
monitored for wet ageing with rH 65 % (15.77). The most 
considerable influence on total value of ∆e* showed axis L* 
and b* that represented significant bleaching of samples and 
shift of blue colour shade to grey. For ageing at rH 50 % 
and 40 % much lower values of ∆e* were measured exactly 
∆e* = 6.52 and ∆e* = 7.64. Similar behavior was noticed 
also for Methylene Blue on neutralized paper sample but af-
ter ageing the values of ∆e* were lower (Fig. 2.b). For rH 
65 % maximum value of ∆e* was 14.53, for rH 50 % was 
∆e* 3.87 and for 40 % ∆e* = 5.68.

Fig. 3.a monitored the influence of particular ageing 
condition on Basic red 9 dye layered on acid paper. The hi-
ghest value of colour difference ∆e* was measured for ageing 
at rH 40 % (∆e* = 10.13) and for rH 65 % ∆e* = 8.51. The 
lowest value of ∆e* = 5.88 was obtained at rH 50 %. The 
sample Basic red 9 layered on neutralized paper (Fig. 3.b) 
showed less stability compared to sample layered on acid 
paper. The most obvious instability was noticed for ageing at 
rH 65% where ∆e* was 27.71 which represented the highest 
value for colour difference. The biggest contribution on total 

Fig. 2.	 Comparison	of	3	dependeces	of	ΔE*	of	Methylene	blue	
dye	on	3	different	types	of	ageing;	(a)	–	 layered	on	acid	paper	
substrate, (b) – layered on deacidified paper substrate

Fig. 3.	 Comparison	of	3	dependeces	of	ΔE*	of	basic	Red	9	dye	
on	3	different	types	of	ageing;	(a)	–	layered	on	acid	paper	sub-
strate, (b) – layered on deacidified paper substrate



Chem. Listy, 102, s265–s1311 (2008) Physical & Applied Chemistry

s1174

value of colour difference had the colour axis a*(∆a* = 26.88) 
that moved from positive value to zero which means shift 
from red to grey colour. For ageing condition rH 40 % and 
50 % the lowest values of colour difference (∆e* = 12.66 and 
11.29) were measured.

Conclusions
This study investigated the influence of relative humidity 

(40 %, 50 % a 65 % at 80 °C) and pH (acid and deacidified 
paper substrate) on optical properties of several arylmethane 
dyes (acid Acid Green 16 and alkaline Methylene Blue and 
Basic red 9. ∆e* caused by ageing was measured. The stabi-
lity of arylmethane dyes on acid and deacidified paper with 
Booksaver method was compared.

Comparison of optical properties of acid and alkaline 
dye pigments showed higher stability of acid dye Acid Green 
16 layered on acid as well as deacidified substrates. lower 
values of rH (40–50 %) caused higher light stability and 

ageing at 65 % rH influenced optical properties the most 
negatively. deacidification of paper improved optical proper-
ties for all 3 types of ageing and dyes particularly Methylene 
Blue. However even after deacidification ageing at lower rH 
(40–50%) showed more sufficient.

This work has been supported by Slovak Grant Agency 
VEGA (project VEGA 1/0800/08) and project MVTS COST 
D42/08. We also thank the Ministry of Education of Slovak 
Republic for the support in the project KNIHA SKn 2003 
SP200 280 301.

reFereNCeS
 1. Zollinger H.: Color chemistry, Weinheim. 1991.
 2. Havlínová B., Mináriková J., švorcová l., Hanus J., 

Brezová V.: restaurator 16, 1 (2005). 
 3. Lewis M. L., Indig G. L.: Dyes Pigm. 46, 145 (2000).



Chem. Listy, 102, s265–s1311 (2008) Physical & Applied Chemistry

s1175

P20	 EFFECT	OF	ACCELERATED	AGEING	
PROPERTIES	OF	PARCHMENT

BoHUSLAvA HAVlíNoVáa, MArTINA 
oHlídAloVáb, MIroSLAvA PeTroVičoVáa and 
BožeNA MArUŠICováa

aDepartment of Printing Arts Technology and Photochemistry 
IPM of Chemical and Food Technology SUT, Radlinského 9, 
812 37 Bratislava, Slovak Republic,
bInstitute of Chemical Technology Prague, Technická 3, 
166 28 Prague 6, Czech Republic,
miroslava.petrovicova@stuba.sk

Introduction
Parchment is a specially treated form of leather that is 

soft and durable, making it an excellent writing material. 
High quality parchment is sometimes referred to as vellum. 
It is known that parchment was as a writing material as early 
as the Ptolemaic era, and it was in fact preferred over papyrus 
in northern regions, where the climate can be unfavorable for 
papyrus, and also in Near estern regions. Parchment as a wri-
ting material antedates aper by possibly 1500 years, although 
the name is derived from Pergamum, an ancient city in Asia 
Minor where its discovery is usally credited to king eumenes 
II, in the second century 225–1601,2.

The use of parchment for book printing in europe conti-
nued even after the advent of prinzing from wood-blocks and 
moveable type, but did not survive to any extent beyond the 
year 1500, although for purpose of calligraphy and for prin-
ting documents a diplomas, this durable material is in demand 
to the present day. It was paper, however, that gave printing 
its real impetus, for had the expensive parchment been the 
only material available craft of printing could never have 
developed. At the process of restoration and conservation of 
parchment it is usually necessary to investigate the degree 
of parchment damage because it determines the conservation 
method and conservation agents. We suggest the detection 
method of parchment shrinking temperature3,4.

Experimental
The aim of this study was to investigate the influence  

of 2 types of accelerated ageing on parchment properties.
The effects of accelerated ageing on properties of 2 diffe-

rent samples of parchment – goat leather (bothside grounded) 
and calf leather (bleached) – were investigated. The samples 
of parchment were cutinto squares 4 × 4 cm. According to 
norm ISo 5630/1 dry ageing at 105 °C was used during 0, 24, 
72, 168 and 240 hours. The artificial ageing was performed in 
a multifunctional oven APT line Series Fed with the regu-
lation r 3.1 by Fisher Scientific (Czech republic). Second 
type of accelerated ageing used was wet ageing at 30 °C  
and 75% rH during 0, 24, 72, 168 and 240 hours according 
to norm ISo 5630/3. This type of wet ageing was performed 
in a climatic chamber Heraeus voTSCH (Germany) situated 
in Slovak National Archives in Bratislava.

M e a s u r e m e n t  o f  S h r i n k i n g 
T e m p e r a t u r e

Decay of naturally damaged skin is caused by acid hyd-
rolytic and oxidative scission. Both processes are competi-
tive, simultaneous and interactive. The shrinking temperature 
effectively reflects changes in separation of aminoacids cau-
sed by oxidation, chemical scission of tannic acids, the pre-
sence of soluble sulfates and hydrogen ions that are attached 
to hydrolytic scission. According to norm CSN 79 38 414 the 
standard measurement of shrinking temperature indicated 
that the initial shrinking temperature is very important for 
durability and speed of parchment damage. Higher initial 
shrinking temperature signifies higher chemical and physi-
cal stability and hence higher preservation against material 
damage. The disadvantage of this method is high disposal of 
sample material. For this reason we used microscopis method 
for determination of shrinking temperature.

The thermosystem FP90 Mettler Toledo with measure-
ment chamber FP82HT was used for experiment. This device 
consisted of microscope with electronically heated table, 
concave and cover glass, scalpel, preparative needle and as 
a solution water was used. Few fibres (0.3 g) of parchment 
sample were removed using scalpel, placed on concave glass 
with couple drops of water and covered with glass. This way 
prepared sample was placed on the heated table under the 
microscope. The table was heated at the rate of 2 °C min–1 in 
the range of 25–80 °C. Shrinking was observed at magnifica-
tion 40 ×. Studying samples with microscope temperature Ts 
or temperature interval were determined when fibres started 
to shrink. Individual measurements were repeated at least 
two times.

S h r i n k i n g  P r o c e s s
during heating of collagen fibres in water in certain 

temperature interval deformation occurs. The deformation 
consists of fibres shrinking and depends on strength, quality 
and degradation degree of collagen material. This method is 
a measurement of combined chemical and physical material 
stability. The shrinking process of parchment fibres can be 
described in 3 temperature intervals4.

Interval A1/A2 – temperature range when fibre shrinking 
occurs,
Interval – B1/B2 shrinking of a fibre is immediately fol-
lowed by shrinking of next fibre,
interval C – temperature range where fibres shrink 
simultaneously and continuously. Initial temperature of 
this main interval relates to shrinking temperature Ts. 
The process describes following equation:

ΔT = Te – Ts, (1)

where Te is ending/final temperature of interval C. Shrinking 
process stabilizes during the intervals B2 and A2, however 
for historical parchment non of mentioned intervals can be 
observed. Fibres of new parchment in relation to temperature 
proceed following changes:
no fibre acitivity – A1– B1– C– B2– A2 – total fibre shrinking. 

•

•

•
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In practice some intervals could absent at temperature lower 
40 °C and intervals B and C could not be observed when fib-
res lost cohesion. Final value of microscopic determination 
of shrinking temperature depends on the type of skin, sample 
preparation and subjective evaluation.

Results
Measurements of shrinking temperature for samples of 

goat and calf parchment indicated that dry ageing at 105 °C 
caused considerable damage of parchment. ending/final 
shrinking temperature of both parchment samples was lower 
than 40 °C which indicated high degree of damage.

Fig. 1. represents dependency of shrinking temperature 
on time of artificial ageing of goat and calf parchment expo-
sed to dry ageing at 105 °C during 0, 24, 72, 168 and 240 
hours. Shrinking temperature decreased after 240 hours of 
dry ageing by 19 °C for calf skin parchment indeed only by 
12 °C for goat skin parchment. However for both samples 
decrease of temperature below 40 °C was recorded, total 
degration occurred for both samples.

Fig. 2. indicates dependency for wet ageing at 30 °C  
and 75 % rH where calf skin parchment didn’t show any 
damage not even after final ageing. The value Ts after final 
ageing was 63 °C and even higher compare to initial value 
which could correspond to measurement error or the sam-
ple was prepared from different part of skin. For goat skin 
parchment the value decreased after final wet ageing approxi-
mately by 8 °C hence certain damage of parchment occurred. 
experimental values and their comparison indicated that wet 
ageing for both parchments was less drastic and total degra-
dation didn’t occur, just damage.

Conclusions
Changes of shrinking temperature reflected changes  

in collagen structure, agents, pH and overall storage condi-
tions.

Initial shrinking temperature appeared to be suitable 
indicator of parchment durability. We could assume that hi-
gher shrinking temperature higher relative durability.

Since shrinking temperature reflects parchment’s bulk 
condition we can recommend microscopic determination  
of shrinking temperature as a method for testing the damage 
of historical documents made of parchment and also for 
parchment designated for restauration.

This work has been supported by Slovak Grant Agency 
VEGA (project VEGA 1/0800/08) and project MVTS COST 
D42/08. We also thank the Ministry of Education of Slovak 
Republic for the support in the project KNIHA SKn 2003 
SP200 280 301.

Fig. 1. Dependency of shrinking temperature on artificial 
ageing	 of	 goat	 and	 calf	 parchment	 exposed	 to	 dry	 ageing	 at	
105	°C	durings	0,	24,	72,	166,	240	hours

Fig. 2. Dependency of shrinking temperature on artificial 
ageing	of	goat	and	calf	parchment	exposed	to	wet	ageing	at	30	°C	
and	relative	humidity	75	%	during	0,	24,	72,	168,	240	hours

Table I
Shrinking temperatures of goat and calf parchment for dry 
ageing at 105 °C

 Artificial Calf skin Goat skin interval of shrinking [°C]
 ageing [h] Ts [°C]  Ts [°C]  Calf skin Goat skin
 0 57.8 46.8 57.8–66.1 46.8–52.7
 24 51.9 42.3 51.9–59.7 42.3–48.6
 72 42.4 40.3 42.4–52.2 40.3–46.9
 168 40.4 33.3 40.4–49.2 33.3–37.9
 240 38.6 34.8 38.6–43.4 34.8–40.4

Table II
Shrinking temperatures of goat and calf parchment for wet 
ageing at 30 °C a 75 % rH

 Artificial Calf skin Goat skin interval of shrinking [°C]
 ageing [h] Ts [°C]  Ts [°C]  Calf skin Goat skin
 0 60.7 54.5 60.7–64.8 54.5–58.9
 24 59.4 53.3 59.4–65.3 53.3–58.6
 72 60.4 52.4 60.4–66.1 52.4–58.3
 168 60.9 47.9 60.9–69.0 47.9–55.2
 240 62.9 46.3 62.9–68.4 46.3–53.9
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Introduction
In this paper we followed Uv-vIS, SFS spectra and 

chemical properties of different origin soil humic subctan-
ces (HS). We selected HS from following soil types – Modal 
Cambisol, Litic Cambisol, Modal Chernozem, Modal rend-
zina and Modal Pararendzina (Czech soil samples).

Soil quality is closely connected with HS character and 
chemical properties. Humic substances fractionation is con-
tributed to specific amount of humic acids (HA) and fulvic 
acids (FA). ratio HA/FA is one of the important criteria for 
soil quality and health. optical curves and indexes in Uv-vIS 
and SFS ranges indicate chemical properties and structure  
of HS.

Experimental
Fractional composition of HS was made by short fractio-
nation method according to Podlešáková et al. (1992).
Uv-vIS spectra were measured using varian Cary 50 
Probe with optical fiber within the range 300–700 nm.
HS were dissolved in mixture of 0.1M sodium pyro-
phosphate and 0.1M NaoH. SFS spectra were measu-
red after dilution (10 times) using Spectrofluorimeter 
Aminco Bowman Series 2 within the range 220–620 nm 
(at Δλ = 20 nm and temperature 20 °C, scan rate: 
60 nm min–1).
Notes to Fig. s: Modal Cambisol (1), Litic Cambisol 
(2), Modal Chernozem (3), Modal rendzina (4), Modal 
Pararendzina (5).

F r a c t i o n a l  C o m p o s i t i o n  o f  H S 
HS fractional composition showed high FA amount in 

all samples.except Modal Pararendzina. HA/FA ratio was < 1 
in all samples except Modal Chernozem (HA/FA = 3). Humi-
fication degree varied from middle to low as follows: Modal 
Chernozem (Hrušovany) > Modal rendzina (Sloup) > Modal 
Pararendzina (Pouzdřany) > Modal Cambisol (Náměšť nad 
oslavou) > Litic Cambisol (ocmanice).

U v - v I S  S p e c t r a
Absorbance in Uv-vIS range was the highest in Modal 

Chernozem (Fig. 1.). optical indexes increased in following 
order: Modal Chernozem < Modal Cambisol < Modal rend-
zina < Modal Pararendzina < Litic Cambisol. Practically the 
same sequence was found for HA/FA ratio. Increrasing of Q4/6  

•

•

•

•

•

indicated decreasing of HS quality. very similar were opti-
cal indexes (Q4/6) for Modal rendzina, Modal Pararendzina 
and Modal Cambisol (about 6). only modal Chernozem had 
Q4/6 < 4 which indicated high HS quality. very high index 
Q4/6 was found for Litic Cambisol ( > 10) and indicated high 
amount of Fk. 

S F S  S p e c t r a
in SFS spectral range (Fig. 2) five main fluorophore 

peaks were identified: at 359, 450, 469, 489, 501 nm. Some of 
them gave another two peaks at 420, 513 nm (at Δλ = 20 nm).  
All samples had maximum fluorescence intensity shifted from 
shorter to longer wavelength and maximum at 469 or 489 nm. 
According to Senesi et al. (1991) there are some samples with 
more intensive emission (at ∆λ = 20 nm = (λem.– λex.) at 470 
and others with more intensive emission at 488 nm. The last 
is caused by contain of aromatic compounds in HA molecule. 
Modal Chernozem SFS spectra showed the main peak at 
489 nm and the highest relaive fluorescence to compare to 
others. Modal Pararendzina and Litic Cambisol contained 
much more aliphatic compounds and fulvic acids indicated 
by peaks at lower wavelegth 359 a 420 nm. Modal Cambisol 
had no peak at 420 nm.

relative fluorescence indexes (F) were calculated as 
ratio I469/I452. The lowest index (F) was found for Modal 
Chernozem and the highest for Modal Pararendzina. The flu-
orescence indexes it is supossed to be closely connected with 
HS humification degree. 

Fig. 1.	 UV-VIS	spectra	of	HA	isolated	from	different	soil	types

Fig. 2. Synchronous fluorescence spectra of HA isolated from 
different	soil	types
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Results
In Modal Chernozem highest HA amount was found. 

Fulvic acids highest amount was found in both Cambisols. 
HA/FA ratio indicated decreasing HS quality in order: Modal 
Chernozem < Modal rendzina < Modal Pararendzina < Modal 
Cambisol < Litic Cambisol. Linear correlation between Q 4/6 
and HA sum was found.

Uv-vIS spectra showed the highest absorbance in Modal 
Chernozem. optical indexes Q4/6 indicated high HS quality in 
Modal Chernozem and low in Litic Cambisol.

Fluorescence of studied samples was compared with 
literature data and/or with standard. Samples contained sub-
stitued naphtalene and coumarine derivates. Samples had 
similar fluorescence behaviour as elliot soil humic acid stan-
dard (IHSS) and all samples indicated two main excitation 
peaks at 450, 468 nm.

low relative fluorescence index (F) was found in Modal 
Cambisol (0.73). Highest index F was in Modal Pararend-
zina (1.16). From SFS spectra we can also suggested highest 
intensity of fluorescence in Modal Chernozem. These results 
were confirmed by HS fractionation but maximum F index in 
Modal Chernozem was not determined.

Conclusions
We can conclude that HS of different origin had very 

similar SFS and Uv-vIS spectra except lower wavelengths 
and wave numbers. But some differences were observed 
in Modal Chernozem. The last had main fluorophore peak 
at 489 nm. other samples contained main peak at 469 nm. 
uV-ViS spectra were mostly influenced by fractional com-
position (HA, FA content). Samples origin was therefore an 
important factor influencing HS quality.

This work has been supported by Grant Agency of the 
Czech Republic No. 104/03/D135 and by the Grants NAZVA 
QH72039 and QH8120.

reFereNCeS
 1. Podlešáková e. et al.: Rozbory půd, vod a rostlin, 

VUMOP , Praha, pp. 259 (1992). 
 2. Sierra M. M. d., Giovanela M.,Parlanti e., Soriano-

Sierra e.J.: Chemosphere 58, 715 (2005).
 3. Senesi N., Miano T. M., Provenzano M. r., Brunetti G.: 

Soil Science 152, 259 (1991).
 4. Senesi N.: r. Soc. Chem. 1993, 73.



Chem. Listy, 102, s265–s1311 (2008) Physical & Applied Chemistry

s1180

P22	 SENSORIC	PROPERTIES	OF	AROMATIC	
AND	HETEROCYCLIC	COMPOUNDS	WITH	
CONjUGATED	bONDS

oTA SALYka, PAVel BedNářa, MArTIN vALAa and 
jAN VyňuCHAlb

aBrno University of Technology, Faculty of Chemistry
Purkyňova 118, 612 00 Brno,
bResearch Institute of Organic Syntheses, Rybitvi 296, Rybi-
tvi, 533 54, Czech Republic,
salyk@fch.vutbr.cz

Introduction
For expected future hydrogen economy is expected vast 

need of hydrogen operating devices including new sensors, 
while nowadays sensors need extra power for hydrogen dis-
sociation1. There exist a range of organic molecules with three 
valent nitrogen atom with high proton affinity. i case of dike-
topyrrolopyrrole derivatives with pyridyl, piperidyl or mor-
pholinyl ring we obtain a pigment with potential color change 
while protonated. These materials are also semiconductive, 
so protonation can influence their conductivity. it was already 
observed in case of pyridyl derivative2. The protonation itself 
is tested in acids vapour so because in acid water solvent the 
shielding effect of water molecules prevent in proton penetra-
tion to the active centres in rhe dPP film. Protonation in real 
hydrogen gas is possible only after the hydrogen molecule 
dissociation. It proceeds on catalyzer surface of noble metal 
as platinum or palladium3. The presence of electric field sup-
ports the hydrogen dissociation, so the cluster non-conductive 
catalyzer layer between gap electrodes has to be obtained. It 
can be sputtered, evaporated or galvanically electrodeposited 
using anodic alumina templates4

Experimental
Thin films of dPP derivative materials were prepared 

by vacuum evaporation method. Substances composed from 
heterocyclic rings appeared only poor solubility in organic 
solvents in case of no alkyl chain bonded to the molecule. 

Substrates were used according to following investigation; 
low resistivity silicon wafers both for scanning electron 
microscopy (SeM) and atomic force microscopy (AFM) 
were used besides indium tin oxide (ITo) coated low alkali 
Corning glass for electro-optical testing, quartz glass for opti-
cal measurement and gap arrangement on glassed alumina 
plates. 

The deposition of the active DPP layer was carried out 
in the vacuum coating facility B.55.3 Hv Dresden with ulti-
mate pressure 1 × 10–4 Pa pumped by diffusion oil pump. The 
crystal thin film thickness monitor was used for deposition 
monitoring. Thin films of thickness 200 nm were deposited 
on standard substrates. The material was pressed into pel-
lets 6 mm in diameter and about 1 mm high, usually about 
30 mg of mass, which was the proper dose for 200–300 nm 
thick layer without wasting. The sophisticated shape of the 
boat prevented direct radiation of the deposited layer and 
also focused the irradiation onto the pellet, so it decreased 
required heating power. This procedure allowed steady sub-
limation and deposition rate without sputtering of bigger 
clusters or drops and material melting. It also improved easy 
manipulation and cleanness preservation – no powder was 
sputtered into vacuum chamber.

The thickness measured by elipsometry typically  
40–100 nm resulted. The deposition rate was typically  

Fig. 1. Samples of DPP gap structure (10 μm) on glazed alu-
mina	plate	with	aluminium	deposited	contacts

Table I
Series of discussed compounds with melting points Tm [°C]

 U14 U15 U16
 Tm > 300 °C Tm > 300 °C Tm > 300 °C

 U34 U35
 Tm > 300 °C Tm > 300 °C
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0.2 to 0.5 nm s–1. The 10 μm gap was created by aluminium 
evaporation through a 10 μm tungsten wire mask. 

The samples were than investigated on scanning electron 
microscope (SeM) Fei QuANTA 200. No grain structure in 
scale of 50 nm resolution was observed, so the surface appea-
red uniform. 

The samples were than situated into quartz cell and mea-
sured on absorption on varian Uv-vIS-NIr spectrometer in 
hydrochloric acid solution and nitric acid vapours.

Results
Samples from Table I were investigated by acid vapour and 
acid solution effect on colour variation. Thin film samples 
U14, 15 and 16 react on HNo3 vapour presence in etching 
dish by changing their colour from vivid violet to orange; 
samples U34 and U35 exhibit a colour shift from vivid red 
to violet at the same conditions. Similar reaction was obser-
ved in other acid vapours. organic simple acids as formic or 
acetic vapours brought dissolving and destruction of the thin 
film. 

The attempt with water acid solution of various pH did 
not bring any change for samples U14, U15 and 16 and only 
a weak spectral shift in case of samples U34 and U35. It is 
explained by water molecules shielding of protons that can-
not penetrate into active centres of the thin film.

Absorbance spectra in Uv vIS region were scanned 
systematically for thin film samples u34 and u35 on quartz 
glass substrates. The results are presented in Fig. 2., Fig. 3. 
and Fig. 4. The nitric acid vapour treatment causes spectrum 
change, which is steady according to relaxation on air for four 
days. Annealing to temperature above 160 °C returned the 
spectrum back, but not exactly to initial shape. The change 
in relative intensity of the vibronic structure indicates reor-
ganisation of the molecules geometry. The absorbance decre-
ase is also considered as it returned to c-curve after repeated 
HNo3. Both quantitative and qualitative reversible changes 
are well apparent and give an evidence of structure change. 
The reversibility of the spectral change was observed also  

at U14 sample after annealing at 200 °C but already at room 
temperature within 5 days appeared remarkable initial state 
regeneration. 

The spectral variation has following explanation3: Hyd-
rogen ion from the acid is captured on nitrogen atom in the 
pyridyl ring and the complex salt (r – N – H)+(No3)

– resulted 
into colour and structure change. The evolution of No2 
and o2 is possible as well while the free electron remains  
in the material. In case of dissociated hydrogen is presumed 
reaction, where instead of (No3)

–
 ion free electron is created, 

which contributes to material conductivity.
However, the behaviour of the U14–U16 derivatives dif-

fers from the U34 and U35. Since the absorption spectrum of 
the latter derivatives undergo bathochromic shift the former 
derivatives shows large hypsochromic shift. The central part 
of the DPP unit acts as electron acceptor. Substitution of the 
electron donating groups (U14–U16) leads to an increase of 
the absorption coefficient and cause a bathochromic shift. 
The treatment of the derivatives under acid vapour cancelled 
the electron donating character of the substituents and the-
refore caused shift back to the absorption of non-substituted 
diketo-pyrrolo-pyrrole.

Fig. 2.	 Sample	 U35	 –	 Absorption	 changes	 affected	 by	 nitric	
acid	vapour	treatment	and	subsequent	annealing

Fig. 3.	 Sample	U34	–	Absorption	changes	affected	b	nitric	acid	
vapour	treatment	and	subsewquent	annealing

Fig. 4.	 Sample	 U14	 –	 Absorption	 changes	 affected	 by	 nitric	
acid	vapour	treatment
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The conductivity and photoconductivity of the thin film 
was tested as well and its changes with acid vapour treatment 
is also expected (Fig. 5)

Conclusions
Set of thin film samples of dPP derivatives thin films 

prepared by evaporating and spin coating methods were 

investigated by absorption spectra measurements at HNo3 
vapour treatment. The nature of electron donating groups 
was changed by nitric ion and absorption spectra shift was 
observed. Similar behaviour exhibited also other acids. This 
affected also conductivity. The effect was reversible. It is 
believed that it can be exploited for new sensing material 
development, especially hydrogen sensing.

This work has been supported by the Czech Science 
Foundation in the projects GACR 208/08/1594 and by Minis-
try of Industry and Trade of the Czech Republic via Tandem 
project No. FT-TA3/048.
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Introduction
After more than 15 years of academic and industrial 

research worldwide, the class of organic materials, conjugated 
polymers and organic molecular systems, has reached very 
high level of outstanding material properties and the potential 
for different industrial applications is now emerging. resis-
tors, capacitors, diodes, photodiodes, organic light-emitting 
diodes (oled), field-effect transistors and optically pumped 
solid-state lasers can be fabricated by different methods and 
integrated into electronic and optoelectronic circuits1.

In this study, a group of several derivatives of 3,6-diphe-
nyl-2,5-dihydro-pyrrolo[3,4-c]pyrrole-1 ,4 dione, also known 
as DPP (see Table I) were investigated. DPP derivatives are 
mainly used as high performance pigments and are valued 
for their fatigue resistance; nevertheless some of their phys-
ical properties make them as potential candidates for oled 
applications2. 

Molecular oled devices are generally fabricated by 
sublimation under vacuum of successive layers of electron-
and hole transporting materials. In contrast, low-cost solu-
tion-based processing techniques are usually requested for 
industrial production. Therefore four different derivatives of 
diphenyl-diketo-pyrrolopyrrole (DPP) with alkyl side groups 
were synthesized to increase their solubility (see Table I) and 
the question of relation between the chemical structure and 
morphology of prepared thin films were addressed.

Experimental
Thin films of dPP materials were prepared by spin 

coating method and by vacuum evaporation method. Low 
resistivity silicon substrates were used for scanning electron 
microscopy (SeM) and atomic force microscopy (AFM), 
whereas indium tin oxide (ITo) coated low alkali Corning 
glass were used for electro-optical and quartz glass for opti-
cal characterization, respectively. Thin layers spin-casted 
from chloroform-toluene solution (7 : 3) were typically  
100–200 nm thick as measured by elipsometry.

The vacuum deposition of the active DPP layer was car-
ried out in the vacuum coating facility B.55.3 Hv Dresden 
with ultimate pressure 1 × 10–4 Pa pumped by diffusion oil 
pump. The crystal thin film thickness monitor was used for 
deposition monitoring. Thin films of thickness 200 nm were 
deposited on standard substrates. The material was pressed 
into pellets 6 mm in diameter and about 1 mm high, usually 

about 30 mg, which was the proper dose for 200–300 nm 
thick layer without wasting. The sophisticated shape of the 
boat prevented direct radiation of the deposited layer and 
also focused the irradiation onto the pellet, so it decreased 
required heating power. This procedure allowed steady sub-
limation and deposition rate without sputtering of bigger 
clusters or drops and material melting. It also improved easy 
manipulation and cleanness preservation – no powder was 
sputtered into vacuum chamber.
The deposition rate was typically 0.2 to 0.5 nm s–1. Some 
samples were deposited at higher temperature, so the heated 
sample holder with six positions was used in order to enable 
preparing a series of samples at different substrate tempera-
ture. For lower than room temperature the water cooled hol-
der combined with Peltier cell was designed. The substrate 
temperature –20 °C was achieved with water cooling measu-
red by Pt100 thermometer.

The morphology of the samples was investigated by 
scanning electron microscope Fei QuANTA 200.

Table II
Series of discussed compounds with melting points Tm [°C]

 U4 U9 U10
 Tm > 300 Tm = 248–252 Tm  = 118–120

 U11 U12
 Tm = 211–213 Tm = 109–213

Fig. 1.	 Samples	 of	 DPP	 sandwich	 structure	 with	 aluminium	
deposited	contacts
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Results
Theory of thin film growth predict that a particle impin-

ged onto the substrate surface can move laterally unless it 
losses its kinetic energy and finds the energy potential well. 
It is usually after joining with other particles and this par-
ticle – molecules – cluster is the nucleus of future colum-
nar or island structure. Further more crystallization can be 
in process. Usually the uniform thickness and homogene-
ous structure is demanded in order to enable electrical thin 
film device to fabricate. Fig. 2. represents the series of DPP 
derivatives with alkyl chains symmetrically (U10, 12) and 
asymmetrically (u9, 11) bonded. The SeM snaps show, that 
they create crystalline structure with bigger and flat crystals 
in case of symmetric molecules and smaller and fibre crys-
tals in case of asymmetric molecules. The melting point is 
lower in case of longer alkyl chain material, so it results in 
coarse grain structure with no amorphous phase. The island 
structure occurs with holes causing electrical breakthroughs 
in sandwich devices. The U12 material is deposited as amor-
phous islands, but in short time – hours – it crystallises. This 
effect was observed also at other materials with melting point 
round 100 °C and lower.

Condensation of evaporated molecules brought also pro-
blems with adhesion. The high deposition temperature causes 
shrinkage while cooling, more for organics than substrates 
and it resulted into peeling observable especially at U4–150 
sample. The free crystal ends in space give high reflection in 
SeM due to charging and they appeared bright. 

How the surface mobility of condensed molecules cor-
responds to surface temperature explains Fig. 3. The high 
melting point material was deposited by evaporation and 
the grain size corresponded the condensing surface tempera-
ture. The aim of the attempt should be the uniform structure, 
although it was achieved in scale of SeM resolution (50 nm), 
the electrical breakthroughs still appeared. 

Samples prepared by spin coating method behave simi-
larly, but the structure is usually continuous – no islands 
and visible holes m- see Fig. 4. The solvent affects blurred  

Fig. 2. Structure of evaporated thin films of materials U9, U10, 
U11	and	U12

Fig. 3.	 Sample	U4	prepared	at	various	substrate	temperature	–		
10	°C,	18	°C,	100	°C	and	150	°C

Fig. 4.	 SEM	snap	of	U11SC	and	U12SC	spin	coated
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transition when crystals grow just at solvent evaporation, 
but in case latter crystallization the grain boundaries appear 
sharp. 

Conclusions
Set of samples of dPP derivatives thin films prepa-

red both by evaporation and spin coating methods were 
investigated by SeM. Their convenience for sandwich 
electronic devices was criticized by the morphology appea-
rance. The uniform thin film in scale below 100 nm grain 
size was not achieved due to crystallization processes. The 
grain size corresponded to melting point of the materials and 
did not vary rigorously between evaporating and spin coa-
ting method, which one gave better results due to absence of 
holes and continuous layer creation. Crystallization and non 
uniform surface appeared as well. Therefore the optimization 

of the chemical structure and the detail morphology studies 
should be done to achieve homogeneous stable layers sui-
table for oled application. 

This work has been supported by the Ministry of Indu-
stry and Trade of the Czech Republic via Tandem project No. 
FT-TA3/048 and by the Czech Science Foundation by the pro-
ject GACR 208/08/1594.

reFereNCeS
 1. Harrop P., Das r.: Organic Electronics: Forecasts, 

Players & Opportunities 2005–2025, idtechex, New 
York, 2005.

 2. Collona G., Pilati T., rusconi F., Zecchi G.: Dyes Pigm. 
75, 125 (2007).



Chem. Listy, 102, s265–s1311 (2008) Physical & Applied Chemistry

s1186

P24	 THE	INFLUENCE	OF	MECHANICAL	
ACTIVATION	ON	THE	PRODUCTION	OF	THE	
HUMIC	ACIDS	IN	THE	bROWN	COAL

M. SkYBovA and L. TUrCANIovA
Institute of Geotechnics, Slovak Academy of Sciences 
Watsonova 45, 043 53 Kosice, Slovakia 
skybova@saske.sk

Introduction
one of the perspective trends of non-fuel usage of coals 

is the production of humic preparations on its base, which are 
to be used in different branches of industry and agriculture1. 
The most suitable raw material for obtaining these products 
is brown coals2.

Humic acid is one of the major components of humic 
substances, which are dark brown and major constituents of 
soil organic matter humus that contributes to soil chemical 
and physical quality and are also precursors of some fossil 
fuels. They can also be found in peat, coal, many upland stre-
ams, dystrophic lakes and ocean water3.

in the studies of Baláž4,5 was tested the use of mecha-
nical activation, called GACL (Grinding Aqueous Caustic 
Leaching) procedure which is based on the simultaneous 
grinding and leaching of coal. In this process of grinding was 
occurred significant demineralisation and detoxication. The 
content of humic acids increased by more than 2 times. 

recent studies using pyrolysis-FIMS and -GC/MS, mul-
tidimensional NMr and synchrotron-based spectroscopy 
have shown that humic substances posses both aromatic and 
aliphatic characteristics. The dominant functional groups, 
which contribute to surface charge and reactivity of humic 
substances, are phenolic and carboxylic groups6.

Experimental
H y d r o c y c l o n e  S e p a r a t i o n 

The steam brown coal from Handlová Colliery (cent-
ral part of Slovakia) was washed in the WoC (Water-only 
Cyclone). During experiments the WoC was installed in 
hydrocyclone station7 (Fig. 1.). The WoC can be charac-
terized by the following parameters: the inner diameter of 
cylindrical part: 150 mm; the height of this part: 200 mm; the 
diameter of inlet pipe 45 mm. The vortex finder and apex dia-
meters were of 68 mm and 14.6 mm, respectively. The cone 
consisting of three angles (135 °, 75 ° and 20 °) was applied. 
The experiments have been carried out at the input pressure 
of 10 kPa. The concentration of solids was of 100 g dm–3.  
The basic products of washing were collected using sieves 
with a mesh size of 0.5 mm. Finally, circulating slurry was 
collected and included into total material balance. The basic 
coal sample – feed (F), the obtained treatment products, 
i.e. washed coal – overflow (o), were dried, ground below 
0.1 mm and characterized by standard analytical methods. 

e x t r a c t i o n  o f  H u m i c  A c i d s
The coal samples (F, o) were subject to mechanical acti-

vation by the GACL (Grinding Aqueous Caustic Leaching) 
method in following conditions: made-up: 20 g, volume of 
leaching agent: 200 ml, concentration of leaching agent: 
0.1%; 0.5%; 1% and 2% NaoH, leaching temperature: 60 °C, 
grinding period: 60 minutes, revolutions: 400 min–1.

Mechanical wet grinding was performed in the attritor 
Molinex, type 075 Netzch, Germany with a grinding capacity 
of chamber – 500 ml and the grinder filling, i.e. glass balls 
with a weight of 685 g and 2 mm in diameter.

After the performance of the grinding test the solid 
phase was separated from liquid product in the centrifuge 
(JANeTZki T23). After through washing of the leached coal 
extraction in distilled water and after its drying there were 
determine humic acids by standard STN 441347.

1 3 C  N u c l e a r  M a g n e t i c  r e s o n a n c e
The solid-state 13C-NMr spectra were obtained on a 

Bruker Avance 500 WB/US (karlsruhe, Germany, 2003) 
spectrometer.

The following experimental conditions were employed:
a 4 mm Zro2 rotor with standard CPMAS pulse pro-

gram, during the measuring of 13C-NMr signal was applied 
a bipolar decupling – TPPM (two-pulse phase-modulated), a 
pulse length of 4.8 µs, angle of phase modulation was 15 °.

Chemical shifts were assigned according to Maciel8.

S e M  M i c r o s c o p y
Scanning electron microscopy (SeM) of sample of 

brown coal was performed using microscope type TeSlA 
BS 340.

Micro-shots of samples of the brown coal taken from a 
screening electronic microscope were enlargement of 2,000 
times.

Fig. 1.	 Scheme	of	hydrocyclone	station7

1	–	hydrocyclone,	2	–	agitating	tank,	3	–	pump,	4	–	valve	of	reverse	
circuit,	5	–	valve	for	regulation	of	input	press,	6	–	pressure	gauge,	
7 – hydrocyclone input, 8 – heavy product – underflow, 9 – light 
product – overflow, 10 – circulating charge
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Results
The results of chemical analysis of steam brown coal 

and of washed WoC products are presented in Table I. It 
was found that WoC process reduce the amount of ash (the 
washed coal (o) contains lower amount of ash Ad = 9.01 % in 
comparison to the basic sample Ad = 36.80 %).

Several procedures of preparation of humic acids make 
use of the traditional method of caustic treatment of brown 
coal with a relatively higher content of humic acids.

in Table ii there is presented the influence of the con-
centration of leaching agent NaoH during the mechanical 
processing of coal before and after the WoC by the GACL 
method.

Table II show that a greater effect of mechanical activa-
tion by GACL process is determined by using the samples, 
which were not washed and which have a higher content 
of ash. There is the increase 1.5 in average (feed as against 
overflow).

In the case of mechanical activation of basic sample (af-
ter GACL method), the increase of humic acids is 2 times in 
comparison to the basic sample (HA – 1.62 g) before GACL 
method and the amount of humic acids is increased with the 
increase of NaoH concentration.

This same process is observed by using samples after 
WoC, the amount of humic acids before CACL method is 
1.83 g.

The distribution of humic acids into the liquid and solid 
product is significant in the basic samples (liquid product 
HA0.5 = 4.35 g as against HA0.5 = 1.04 g in solid product).

In the samples after WoC, the distribution of the humic 
acids is relatively equal.

The 13C-NMr spectra of the isolated coal HA are shown 
in Fig. 2.a), b). The spectra of HA sample were very similar 
and practically the minimal changes were detected.

Concerning that, coal is very complicated nature pro-
duct; its resolution of nmr spectra is very small for the most 
part. Inasmuch as, there is possible to estimated only basic, 
typical fraction of functional groups:	area of 190–170 ppm – 
carboxylic groups or amidic carbonyls, 170–150 ppm – aro-
matic carbons of phenols and phenolic ester, 150–135 ppm 
– alcylated aromatic carbons, 135–100 ppm protonised and 
unprotonised bridgehead aromatic carbons, 108–100 ppm 
– anomeric CH of cellulose and hemiacetal carbons, 90–
70 ppm – resonance area CH secondary alcohols and other 
carbon atoms binded to oxygen atom., 65–55 ppm – area of 
resonance of CH3 group aliphatic and aromatic ethyleters and 
α-carbons of amino acids, 55–50 ppm – area of resonance of 
CH3 group of metylesters of carboxylic groups, 50–35 ppm 

Table I
Characteristics of brown coal samples from Handlová Col-
liery. Superscripts: d – dry basis, a – analytical specimen, od 
– by difference – according to 100 – (Ad + Cd + Hd + Nd+ 
Sd

Total)

 Characteristics\Product Feed overflow
 Ad [%] 36.80 9.01
 Wa [%] 9.02 7.55
 Cd [%] 46.11 68.12
 Hd [%] 3.04 4.49
 Nd [%] 0.32 0.62
 od [%] 11.78 16.03
 Sio2 [%] 20.42 4.14
 Al [%] 4.14 1.01
 Ca [%] 0.48 0.31
 Mg [%] 0.47 0.12
 Fe – total [%] 1.49 0.59
 S – total [%] 1.76 1.73
 As [ppm] 62.00 66.00

TableII
Mechanical activation of coal using GACL process

Characteristic HA0.1 [g] HA0.5 [g] HA1 [g] HA2 [g]
F: solid 1.41 3.57 1.04 5.39 1.42 4.72 1.34 6.04
 liquid 2.16  4.35  3.30  4.70 
o: solid 1.02 1.94 1.43 2.83 1.92 3.92 1.45 4.85
 liquid 0.92  1.40  2.00  3.40 

a)

b)

Fig. 2.	 13C	–	nuclear	magnetic	resonance	spectra	of	the	humic	
acids – a) Overflow before the GACL process, b) Overflow after 
the	GACL	process
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– area of resonance of quarternary carbons and CH carbons, 
35–25 ppm – area of resonance of CH2 alcylic group and CH3 

acetylic group, 25–1 0 ppm – area of resonance of alcylic 
methyls.

Fig. 3.a) and b) show the micro-shots of the grains in 
mechanically active coal samples after WoC (before and af-
ter the GACL method) in the conditions of active grinding 
time 60 minutes 

Comparing the micro-shots it may be clears that in  
Fig. 3.b), there is obvious aggregation of the grains in the 
ground stock as against 3.a). The mechanism of aggregation 
of ultra-fine grains cannot be definitely specified. 

Conclusions
From the results presented it follow that a greater effect 

of mechanical activation by GACL process is determined by 
using the samples, which were not washed and which have a 
higher content of ash. In the case of leaching of the basic sam-
ple there occurs a significant selective penetration of humic 
acids into the liquid product. In the samples after WoC, the 
distribution of the humic acids into liquid and solid product 
is relatively equal.

This work has been supported by the Slovak Research 
and Development Agency under the contract No. APVV-51-
035505 and by the Slovak Grant Agency for Science VEGA 
(grant No. 2/7163/27). The authors also thank Dr. Brus PhD. 
from the Institute of Macromolecular Chemistry ASCR, for 
the measurement of nmR spektra.
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Fig. 3.	 Shots	of	samples	of	the	Slovak	brown	coal	(Handlova)	
taken	from	a	screening	electronic	microscope	at	a	enlargement	of	
2,000 times: a) Overflow before the GACL process, b) Overflow 
after	the	GACL	process
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Introduction
Many scientists have tried to create the kinetic model 

describing the processes occurred during the nitrogen post-
discharge1,2. These endeavours are not fully successful up to 
now because there are many metastable electronic and vibra-
tional states in nitrogen and the bimolecular and trimolecular 
reactions among these excited states have mainly unknown 
reaction rate constants3,4. If the active discharge turns to the 
post-discharge period there is about 90 % of total energy in 
plasma dissipated into vibration at levels states of the ground 
state5 and during the consequent reactions (including also 
the other excited species) this energy changes to the electron 
excitation, ionization, dissociation and other processes6. It 
means, nearly all the post-discharge kinetics starts by reacti-
ons of metastable vibrationally excited nitrogen ground state 
molecules. This is reason why it is necessary to study vib-
ration distribution function of the ground state in the time 
evolution. vibration distribution function is depended on 
different processes as v-T (vibration-Translation transition), 
v-v (vibration-vibration transition), electron excitation, 
ionization and another. v-T and v-v processes are the most 
important for the evolution of vibration distribution function 
(vDF). Much work is needed for all calculations. However 
we have already finished V-T calculations so this work is 
focused on this only. 

Theoretic	base	of	Numeric	Model
There are two main well known energy transfer pro-

cesses in the ground state: v-T process7, i.e. the transfer of 
vibrational energy into the energy of translational motion of 
molecule (see r1) and v-v process7 where the molecules 
exchange their vibrational excitation energy (see r2). 

v-T:
N2(X 1Σg

+, v) + N2(X 1Σg
+) → r1

N2(X 1Σg
+, v ± 1) + N2(X 1Σg

+)

v-v:
N2(X 1Σg

+, v) + N2(X 1Σg
+, w) →  r2

N2(X 1Σg
+, v – 1) + N2(X 1Σg

+, w + 1)

Nitrogen molecule in ground state has 60 vibratio-
nal levels (from 0th to 59th)8. The SSH (Schwartz-Slawsk-
Herzfeld) theory was used in the presented model9, because 
it is easier than quantum mechanic theory, where calculations 
are more complicated and need longer computation time than 

•

•

SSH theory. on the other hand, SSH theory allows calcula-
tion of the rate coefficients for the first 46 vibration levels 
only. 

The rate coefficients of all two body collisions must be 
known for the numeric model of v-T process. 46 different 
particles with 46 kind of two body reactions are used in SSH 
theory because the state of the second interacting particle is 
not resolved. each particle can transfer its state to any from 45 
others but transition with Δv > ± 1 have very low probability 
at temperatures below 1,000 k and thus can be neglected. 

This is reason why model calculates and uses only Pv,v–1 
(probability of transition from v to v – 1) and Pv–1,v (probabi-
lity of transition from v – 1 to v). 

C a l c u l a t i o n  o f  T r a n s i t i o n
Transitions probabilities for both v-T and v-v processes 

were calculated using SSH theory for the lowest 46 vibratio-
nal levels using the following set of equations.

 
(1)

 (2)

 
(3)

 (4)

 (5)

 (6)

 (7)

 (8)

 (9)

(10)

(11)

(12)

(13)
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our model includes two basis of calculation. The first 
one is based fully on theory, the second way uses experimen-
tal value of P1,0 probability and the other probabilities are 
computed by SSH theory.

In presented schemes 1 and 2 you can see sequence of 
equations used in numeric model. 

Scheme 1
equations for calculation of probabilities for vibration-
translation transfer Pv,v-1 and Pv-1,v by SSH theory with 
correction to quantum mechanic theory. This scheme 

shows calculation of all probabilities from SSH theory.

Scheme 2 
equations of calculation probabilities for vibration-translation 

transferPv,v-1 and Pv-1,v by SSH theory with correction to quantum 
mechanic theory. This scheme shows calculation of probabilities 

from SSH with used experimentally obtained probability P1,0 value. 

Results
The gas temperature, pressure and vibrational quantum 

number are the main parameters of calculation. The calcu-
lated rate coefficients are shown in Figs. 1 and 2. The proba-
bilities for the exothermic v-T transfer Pv,v–1 are higher than 
probabilities for endothermic v-T transfer Pv–1,v. Both these 
probabilities increase with the increase of vibration quantum 
number because energy difference between neighbour levels 
decreases with the increase of v according to the anharmonic 
potential curve of electronic state.

Also it can be seen that probabilities obtained by theory 
(“TH”) are smaller than probabilities from theory with expe-
rimental value of P1,0 coefficient (“eX”). These figures show 
the strong dependence of all probabilities on temperature. 
Temperature increase of about three times evokes the proba-
bility increase of about three orders in magnitude. 

 (14)

 (15)

 (16)

 (17)

 (18)

 a(Tg)  Correction coefficient
 d Particle diameter
  energy difference of simultaneous transfer
  from level “v” to “v – 1” and from “w – 1” to “w”
 Eν vibration energy
 F(y)  Adiabatic factor
 F(Y1,0)  Adiabatic factor, for transfer from 1 to 0 level
 F(Y0,1) Adiabatic factor, for transfer from 0 to 1 level
  Adiabatic factor, for transfer from 1 to 0 
  level by first molecule and from 0 to 1 
  by second molecule
 F(Yν,ν–1)  Adiabatic factor for “v” to “v – 1” transfer
  Adiabatic factor, for transfer from “v“ to “v – 1” 
  level by first molecule and from 
  “w – 1“ to “w” by second molecule
 g Factor
 ħ Modified Planck constant
 k Boltzmann constant
 L Parameter characterizing magnitude 
  of repulsion potential
 μ Total reduced mass of both molecules by collision
 , reduced mass of molecule A2 and B2
 P1,0

 Probabilities of excitation transfer from 
  vibration level 1 to level 0
  Probability of simultaneous transfer 
  from vibration level 1 to level 0 and 
  from level 0 to 1 by second molecule
 Pν–1,ν

 Probability of transfer from 
  vibration level “v – 1” to level “v”
 Pν,ν–1

 Probability of transfer from vibration   
  level “v” to level “v – 1”
  Probability of transfer from vibration 
 Pν,ν–1[ok] level with correction (from SSH 
  theory to quantum mechanic theory) 
  Probability of simultaneous transfer 
  from vibration level “v” to level “v – 1” 
  and “w – 1” to “w” by second molecule
  Probability of simultaneous transfer 
  from vibration level “v – 1” to level
  “v” and “w” to “w – 1” by second molecule
 Tg Neutral gas temperature 
 ν vibration level

 variables Names of variables

 ω Fundamental vibration frequency 
  (for N2 ground state ω = 4.443.1,014 Hz)
 , vibration frequency of A2 and B2molecule
 χe

 Constant of anharmonicity 
  (second virial coefficient)
  Anharmonicity constant for A2 

  and B2 molecule 
 y Distance between molecules A2 and B2
 Yν,ν–1 Factor

  Factor

 
Z Collisions frequency
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v i b r a t i o n  D i s t r i b u t i o n  F u n c t i o n
vibration distribution function (vDF) is time dependent 

during the post-discharge. The initial vDF is the same as 
in an active discharge and it can be calculated using active 
discharge conditions. Fig 4. shows vDF time evaluation at 
300 k and pressure of 1,000 Pa.

evolution of VdF shows decrease of population at the 
highest vibration levels. The populations at lower levels do 
not show any significant changes during initial part of post-
discharge. As particles at higher vibrational levels have higher 
v-T probabilities, they are more or less in Boltzmann distri-
bution (see blue line in Fig. 4., particles with v > 20), while 
particles at the lower vibration levels conserve more or less  

Fig. 1.	 Dependence	 of	 probabilities	 for	 vibration-translation	
energy	transfer	Pv,v–1	and	Pv-1,v	on	vibration	level	at	temperature	
400	k.	Curves	“TH”are	just	from	theory	SSH	with	correction,	
and	 curves	 “Ex”	 are	 from	 theory	 with	 experimental	 value		
of	P1,0 coefficient

Fig. 2.	 Dependence	 of	 probabilities	 for	 vibration-translation	
transfer	 Pv,v–1	 and	 Pv–1,v	 on	 vibration	 level	 at	 temperature	 of	
1,000	k.	Curves	“TH”	are	just	from	SSH	theory	with	correction,	
and	 curves	 “Ex”	 are	 from	 theory	 with	 experimental	 value		
of	P1,0 coefficient

Fig. 3.	 Dependence	 of	 probabilities	 Pv,v–1	 (from	 theory	 and	
experimental	 P1,0)	 under	 temperature	 300	k	 (red	 line),	 400	k,	
600	k	and	1,000	k	(blue	lines)	for	vibration	level

Fig. 4.	 Time	 evaluation	 of	 vibration	 distribution	 function	 at	
300 K (t(start) is t = 10–5 s, t(1/4) is t = 10–3 s, t(middle) is t = 10–1	s,		
t(3/4) is t = 101 s, t(finish) is t = 103	s)

Fig. 5.	 3D	diagram	of	vibration	distribution	function	at	600	k
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the initial distribution function. The same situation is 
described also in Fig. 7 for higher temperature. 

Fig. 6. demonstrates the time evolution of relative vib-
rational populations. It can be seen that all populations are 
significantly higher at higher temperatures. it is also evident 
the populations at higher levels decrease earlier than at lower 
levels.

energy vibration distribution function (evdF) is time 
dependent during the post-discharge. The initial evdF is the 
same as in an active discharge and it can be calculated using 
active discharge conditions. Fig. 7. shows evdF time evolu-
tion at 1,000 k and pressure of 1,000 Pa.

evolution of evdF shows decrease of population at the 
highest vibration energy. The populations at lower vibrational 
energy do not show any significant changes during initial part of 

post-discharge. As particles at higher vibrational energy have 
higher v-T probabilities, they are more or less in Boltzmann 
distribution (see in Fig. 7, particles with ev = 0.9 × 10–18 j),  
while particles at the lower vibration energy conserve more 
or less the initial distribution function. The same situation is 
described also in Fig. 8 for more temperatures. 

The small increase of the population is well visible at the 
decay time of 10 s originates in the faster decrease of popula-
tions at higher levels.

Conclusions
This work was focused on the numeric modelling of v-T 

energy transfer in nitrogen molecule ground state. This pro-
cess is one of the main mechanisms during the post-discharge 
when the systems changes its conditions from an active 
discharge to the common Boltzmann distribution at given 
(usually ambient laboratory) temperature.

The calculations were made using two approaches. The 
SSH theory with correction to the quantum mechanics was 
used in the first one, the second one was the same with inclu-
ded experimental value of P1,0 probability. The v-T proba-
bilities calculated by the first procedure were significantly 
smaller than that calculated by the other procedure. In both 
cases, probabilities for the exothermic v-T transfer (change 
of vibrational level Pv,v–1) are significantly higher than that 
for the endothermic (change of vibrational level Pv–1,v). The 
v-T transfer probability increased with the increase of vibra-
tional quantum number due to the anharmonic potential curve 
of the ground electronic state. Due to this fact, the Boltzmann 
equilibrium distribution was reached at earlier post-discharge 
times at higher vibrational levels; the highest levels (over 40) 
were nearly the equilibrium even at begin of calculation.

The temperature had very high effect on the transition 
probabilities. The temperature increase of about three times 
evoked the v-T probability increase of three orders indepen-
dently on vibrational level. on the other hand, the decrease of 

Fig. 6.	 Relative	populations	at	selected	vibration	levels	during	
the	post-discharge.	Red	lines	are	concentrations	at	temperature	
of	300	k	and	blue	lines	are	concentrations	at	400	k,	600	k	and	
1,000	k

Fig.	7.	 Vibration	energy	distribution	function	at	1,000	k,	where	
t(start) is t = 10–5 s, t(1/4) is t = 10–3 s, t(middle) is t = 10–1	s,		
t(3/4) is t = 101 s, t(finish) is t = 103	s,	 smooth	 red	 line	 is	 bolt-
zmann distribution for infinity time. EvDF is nearly the same as 
VDF	but	vibration	levels	are	recalculated	to	vibration	energy

Fig. 8.	 Vibration	 energy	 distribution	 function	 (EvDF)	
at	 300	k	 (red	 lines),	 400	k,	 600	k	 and	 1,000	k,	 t(start)	
is t = 10–5 s, t(1/4) is t = 10–3 s, t(middle) is t = 10–1	s,		
t(3/4) is t = 101 s, t(finish) is t = 103	s
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vibrational populations during time is slower at higher tem-
peratures.

The presented model showed evolution of vDF by v-T 
process. For the description of any real system more other 
processes (v-v, pooling, step-vise ionization and others) are 
needed to include and calculation of real system realization 
needs a lot of hard work and time. Its necessary to know more 
constants of system, new rate coefficients (that are strongly 
temperature dependent) and thus it is a really complex task. 
V-T process simulation was the first step on the way to com-
plex numeric model of the post-discharge phenomenon.

This work has been supported by Czech Science Foun-
dation, projects No. 202/05/0111 and 202/08/1106 and also 
by the SOCRATES-ERASMUS scholar ships.
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Introduction
Use of the color information for non destructive eva-

luation of wood has some advantages and drawbacks. 
Advantages of color information on lignocellulosics: Visu-
ally evaluated color information are widely used in common 
praxis and in everyday life for grading, production control, 
sale, decisions of consumers, aesthetic and economical value 
evaluation, in utilisation, renovation and recycling of wood 
materials and products. The quantified color data have shown 
to be valuable tool in forestry and forest products area, espe-
cially in the areas and processes of production of decorative 
wood1, storage2, drying and steaming3; veneers production4, 
coating5, testing of ageing6, aesthetic evaluation7, pulp and 
paper production8, wood pyrolysis9 tec.

The most widely used in the material engineering area 
inclusive wood science and technology is the Cie system.

The advantage of usage the color information for eva-
luation of diferences between controled and plasma modified 
surfaces colored with standard dyestuff solution in water is 
the potentialy practical readability of the method and the 
color information. The method would express more or less 
directly the water-repellent properties: the less water soluble 
dyestuff has been adsorbed the higher the water-repellency 
and the hydrophobicity. It could further correlate with the 
end-use properties of plasma treated wood surfaces e.g. man-
tainability and dirtability.

Disadvantages of color information on lignocellulos-
ics: In spite of their value-estimating and industrial meaning 
analysed in the works cited above, are the color information 
and another optical properties of wood not so systematically 
known as the other physical, mechanical and chemical pro-
perties. 

We have selected Cie l*a*b* – space as the most sui-
table space for the communication on the color of wood and 
for systematic presentation of the wood color as well as for 
monitoring color differences and kinetic changes of lignocel-
lulosic materials10,11.

For measurement of changes of surface polarity there are 
used methods and parameters such as: contact angle, surface 
energie of solid surfaces, spectroscopic methods for measu-
rement of polar and non-polar functional groups and com-

pounds, for an instance after their extraction from the surface 
of lignocellulosic materials (LCM)12. For characterization 
of LCM surfaces nowadays exists also many spectroscopic 
methods, which investigate functional groups of the surface, 
while many of them work at ultra high vacuum.13 If it comes 
to the change of LCM surface ad effectum of plasma, change 
of ability to absorb color substances can occur. For example, 
when hydrophobization strikes, LCM surface takes less of 
polar dyeding solution or dyestuff.

Measurement of the change of surface polarity should 
be in such a case performable also on the basis of change 
colorability or change of dyestuff adsorption on the unmodi-
fied surface as well as on the surface modified with diffuse 
surface coplanar barrier discharge (DCSBD).

Experimental
In experimental part was proposed new method for mea-

surement of polarity changes on the LCM surface by means 
of colorimetry. 

Change of colourity can be measured colorimetricaly 
in whole range by microspectrophotometer, which gives the 
exact value Δe*. 

* * 2 * 2 * 2e ( ) ( ) ( )L a b∆ = ∆ + ∆ + ∆  (1)

Value of Δe* refered to a plasma untreated dyed LCM 
surface (control sample). Measurement of color coordinates 
of surfaces was performed by colorimeter Minolta, Cr–200.

Surface analysis offers information about chcemical 
composition, level of impurity, physical structure or morpho-
logy of surface. 

By measuring the contact angle it is possible to study 
effects of wetting. For reproducibility of results of measure-
ment contact angle is necessary to keep constant conditions: 
quality of testing solution, constant volume and size of drop, 
quality of surface (homogenity). Direct measurement of con-
tact angle shoul be performed on lighted drop sitting on solid 
surface. 

Contact angle θ by Surface energy evaluation sys-
tem (See System)14, which captures profile of solid/liquid 
meniscus of a liquid drop set on a solid surface with build-in 
camera. Images taken with camera are subsequently trans-
fered into See System software, where they are processed 
for evaluation of surface free energy, it’s portions, contact 
angles etc. 

P r e p a r a t i o n  o f  S a m p l e s
Samples of european spruce (Picea excelsa) with 

dimensions of 8 × 2.5 × 0.5cm were used during the experi-
ment. The spruce was chosen as a commercially used wood. 
All samples were air-conditioned prior the treatment in air-
conditioned chamber with relative humidity rH = 50 ± 2% 
and temperature T = 23 ± 1 °C during at least 4 hours. The 
surface of samples was sanded by 150-grit paper. After san-
ding the spruce surface was blasted by air stream to remove 
attached dust. The spruce surface was air blasted also after the 
plasma treatment, in order to remove possible low molecular 
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fragments from the surface. Water droplet contact angle was 
measured with Surface energy evaluation system (See Sys-
tem)14. Plasma treatment of wooden samples was done by 
the Diffuse Coplanar Surface Barrier Discharge (DCSBD) –  
a planar source of the low-temperature plasma15. The DCSBD 
electrodes, consisting of 15 pairs of silver strip electrode 
embedded 0.5 mm below the surface of 96% Al2o3 cera-
mics, was supplied by HV generator liFeTeCH VF300. The 
mutual distance of the 200 mm long and 2 mm wide silver 
strip electrodes was 1 mm. Discharge was supplied by har-
monic 1,86 kHz sine high voltage of (100 ± 5) Watt, which 
gives 0.92 W cm–2	of power per treated area of sample. 

The electrode was mounted inside the closed reactor 
chamber equipped with forced air ventilation with air flow 
4 dm3 min–1 . 

The mutual distance dp-w was adjusted by the stack of 
0.13 mm thick microscope cover slips in amount (0–10 pieces) 
inserted between the surface of plasma electrode and surface 
of treated wood sample. After the treatment, samples were 
put again into the air-cond. chamber, where stayed another 
24 hours. After this periode they were colored with 10% water 
solution of stain commercially known as Spoloxyl blue 6.  
Filter paper previously submerged 10 s in stain solution was 
put on the sample surface, then was loaded with 3 kg weight 
during 5 s and on the end, excess of stain was sucked out by 
clean filter paper loaded with 3 kg weight during 5 s. After 
this procedure, samples stayed for 4 hours in air-conditioned 
chamber and after that they were measured by colorimeter 
Minolta Cr–200. Color coordinates of LCM surfaces were 
measured and color difference Δe* was calculated from 
them.

M e a s u r e m e n t  o f  C o n t a c t  A n g l e
The thermodynamic properties of spruce wood samples 

were investigated by means of the sessile drop technique  
using the Surface energy evaluation System (See System, 
http://www.advex-instruments.cz,10.5.2008). The con-
tact angles were measured directly from the images of the  
solid/liquid meniscus of a liquid drop set on a solid, taken with 
build in camera. Because the sessile drop gradually spreads 
over the wood surface, thus reducing its contact angle value, 
the initial contact angle was taken only.

M e a s u r e m e n t  o f  W a t e r  U p t a k e  T i m e
For measurement of water uptake time was used 5-μl 

droplets of deionized water, which were applied onto spruce 
surface with krűss single auto-dosing system d03004. Water 
uptake time was measured at the same time as the measu-
rement of contact angles.The determination of water uptake 
time has been done in accordance with16 in order to mutu-
ally compare obtained results. The water uptake time was the 
time interval from the impact of the droplet to the complete 
penetration of the droplet into the wood surface (no optical 
reflection can be seen).

Results
Table I sumarizes results from the measurements of color 

coordinates, total color difference, surface contact angle and 
water droplet uptake time as a function of mutual distance 
of the sample surface and surface of plasma electrode. By 
having look at color coordinates of plasma treated samples 
and their comparison with untreated sample is obvious, that 
plasma causes changes in colorability of plasma treated lig-
nocellulosic surfaces. At the same time it is possible to say, 
that contact angle of plasma untreatet sample is almost the 
same as that treated from the distance 0.3–0.4 mm above 
plasma electrode. The same behaviour was observed in the 
case of water uptake time. 

Fig. 2. shows dependance of contact angle θ on mutual 
distance dp-w between surface of treated sample and surface 
of DCSBD plasma electrode. There is also present line repre-
senting value of 62 ° which matches with plasma untreated 
sample (control). At distance between 0.3 and 0.4 mm is con-
tact angle of the plasma treated surface equall 62 °. Plasma 
makes treated surface hydrophilic (i.e. contact angle is less 
than 62 °). The generation of plasma at zero distance (i.e. the 
wood sample lying directly on the DCSBD electrode) was 

Fig. 1.	 DCSbD	plasma	system	scheme

Fig. 2.	 Change	of	contact	angle	as	a	function	of	different	mutual	
distance	dp-w	between	surface	of	treated	sample	and	surface	of	
DCSbD	plasma	electrode.	Dashed	line	represents	untreated	con-
trol	sample
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allowed due to the natural porosity and roughness of wood 
sample. 

Samples in direct contact with the plasma electrode 
became more hydrophilic after the treatment which corre-
sponds with significantly higher rate of water uptake as can 
be seen on Fig. 3. Samples which were more than 0,4 mm 
over the surface of plasma electrode became after the plasma 
treatment more hydrophobic which corresponds with longer 
period of water uptake (Fig. 3.) on their surface as well as 
with the higher contact angle in comparison to that of control 
sample. 

Fig. 4 shows dependance of the total color difference on 
∆e on mutual distance dp-w between surface of treated spruce 
sample and surface of DCSBD plasma electrode. There are 
two peaks. First lays in the range of 0mm up to 0.4 mm. Total 

color difference rises from 0 to 10.6 at dp-w = 0.2mm and 
then slowly decreases to 10.2 at dp-w = 0.4 mm which core-
lates with the thickness of plasma layer generated in air with 
the used experimental setup. By further increasing the mutual 
distance, ∆e* starts to rise again and reaches maximum value 
of 29.2 at dp-w = 0,8–0,9 mm and then starts to decrease. it 
seems to be, that plasma has two effects. one, when sam-
ples are in close distance up to 0.3–0.4 mm, where are treated 
directly with the generated plasma layer. At distances above 
0.4 mm there is no visible generated plasma layer, but there 
is still area above the layer, which is also active at plasma  

Table I
evaluation of color coordinates of stained lCM surfaces treated with dCSBd plasma by Cielab system. dCSBd plasma 
treated surfaces were colored with 10% water solution of stain commercially known as Spoloxyl blue 6 and are compared 
with plasma untreated controll sample, where: dp-w – mutual distance of the surface of sample and surface of plasma electrode, 
θ – contact angle, τw-water uptake time, L* – lightness, a* – red-green axis, b* – yellow-blue axis and Δe* – total collor  
difference

 dp-w [mm] L* a* b* Δl*2 Δa*2 Δb*2 Δe* θ [°]  τw [s]
 Cont. 35.57 –8.22 –27.7 0 0 0 0 62 30
 0 37.4 –11.2 –26.3 3.5 9 1.9 3.8 31 4
 0.1 41.3 –13.9 –23.3 32.3 32.6 19 9.2 47 10
 0.2 41.8 –14.7 –22.1 38.6 41.9 31 10.6 54 14
 0.3 40.3 –14.0 –20.5 22.4 33.8 52 10.4 57 16
 0.4 41.7 –13.5 –21.4 37.2 27.7 40 10.2 69 45
 0.5 42.3 –15.7 –18.6 45.4 55.8 84 13.6 83 450
 0.6 48.4 –15.1 –8.2 164.6 47.3 381 24.4 103 630
 0.7 44.8 –13.3 –14.5 84.8 26.0 173 16.9 100 550
 0.8 52.7 –12.3 –4.5 294.5 16.8 540 29.2 107 870
 0.9 49.0 –15.3 –12.3 180.4 50.7 238 21.7 91 510
 1 43.2 –14.3 –19.2 57.5 37.2 73 12.9 82 370

Fig. 3.	 Change	of	water	uptake	 time	τw	 as	a	 function	of	diff-
erent	mutual	distance	dp-w	between	 surface	of	 treated	 spruce	
sample	 and	 surface	 of	 DCSbD	 plasma	 electrode.	 Dashed	 line	
represents	untreated	control	sample

Fig. 4. Change of total color difference ΔE*	 as	 a	 function	 of	
different	mutual	distance	dp-w	between	surface	of	treated	spruce	
sample	 and	 surface	 of	 DCSbD	 plasma	 electrode.	 The	 biggest	
color	difference	was	obtained	when	the	sample	was	during	the	
plasma	 tretment	 approximately	 0.8	mm	 over	 the	 surface	 of	
plasma	electrode.	At	this	point	also	the	strongest	hydrophobiza-
tion	took	the	effect
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treatment. This area is responsible for hydrophobization of 
lignocellulosic surfaces, while are bellow 0.3 mm makes sur-
face hydrophilic. However, whole range of distances from 
0 mm up to observed 1.17 mm causes changes in colorabi-
lity 

Table II shows color parameters measured at samples of 
spruce treated by DCSBD plasma and their correlations with 
the contact angle and water uptake time. Individual paramaters 
are ordered from that with the highest correlation with both 
above mentioned characteristics of surface polarity, which is 
parameter b*. This parameters correlates with contact angle 
as well as with the water uptake time very well (91and 93 %). 
Also Δe*, L*,(Δb*)2, (Δl*)2 correlate quite well, so they can 
be used for evaluation of changes on the lignocellulosic sur-
face caused by DCSBD plasma treatment. Parameters a* and 
(Δa*)2 don’t correlate with above mentioned characteristics 
of surface polarity and they are not suitable for evaluation 
of intake capability of lignocellulosic surfaces by adsorption 
dydeding method.

Conclusions
The particular aim of this paper is to propose and test 

characteristic color parameters and to correlate them with 
polarity changes on the wood surface made by DCSBD 
plasma treatment.

The new method for evaluation of changes in polarity of 
solid lignocellulosic surfaces by measurement of differencies 
of trichromatic components between untreated and plasma 
treated surface colored by given standard dye was developed. 
Measurement was performed in Cie lab system. it was veri-
fied, that by measurement of color difference it is possible 

to evaluate polarity of lignocellulosic surfaces, what was 
confirmed by comparison of this method and other utilized 
methods for measurement of polarity changes such as measu-
rement of water uptake time and contact angle.

This work has been financially supported by the Slovak 
Research and Development Agency, Project No. APVT–20-
033004 “Study of atmosperic plasma surface treatment of 
solid wood materials “
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describing the polarity of lignocellulosic materials (θ contact 
angle, τw – water uptake time)

 Coefficient of corelation
 order Parameter r2 for
   Contact Water uptake
   angle (θ) time (τw)
 1 b* 0.91 0.93
 2 Δe* 0.90 0.92
 3 L* 0.87 0.89
 4 (Δb*)2 0.81 0.89
 5 (Δl*)2 0.78 0.87
 6 a* –0.33 –0.14
 7 (Δa*)2 0.31 0.15
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Introduction
Alginate and k-carrageenan are seaweed carbohydrate 

biopolymers commonly used in bioencapsulation. 
The high content of polyunsaturated fatty acids, caro-

tenoids and other oxygen sensitive lipid molecules make 
seabuckthorn oil susceptible to oxidation, limiting its appli-
cation. This paper examines the microencapsulation effi-
cency, the release and oxidation process of seabuckthorn oil 
encapsulated in ionotropically crosslinked alginate-carragee-
nan complex beads, using the Fourier transformed infrared 
(FTIr) spectroscopy.

Experimental
Sodium alginate (SA) was purchased from Promova, k-

carrageenan (k-Car) from Danisco, calcium chloride (CaCl2) 
from Sigma Aldrich, sea buckthorn oil (SBo) was extracted 
from the fruits of sea buckthorn, which were collected from 
Transilvania region, romania. 

B e a d s  P r e p a r a t i o n
SA (0.75 %, w/v) and k-Car (0.75 %, w/v) were dissol-

ved in de-ionized water and were used to encapsulate the 
SBo by ionotropically cross-linked gelation. The SBo-SA-
k-Car emulsion obtained was dropped using a syringe with a 
needle (0.4 × 20 mm) into a hardening bath 2% (w/v) solution 
of CaCl2 in water.

M i c r o s c o p y
images of emulsions at magnification 10 × were obtai-

ned using an inverted microscope olympus, with a digital 
camera.

F T I r - A T r  m e a s u r e m e n t s
The FTIr spectra were obtained with a Fourier trans-

form spectrometer (Perkinelmer), equipped with ATr. The 
oxidation process induced by Uv light (254 nm) after 1, 4 
and 6 hours was monitored calculating the ratios between 
absorbance of some relevants spectral bands of free and 
encapsulated oil.

e n c a p s u l a t i o n  e f f i c i e n c y  ( e e  % ) 
o f  t h e  S B o

ee % was calculated taking into consideration the 
amount of β-carotene contained by SBo, before and af-
ter encapsulation. The amount of β-carotene was assayed 

spectrophotometrically at 454 nm using tetrahydrofuran 
(THF) as solvent, and also as a solvent to extract β-carotene 
from beads. The formulae (1) was used:

ee % = C1/C2 × 100, (1)

where: C1 = β-carotene concentration content in the SA-k-
Car beads [mg dm–3] and C2 = β-carotene concentration in 
SBo before encapsulation [mg dm–3].

C a r o t e n o i d s  r e l e a s e  r a t e s 
M e a s u r e m e n t  f r o m  B e a d s

Control release of carotenoids contents fom beads in dif-
ferent solvents: methanol, hexane and THF were measured 
spectrophotometrically. The absorption spectra were obtained 
with a jasco Uv-vIS spectrometer the range 300–500 nm.

Results
Emulsion stability evaluations. The microscopic ima-

ging of the SBo-SA-k-Car emulsion used for encapsulation 
reveals the presence of polydisperse oil droplets with sizes 
between 20–50 µm (Fig. 1.a.). 

Beads characterization. orange beads obtained from 
the emulsion had a diameter between 2–3 mm and spherical 
shapes were obtained (Fig. 1.b.). 

Encapsulation efficiency of the oil. β-carotene content 
of SBo oil was 1.212 mg dm–3. The β-carotene content in the 
SA-k-Car beads was 1.1964 mg dm–3, showing that the ee% 
of β-carotene in beads was 98.71 %.

Carotenoid release rates measurement from beads. The 
carotenoid release rate was substantially slower in hexane 
than in the case of the methanol and the best release was 
obtained into THF (Fig. 1. c.). THF was demonstrated to be 
one of the best solvents to extract carotenoids, as mentioned 
elsewhere.

FTIR-ATR measurements. FTIr spectra of SBo, SA, k-
Car and SA-k-Car blank beads are shown in Fig. 1.d..

The SA spectrum showed the characteristic peaks at 
3242 cm−1 (oH− stretching), 1,596 and 1,407 cm−1 (Coo− 
asymmetric and symmetric stretching), 1,081–1,024 cm−1 
(C – o – C antisymmetric stretching), and carboxyl and car-
boxylate at about 1,000 to 1,400 cm−1. The sign of o – H 
deformation of water is evident near band 1,640 cm–1 in all 
spectra.

 FTIr spectrum of k-Car powder showed various 
distinct peaks: 3,514 cm–1 due to polyhydroxy (oH)n group; 
2,953, 2,911 and 2,894 cm–1 due to the C – H stretch; 1,474 
and 1,400 cm–1 due to C – H deformation; 1,223 cm–1 due to 
the S = o stretch of sulfate ester salt; 1,063 cm–1 C – o stretch 
of cyclic ethers; 924 cm–1 due to the C – o stretch of polyhyd-
roxy groups attached to carbons.

in FTir spectra of SBo some of the most significant 
bands are the following1,2 the band at 3,485 cm–1 is assigned 
to the overtone of the glyceride ester carbonyl; band appearing 
at 3,005 cm–1 in the spectrum to the CH stretching of = C – H 
bonding; the two intensive bands at 2,922 and 2,853 cm–1 
are assign to the aliphatic CH2 asymmetric and symmetric  
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stretching vibration, respectively; the band at 1,744 cm–1 is 
assigned to the C = o stretching vibration of the ester carbonyl 
functional group of the triglycerides; at 1,464 cm–1 is obser-
ved a band which is assigned to C = H scissors deformation 
vibration; the band near 1,377 cm–1 is assign to the bending 
vibration of CH2 groups; the bands at 1,160 and 1,236 cm–1 
are assign to the vibration of the C – o ester groups and CH2 
group.

We considered as markers of oxidation processes in SBo, 
the following ratios between absorbances of these important 
bands: A2,853/A3,005, A2,853/A1,744, A2,853/A1,160, A1,744/A3,005, 
A1,377/A3,005, A1,160/A3,005 .

According to observations made by Guillen et al.2, the 
values of ratios between absorbances of some important 
bands which are parameters of the oxidation level indicate 
a second or third stage oxidation of the pure oil, comparing 
with the first stage of oxidation of encapsulated oil. 

Conclusions
A good encapsulation efficency of 98.71 % was obtained for 

SBo in SA-k-Car complex, and the best release in THF. encapsu-
lation in SA-k-Car improved SBo stability. The encapsulated oil 
showed better stability against oxidation, as indicated by FTIr 
markers.

This work has been supported by Romanian Research 
Project CEEX Modul III, BRG-Ronet, 195/2006.
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Fig. 1.	 a	–	the	microscopic	imaging	of	the	SbO-SA-k-Car	emulsion,	b	–	SA-k-Car	beads	with	SbO,	c	–	carotenoid	release	rates	mea-
surement	from	beads,	d	–	FTIR	spectra	of	SbO,	SA,	k-Car	and	SA-k-Car	blank	beads
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Introduction
The humic acid (HA) plays an important role in determi-

ning soil characteristics by influencing its chemical, physical, 
and biological properties. Content of soil organic matter in 
soil is a reflection on the decomposition of existing humus 
and the formation of new humic substances from plant and 
animal remains. The chemical composition of post-harvest 
residues which is very important factor of formation of 
humic substances, as well as their physico-chemical proper-
ties should be taken into account Gonet and Debska3. The 
application of 13C-NMr spectroscopy to the study of humic 
substances in soils and sediments has been reviewed by Chu-
kov2. In this study, the reliability of the analyses was assessed 
the relative abundance of different HA carbon types, derived 
from NMr spectra.

Experimental
Post-harvest residues with different chemical composi-

tion were used as sources of organic matter in model incu-
bation experiment, at temperature 23–25 °C, in a constant 
humidity of 60 % for period one years. A laboratory incuba-
tion experiment was carried out in pots with and without the 
soil according to following scheme:

variant (symbol) materials
Lo Haplic Luvisol (soil)
Wr Wheat residues (straw and roots, 4 : 1 ratio)
lo+Wr Soil + wheat residues (lo to Wr = 10 : 1)
AA Alfalfa (hay and roots, 1 : 1.5 ratio)
lo+AA Soil + alfalfa residues (lo to AA = 10 : 1)
Mr Maize (straw and roots, 2 : 1)
lo+Mr Soil + maize residues (lo to Mr = 10 : 1) 
GM Green manures residues (oat and vetch, 
 3 : 1)
Lo + GM Soil + green manures (lo to GM = 10 : 1 
 ratio) 
Humic acids (HA) were extracted, purified and measu-

red 13C-NMr spectra method´s published by Zaujec et al.6. 
The relative carbon distribution was determined by integra-
tion of the signal intensity in the different chemical shift regi-
ons using an adapted integration routine supplied with the 
instrument software. For quantification, the spectra were used 
chemical shift regions described by knicker and Ludemann4 
and Wilson5.

Results
The HA chemical composition is evaluated from the 

intensity distribution among the chemical region of the dif-
ferent functional groups in the NMr spectra. The spectra are 
dominated by the signal in the chemical shift region (110–
160 ppm) of aromatic/olefinic C (32.9–40.3 %) and o/N-
alkyl C (20.3–38.1 %) followed by that of carboxyl/amid C 
(10.3–24.1%) and alkyl C (11.3–21.6 %).

extracted HA’s, called “young”, from incubated plant 
residues are characterised by significantly higher proportions 
of o-alkyl C (mean content 34.08 ± 3.02 %), mainly derived 
from hemicellulose and cellulose than HA of variants with soil 
(25.41 ± 2.48) and Haplic Luvisols (Table I). These data refer 
to an enrichment of aromaticity of HA from Haplic Luvisol 
relative to the HA from incubated crop residues with Haplic 
Luvisol or crop residues, o-Alkyl C has been degraded pre-
ferentially. The first finding is in agreement with the lignin 
results, indicating that crop residues are mainly composed of 
remaining more resistant plant tissues that have already lost 
part of their polysaccharide-C structures. 

Based on indexes of aromaticity (α) we found Zaujec 

Table I
relative intensities [% of total area] for the 13C NMr signals 
of humic acids

 Spectral region/ Alkyl-C o-alkyl-C Aryl-C Carboxyl-C 
 samples of HA [%] [%] [%] [%]
 Lo 17.9 20.3 37.6 24.1
 Wr 11.3 38.1 40.3 10.3 
 Lo + Wr 17.9 27.8 36.3 18.0
 AA 17.2 33.5 33.9 15.4
 Lo + AA 21.6 22.2 33.1 23.1 
 CM 17.4 33.9 36.5 12.2
 Lo + Mr 20.7 24.7 34.1 20.4
 GM 14.2 30.8 38.9 16.1
 Lo + GM 20.9 26.9 32.9 19.3

Table II
evaluations parameters of humic acids

 Samples  Change  alkyl-C+aryl-C/
 of HA ID (+) of ID α (++) o-alkyl-C+
     carboxyl-C
 Lo 0.880 100% 49.6 1.249
 Wr 0.297 33.7 44.9 1.066
 Lo + Wr 0.653 73.1 44.3 1.184
 AA 0.513 58.3 40.1 1.045
 Lo + AA 0.973 110.5 43.1 1.208
 CM 0.513 58.3 41.6 1.169
 Lo + Mr 0.938 95.2 42.9 1.216
 GM 0.461 52.4 46.4 1.132
 Lo + GM 0.779 88.5 40.7 1.164

(+) id = index of decomposition = (alkyl-C/o-alkyl-C)
(++) α = (aryl-C/alkyl-C + o-alkyl-C + aryl-C).100 (%)
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et al.6 that aromaticity of the HA from incubated crop resi-
dues increased as humification progressed. ratios of alkyl C  
to o-alkyl C were calculated by Baldock et al.1 as indicator 
for decomposition process of organic matter in soils.

The major changes that occur in an NMr spectrum after 
decomposition of plant residues are a decrease in carbohyd-
rates, an increase in the relative proportion of alkyl (alipha-
tic chains) and carboxyl C, and partial breakdown of lignins. 
The relative degree of aromaticity among the HA’s appears to 
vary as a function of the humification process. The carboxyl 
content and the aromaticity increase with humification. This 
tendency is also consistent with the nmr results discussed 
above and with the analytical data.

Conclusions
Comparison of the 13C-NMr spectra of the samples HA 

extracted from incubated plant residues and organic matter 
applicated to Haplic Luvisols after incubation indicates that 
those from plant residues show a higher intensity in the aroma-
tic C and o/N-alkyl C regions and a lower proportion of alkyl 
C and carboxyl C. The nmr spectra show that the aromati-
city of humic acids extracted from incubated plant residues 
slowly increases during the humification process (Table ii). 
New formed HA from humified plant residues, mainly wheat 

residues, decrease decomposition index and values of ratios 
alkyl-C + aromatic-C/o-alkyl-C + aromatic-C.

This work has been supported by grant VEGA 
1/4432/07.
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introduction
Humic acids (HAs) which are involved in almost all 

physical, chemical, and biological processes occurring in soil 
system1,2 represent the most abundant fraction of soil organic 
matter. in particular, HAs are well known to be very active  
in interacting to various extents and modalities with a variety 
of organic and inorganic chemical contaminants3. Knowledge 
of the composition, structure, and functionalities of HAs  
is therefore, essential for the understanding of their chemical 
behavior and reactivity in environmental matrices.

Chemical analyses on HAs are traditionally done by chro-
matographic and spectroscopic techniques. Recent advances 
in the chemistry of humic substances, revealed that a detai-
led characterization can be better achieved when a separation  
of the different components is obtained4. Here we suggest 
head space solid-phase micro-extraction (Hs-sPMe) coupled 
with gas-chromatography/mass spectrometry (GC-Ms) as 
a new analytical tool for the characterization of the volatile 
components released from humic substances at 80 °C.

materials	and	methods
s o i l

two surface horizons were sampled from the ancient 
caldera of vico (nearby Rome) and Monte Faito (naples) in 
italy. detailed characterization of the two soils are reported 
elsewhere5.
HA extraction

Humic acids (HAs) were extracted by using common 
procedures6. namely, 100 g of each soil were suspended in 
500 ml of 1M naoH and 0.1M na4P2o7  and centrifuged at 
7,000 rpm for 20 min. the supernatant was then treated with 
37% HCl until pH 1 was reached to precipitate HAs. Humic 
acids were purified by a series of dissolutions in 1M NaOH 
followed by flocculations in 6M HCl. Each HA was then 
shaken twice in a 0.25M HCl/HF solution for 24 h, dialized 
agaist distilled water till Cl-free and freeze-dried.
CPMAs 13C-nMR spectroscopy

CPMAs 13C-nMR experiments were performed on a 
Bruker Avance 400 spectrometer operating at 100.6 MHz 
on carbon-13 and equipped with a 4 mm standard bore solid 
state probe. the rotor spin rate was set at 13,000 Hz. samples 
were packed in 4 mm zirconia rotors with Kel-F caps. A con-
tact time of 1 ms, a recycle delay of 2 s, an acquisition time of 
35 ms and a RAMP sequence to account for inhomogeneities 
of the Hartmann-Hahn condition at high rotor spin rates were 
used. spectra acquisition was done with topspin 2.0, whereas 

data elaboration was done with Mestre-C 4.9.9.9 by using 
a line broadening (LB) of 50 Hz and an automatic baseline 
correction with a 3rd order polynomial and Bernstein algo-
rithm. semi-quantitative results were obtained by integrating 
the spectral regions in the intervals 184–159 ppm (CooH), 
159–110 ppm (aromatic C), 110–88 ppm (anomeric C), 88–
62 ppm (C – o), 62–48 ppm (C – n) and 48–0 ppm (alkyl C). 
All the areas were normalized to the total spectral areas and 
content percent was obtained.

H s - s P M e  e x t r a c t i o n
A polydimethylsiloxane fiber (PDMS 100 µm, Supelco, 

Bellefonte, PA – usA) was used to sample the head space in 
equilibrium with 20 mg of the two HAs placed in 15 ml glass 
vials. These were sealed with a poly(tetrafluoroethylene) sili-
con septum-lined cap (supelco, Bellefonte, PA, usA) and 
heaten 30 min at temperatures of 80 °C. the sampling time 
for was 5 min maintaining the 80 °C temperature.

G C - M s  A n a l y s i s 
the gas-chromatographic analyses were run on a Hew-

lett-Packard 5890 GC system interfaced with a HP 5973 
quadrupole mass spectrometer. A HP5–Ms column was used 
(5% diphenyl – 95% dimethylpolysiloxane 30 m × 0.2 mm, 
0.25 μm film, J & W Scientific, Folsom CA, USA). The fibre 
was manually inserted in a GC inlet port equipped with a 
specific glass liner for SPME injection (0.75 mm i.d.). Ana-
lyses were carried out in splitless mode with helium as carrier 
gas at 1 ml min–1. Chromatographic conditions were: injec-
tor temperature 250 °C, oven temperature program: 1 min  
at 60 °C followed by a linear temperature increase  
of 5 °C min–1 up to 280 °C held for 15 min. the Ms full-
scan conditions were: source temperature 230 °C, inter-
face temperature 280 °C. the electron impact ionization 
spectra were obtained at 70 ev, recording mass spectra from  
m/z 40 to 550. 

results	and	discussion
the Hs-sPMe extraction method allowed the identi-

fication of 31 chemical components in each HA. Analyses 
at different temperatures have been done (data not repoted). 

Fig. 1.	 cpmas	13c-nmr	spectra	of	the	two	humic	acids	used	
in	the	present	study
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the optimal temperature conditions for the qualitative discri-
mination of HAs 80 °C giving a relative standard deviation 
[RSD, %] of ≤ 10 % for each identified component. Moreo-
ver, the amount of volatile components sampled in the head 
space was significantly representative of the whole HA sys-
tems as assessed by analyses with icreasing HA material. 
Table I reports the class of substances identified over the two 
solid state humic acids. eight classes of organic compounds 
were discriminated. Among those, the largest contribution 
was from aromatic materials. in fact, HA1 revealed 66.77 % 
of aromatic moieties in the volatile mixture, whereas HA2 
was 81.55 % (table i). the amount of volatile aromatic 
molecules in HA1, smaller than in HA2, appears at variance 
with the content of aromatic systems obtained from CPMAs 
13C-nMR spectroscopy (Fig. 1, table ii). the aromatic  
C content by nMR (159–110 ppm) was the largest in HA1, 
thereby leading to the hypothesis that such material should 
produce a larger amount of volatile aromatic components 
than HA2. the contradictory Hs-sPMe GC-Ms and CPMAs 
13C nMR results could be explained by considering the diffe-
rent natures of the soils from which the HAs were extracted. 
in fact, HA1 was extracted from a buried soil whereas HA2 
was obtained from a surface horizon of a different volcanic 
soil. organic material in buried conditions undergoes to anae-
robic and abiotic degradation. Conversely, aerobic and biotic 
transformations occur in organic materials placed on surface 
soil horizons. the abiotic degradation in anaerobic conditi-
ons may produce highly condensed aromatic systems. due to 
the larger molecular size of the condensed aromatic substan-
ces in HA1, these are less available for head space sampling 

than the corresponding aromatic systems formed in aerobic 
and biotic transformations. except for the aromatic moieties 
which were in disagreement when comparing the gas-chro-
matographic data with the nMR results, the remaining com-
ponents be have similarly. in fact, tables i and ii report the 
same trends for all the relative amounts revealed by the two 
analytical techniques used in the present study.

conclusions
in the present study we used a new analytical tool for 

the characterization of the volatile components in humic sub-
stances. Results showed that the amount of volatile aromatic 
moieties was depending on the nature and genesis of the soils 
from which the HAs were extracted. Moreover, a number of 
fatty acids, as well as alkane-systems were also found in the 
head space in equilibrium with the solid humic substances. 
the relevant novelty was that we expected fatty acids and 
hydrophobic alkanes to be confined mainly inside the hyd-
rophobic and chemically protected core of the supramolecu-
lar humic acids. For this reason the volatilization to the head 
space was thought to be difficult. Conversely, our findings 
appeared to confirm CPMAS 13C nMR results from Conte 
and Berns (2008)7 which described the conformation of 
humic substances as made mainly by a hydrophobic aromatic 
core surrounded by long carbon chains. the Hs-sPMe-GC-
Ms technique appears to be a very promising tool in obtai-
ning relevant information on the lighter fraction of organic 
components weakly bound to humic materials.

The authors acknowledge Centro Grandi Apparecchi-
ature – UniNetLab – Università di Palermo funded by P.O.R. 
Sicilia 2000–2006, Misura 3.15 Quota Regionale and Pro-
fessor Stefano Colazza (University of Palermo) for their kind 
cooperation.
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table i 
Composition of the volatile components released by the 
two HAs at 80 °C. the compounds were grouped according  
to their functional groups. the  reported correspondent per-
cent amounts [%] of identified compounds are the medium 
value of three different chromatographic analyses

  Content [%]
 Compounds HA1 HA2
 Acids 18.64 7.30
 Aldehydes 3.56 1.19
 Ketones 1.36 0.00
 Alcohols 0.53 0.40
 Amines 0.57 0.40
 olephins 1.21 1.11
 Aromatics 66.77 81.55
 Alkanes 7.19 8.27

table ii
Content [%] by CPMAs 13C nMR of the different groups in HAs

 soil humic acid CooH Aromatic C Anomeric C C – o C – n Alkyl C
  184–159 ppm 159–110 ppm 110–88 ppm 88–62 ppm 62–48 ppm 48–0 ppm
 HA1 12 55 5 4 4 21
 HA2 9 21 3 14 8 45
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introduction
Polypropylene (PP) is an important member of the 

family of the most worldwide produced thermoplastics 
namely because of its specific properties involving easy pro-
cessability, low specific gravity and low production cost. one 
of the key molecular parameters defining physico-chemical 
properties of PP is the stereoregularity of the polymer chains, 
i.e. tacticity. It is well known that heterogeneous Ziegler-
natta catalytic systems due to a multiple-site character of 
active species produce PPs with varying degree of stereore-
gularity1. Since the stereoregularity of polymer chain has an 
important influence on mechanical properties of PP product, 
the accurate assessment of PP stereoregularity (isotacticity) 
is an important task. Stereoregularity can be characterized by 
isotactic index.

Several methods of PP isotactic index determination dif-
fering in principle, complexity of a measurement procedure 
and an information capability are known from the literature. 
the most common method used for determination of the iso-
tactic index is an extraction by hydrocarbon solvents (e.g. 
pentane, hexane, heptane, and octane) at their boiling point2.

Another method is based on a solubility of the atactic 
PP in hydrocarbons. Neat PP is divided into fractions (i.e. 
soluble and insoluble one) by complete dissolving it in high 
temperature boiling solvents (xylene, decahydronaphthalene 
(decalin), and 1,2,3,4-tetrahydronaphthalene (tetralin)) and 
cooling polymer solutions down to 23 °C3. 

Moreover, stereochemical structure of PP can be deter-
mined directly by 13C-nmr or after separation of atactic part 
by extraction or solubility method. Some authors evaluate the 
PP stereoregularity via crystallinity determined by DSC4.

The aim of this work was to evaluate and compare several 
extraction and solubility methods of the isotactic index deter-
mination, applied on the PP homopolymer. A series of nine 
PP homopolymer samples in a powder form having molecu-
lar weights in the range from 156 × 103 to 910 × 103 g mol–1  
was fractionated using both these methods and the results 
were compared.

experimental
Studied polymer samples were kindly supplied by PIB 

Company; a sample denoted as H4b, 17.5.06, was supplied 
by Chemopetrol. Characteristics of the samples are sum-
marized in the Table I. Polymerizations were carried out in 
the 50 dm3 reactor at propylene pressure of 2.2 mPa for 1 h. 
Typical polymerization conditions were: high-yield Ziegler-
Natta MgCl2-supported catalyst, co-catalyst triethylalumi-
nium (teA), electron donor dicyclopentyldimethoxysilane 
(DCPDMS), al/Si/Ti = 60/6/1 mol/mol/mol, polymerization 
temperature 75 °C.

F r a c t i o n a t i o n  m e t h o d s
a modified Kumagawa extractor was used for the frac-

tionation according to the ISo 9113 : 1993 Standard. The 
extractions were carried out on 5 g of polymer sample in a 
powder form. the extraction time was 6 h. the soluble frac-
tions were recovered by evaporating the solvent.

The solubility assessment was carried out according 
to ISo 6427 : 1982 (E), annex B Standard. Polymer sample 
(1.25 g) was completely dissolved during 1 h in o-xylene 
(125 ml) at its boiling point of 144.4 °C, and in tetralin (125 
ml) at 160 °C yielding 1 % wt. solutions. 2 g of PP sample 
was completely dissolved in decalin (100 ml) at 160 °C during 
1 h and 2 % solution was obtained. The solutions were cooled 
down to 23 °C, and kept at that constant temperature for 18 h. 
after centrifugation, the insoluble fraction was collected by 
filtration. The soluble fraction was recovered by evapora-
ting the filtrate. First, fractionations of a standard PP sample 
were performed by both methods; ten runs were carried out 
to evaluate the reproducibility of results. The reproducibility 
of the amount of fractions obtained from original PP using 
the extraction method was ± 0.09 %. The reproducibility of 
results of ± 0.13 % obtained by the solubility method was 
very good as well. 

C h a r a c t e r i z a t i o n  M e t h o d s
13C-NMR spectra were recorded on a 500 MHz 

Bruker DRX spectrometer operating at 125 MHz. The 

table I
Characteristics of PP samples

  mw
  mFI21 n, Flexural

 Sample [kg mol–1] mw/mn 230 °C modulus
    [g 10 min–1] [mPa]
 H556 910 5.9 0.16 1,545
 H526 509 5.3 0.92 1,560
 H464 309 4.4 15.8 1,608
 H460 289 5.6 21.7 1,624
 H433 236 5.2 42.9 1,670
 H449 207 5.3 104.4 1,716
 H435 156 5.3 291.3 1,756
 H4b, 17.5.06* 344 4.7 3.5 1,420
 H420** 233 5.3 22.5 1,220
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pulse angle was 83 °, pulse interval 20 s, decoupling  
Waltz 16.

PP melting points were measured with a Perkin-Elmer 
dSC-7 apparatus. the polymer sample was in the form of 
thin square-shape films of the weight of about 5 mg. Mea-
surements were carried out using the aluminum pans in the 
temperature range from 40 °C to 200 °C under N2 atmos-
phere (70 ml min–1). the used procedure conditions were as 
follows: (i) heating from a room temperature to 200 °C at 
a rate 40 °C min–1, (ii) 10 min isothermal period at 200 °C, 
(iii) air cooling to 35 °C, and (iv) heating to 200 °C at a rate 
10 °C min–1. The second heating data were used for the ana-
lysis.

The molecular weight averages (Mn, mw, and mz) and 
the index of polydispersity (mw/mn) of PP and its fractions 
were determined using a PL-GPC 220 high temperature chro-
matograph (Polymer Laboratories) equipped with three PL 
gel 10 μm MIXED-B columns set and two detectors (PL–
220drI and vISCoteC 220r). Calibration was done with 
polystyrene standards (Waters and Polymer Laboratories) 
using 1,2,4-trichlorobenzene solvent (LiChrosolv, Merck) 
containing 0.025 % Santonox R at a flow rate of 1 cm3 min–1 
and 160 °C. The polymer samples were measured as a 
0.1 % wt. solution in a mobile phase.

results
I s o t a c t i c  I n d e x  d e t e r m i n a t i o n  b y 
e x t r a c t i o n

a series of nine PP samples was extracted by three reflu-
xing n-alkane solvents (pentane, hexane, and heptane). Each 
extraction yielded two fractions; the soluble, and the inso-
luble one. extraction by octane was not completed because 
of partial swelling of PP material on the glass frit. Isotactic 
indexes of PPs were calculated from the amount of insoluble 
fractions (see table II) It was found out that the isotactic 
index of all the examined PP materials decreased with incre-
asing boiling point of the solvent used for the extraction pro-
cedure. Thus, the use of alkane with increasing boiling point 
caused an increase of the weight percent of material removed 
from the original polymer sample. 

Fractions of the representative PP sample H420 obtained 
by both kinds of separation methods were precisely analy-
zed using the 13C-nmr, dSC, and SeC methods. the inso-
luble fraction of PP sample consisted of isotactic PP, whereas 
the soluble one comprised mostly atactic PP. the contents 
of mmmm pentads present in insoluble fractions were in the 
range of 93.6–95.5 %, which means that insoluble fraction 
contains mainly high molecular weight isotactic PP. It was 
found out that with increasing boiling point of the solvent, 
the soluble fraction was enriched by low molecular weight 
isotactic PP, and so-called stereoblocks. An increased content 
of higher molecular weight atactic PP chains was observed 
as well.

From the shape of the MWD curve of soluble fractions 
(see the Fig. 1) it is evident, that pentane and hexane dissol-
ved mainly low molecular weight polymer chains from the 
original sample. These low molecular weight chains appeared 
to be short chains of a-PP and short chains of i-PP. Hexane is 
characterized by slightly higher extraction efficiency in com-
parison with pentane by 0.4 % wt.

on the other hand, heptane extractable fraction was sig-
nificantly higher (5.8 % wt.) and contained a much higher 
portion of high molecular weight chains, mostly of an atactic 
and stereoblock structure. An asymmetric shape of the distri-
bution curve in the area of the lowest molecular weights is 
evidently an artefact, caused either by a contamination of the 
sample during preparation or a measuring error of the SEC 
method. In the right manner, the distribution curves in the 
area of the lowest molecular weights for all the three solvents 
should coalesce.

Then, the fractions of representative sample H420 were 
characterized by the DSC method; melting points of inso-
luble fractions and crystallinity of soluble fractions were 
compared. Calculation of crystallinity α from values of ΔH 
obtained from the second heating cycle was done according 
to the equation:

table II
Isotactic index determination by extraction

 Sample Isotactic index [%]
  pentane hexane heptane
 H4b, 17.5.06 99.28 98.86 96.21
 H449 99.08 98.56 95.03
 H460 99.15 99.05 96.54
 H640 99.21 99.09 96.82
 H435 98.63 98.40 94.46
 H433 99.23 99.15 96.92
 H526 99.35 99.32 98.07
 H556 99.17 98.84 97.61
 H420 98.70 98.26 94.15

Fig. 1.	 molecular	weight	distribution	of	the	representative	PP	
sample	H420	and	of	the	soluble	fractions	obtained	by	extraction	
with	pentane	(Ps),	hexane	(Hxs)	and	heptane	(Hs)
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α = [%]
ΔHm – melting enthalpy of measured sample
ΔHm

* – melting enthalpy of 100% crystalline polypro-
pylene, ΔHm

* = 207 J g–1 ref.5.
Fig. 2. shows melting points of insoluble fractions of the 

representative sample obtained by pentane, hexane and hep-
tane extractions. a decrease of melting points due to increa-
sing boiling point of the solvent is evident. It is probably cau-
sed by higher separation efficiency of solvents having higher 
boiling point. Consequently, a decrease of amount of shorter 
isotactic PP chains occurred.

From the values showed in the Fig. 3., a dependence 
of increasing crystallinity on increasing boiling point of the 
solvent was found out. PP fractions soluble in solvents with 
higher boiling point contain larger amounts of crystallizable 
short chains of isotactic PP.

d e t e r m i n a t i o n  o f  S o l u b l e 
F r a c t i o n s  b y  S o l u b i l i t y  m e t h o d s

PP samples were completely dissolved in three sol-
vents (xylene, decalin, and tetralin) at increased temperature 
and after cooling at 23 °C, amounts of the fractions, which 
remained dissolved in solution, were determined. From these 
values, the contents of fractions, that remained dissolved af-
ter cooling the perfect solution of PP down to 23 °C, were 
calculated. The results are summarized in Table III. For all 
the PP samples, xylene soluble fraction was the lowest. Gene-
rally, it was not possible to specify the difference between the 
separative efficiency of decalin, and tetralin.

Characterizations of polymer fractions were carried out 
for the representative sample H420 by 13C-nmr, SeC, and 
DSC methods again. a qualitative composition of soluble 
fractions determined by 13C-nmr shows that fractions 
soluble in decalin and tetralin contain a higher part of longer 

, (1)

Fig. 2.	 DsC	melting	curves	of	insoluble	fractions	of	the	repre-
sentative	 sample	 H420	 after	 extraction	 (Pi	 pentane	 insoluble,	
Hxi	hexane	insoluble,	Hi	heptane	insoluble)
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Fig. 3.  Dependence of crystallinity α (DSC) of extracted fracti-
ons	of	the	sample	H420	on	the	boiling	point	of	the	solvent	used	
at	extraction

table III
determination of the soluble fraction content by the solubi-
lity method

 Sample Part of soluble fraction [%]
  o-xylene decalin tetralin
 H4b, 17.5.06 3.03 4.07 6.01
 H449 2.43 3.42 4.54
 H460 2.27 3.66 4.58
 H640 2.23 3.10 4.83
 H435 2.63 4.37 4.25
 H433 2.07 4.06 3.19
 H526 2.41 4.67 3.36
 H556 3.30 5.01 4.30
 H420 4.18 6.91 7.73

Fig. 4.	 Comparison	of	molecular	weight	distribution	of	soluble	
fractions	 of	 the	 sample	 H420	 obtained	 by	 solubility	 methods	
(Xs	=	xylene	 soluble,	 Ds	=	decalin	 soluble,	 ts	=	tetralin	
soluble)
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atactic chains as well as shorter isotactic chains and stereob-
locks in comparison to o-xylene soluble fraction. Insoluble 
fraction was again marked as isotactic PP.

From the SEC results it is evident, that xylene soluble 
fraction had the lowest molecular weight part, followed by 
decalin soluble, whereas the tetralin soluble fraction had the 
highest content of a high molecular weight portion. The diffe-
rence consists mainly in the area of higher molecular weights. 
on the other hand, the decalin soluble fraction contained a 
much higher portion of high molecular chains of predomi-
nantly stereoblock, partially crystalline character. the tetralin 
soluble fraction was characterized by a similar MWD curve 
as compared with the xylene soluble fraction, but it contained 
a portion of much higher molecular weight chains. average 
molecular weight Mw of fractions, that remained dissolved, 
was the lowest for o-xylene, followed by decalin, and tetralin 
till almost the value of original sample (Mw = 233,000 g mol–1,  
mw/mn = 5.3).

a narrowing of the molecular weight distribution was 
noted: the xylene soluble fraction had the broad molecu-
lar weight distribution (Mw/mn = 43.5), followed by the 
tetralin soluble one (mw/mn = 34.6). the decalin soluble 
fraction had the narrowest molecular weight distribution  
(mw/mn = 12.2).

the presence of low molecular chains in the xylene 
soluble fraction is probably an artefact again. 

Fig. 5. shows melting points of insoluble fractions of the 
representative sample obtained by solubility methods. Mel-
ting point values of insoluble fractions increased from deca-
lin, followed by o-xylene to tetralin.

It corresponds with the crystallinity values (Fig. 6.), 
being the highest in the decalin insoluble fraction, followed 
by the xylene insoluble one, and the tetralin insoluble one. 
the tetralin insoluble fraction contained probably lower por-

tion of isotactic chains. It follows from the melting point of 
the tetralin insoluble fraction.

Fig. 6. shows the highest crystallinity in the case of the 
decalin soluble fraction, followed by the o-xylene soluble 
one, and the tetralin soluble one. It is probably because of 
the decalin insoluble fraction contained higher portion of low 
molecular weight isotactic chains being able to crystallize. It 
is also confirmed by the results of 13C-nmr of the represen-
tative sample. The tetralin insoluble fraction contained the 
lowest part of chains able to crystallize.

The highest crystallinity of the decalin soluble frac-
tion can be ascribed to a chemical similarity of decalin, 
and polypropylene molecules. In both cases, they are ali-
phatic hydrocarbons with a dominant presence of CH2 and  
CH groups. Whereas, the molecule of tetralin is half aromatic 
and the molecule of xylene is fully aromatic.

Conclusions
Both kinds of fractionation methods provided very good 

reproducibility and good fractionation efficiency and can be 
recommended for determination of the isotactic index of PP.

By the extraction methods, a strong dependence of the 
isotactic index on the boiling point of the solvent was pro-
ved. The highest separative efficiency was found for heptane, 
which had the highest boiling point of all the solvents used 
for extractions. With using the high boiling point hydrocar-
bon (octane), a swelling of polymer sample happened and 
resulted in impassability of the frit and it was impossible  
to carry out the extraction. results of analyses performed  
on the representative sample showed that increasing the boi-
ling point of the solvent increases the portion of extractable 
longer atactic chains, shorter chains of i-PP and stereoblocks. 
Now separative efficiency of pentane, hexane, and heptane 
by extraction at the same temperature is being examined  
to prove a dominant influence of increasing temperature  
of boiling point of solvent on isotactic index. 

Results of the solubility methods evaluation showed that 
the lowest content of the soluble fraction for all the samples 
under examination was obtained with use of o-xylene. At the 
same time, this part contained the lowest portion of isotac-

Fig. 5.	 DsC	melting	curves	of	insoluble	fractions	of	the	repre-
sentative	sample	H420	(Xi	xylene	insoluble,	Di	decalin	insoluble,	
and	ti	tetralin	insoluble	fraction)
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Fig. 6.  Dependence of crystallinity α (DSC) of soluble fractions 
of	the	representative	sample	H420	on	the	quality	of	the	solvent
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tic PP (measured by the presence of mm triads and mmmm 
pentads by 13C-NMR). Decalin and tetralin showed higher 
separative efficiency than xylene and also dissolved a higher 
portion of partially isotactic or stereoblock chains. From the 
results of analyses, it is evident that in contrast to decalin, 
which dissolves significantly higher volume of high molecu-
lar weight isotactic or stereoblock chains, the efficiency  
of tetralin and xylene to separate the shorter and also the lon-
ger chains is almost the same. It results in a broad molecular 
weight distribution of soluble fractions.

Upon the performed separations and determination of 
their structure, the solubility methods using o-xylene, and 
tetralin at 23 °C can be suggested as the most correct for the 
determination of the isotactic index. All the other examined 
methods include an indispensable amount of isotactic or ste-
reoblock chains in separated part of PP.

Financial support from the Czech Grant Agency under 
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introduction
Polyolefins represent the most important commodity 

plastics used in broad range of applications. In majority of 
cases, their processing is based on the melting step followed 
by cooling down in various forms and shapes. Properties 
of semicrystalline polymers are greatly affected by their 
morphology and, hence, the process of crystallization is of 
primary importance. High density polyethylene (HDPE) is 
a semicrystalline polymer with high portion of crystalline 
phase. The amorphous and crystalline lamellar regions are 
organized into the spherulites of approximately spherical 
shape1,2.

Below the melting point, nuclei start to appear in the 
polymer melt due to the density fluctuations. These local 
volumes of higher molecular order growth with a rate well 
described by the Lauritzen – Hoffman surface nucleation 
theory3,4. according to the Lauritzen-Hoffman theoretical 
model, the spherulite growth rate, G, can be expressed for the 
case of medium undercooling as follows:

GII = b0(2ig)1/2 (1)

where b0 is the thickness of the crystalline layer added 
to the surface, i is the surface nucleation rate and g is the sub-
strate completion rate. Equation (1) holds for the crystalliza-
tion regime II in which multiple nucleation that is necessary 
for a chain segment to be attached to the single substrate 
takes place. 

the expression for the surface nucleation rate, i, has 
been derived by Hoffman and Miller in the form5:

the substrate completion rate, g, involving chain repta-
tion as main diffusion mechanism of chains can be expressed 
in the form:

For the case of linear PE, the following parameters were 
utilized5,6: the activation energy for reptation in the neat matrix 
Q*

d = 24 kJ mol–1, tm = 418.7 K, ΔT = 15.8–23.8 °C (Regi-
me II), heat of fusion Δhf = 2.8108 J m–3 (2.8 × 109 erg cm–3), 
crystalline surface free energy e = 0.093 J m–2 (93 erg cm–2), 
work of chain folding q = 20.48 kJ mol–1 (4,900 cal–1 mol–1), 
stem dimensions a0 = 4.55 × 10–10 m and b0 = 4.15 × 10–10 m. 

Parameter κ used in equation (3) is a result of incorpora-
tion of the chain reptation motion into the secondary surface 
nucleation theory and can be estimated as:

the parameter Q*
d corresponds to activation energy for 

reptation motion and the monomer friction coefficient, ξ0 , 
equals to 2.2 × 10–12 kg s–1. Particular details of the surface 
nucleation theory can be found elsewhere.3–6

It has been shown by Jancar and Kalfus7, that the chain 
diffusion can be considerably reduced in nano-filled poly-
mer well above its glass transition temperature. Hence, it is 
supposed that the presence of weakly interacting silica nano-
particles would be able to increase the activation energy of 
chain diffusion in the polyethylene melt resulting in the indis-
pensable change of its crystallization kinetics. 

N u c l e a t i o n  a c t i v i t y  o f  S i l i c a 
F i l l e r  i n  H d P e

To examine the nucleation ability of the silica nano-filer 
in HDPE, a method suggested by Dobreva et al.8–10 to esti-
mate the nucleation activity of solid substrates in polymer 
melt was employed. Nucleation activity, Φ, is a factor by 
which the work of nucleation decreases with the addition of 
a solid substrate. Its value is in the range from 0 to 1 from 
extremely active to inert particles. For homogeneous nuclea-
tion in a melt under low undercooling, the cooling rate can be 
expressed as follows:

23.2
log

pT
BAr
∆

−= ,
 

(5)

while for heterogeneous case

2

*

3.2
log

pT
BAr
∆

−= ,

	

(6)

and

where r is the cooling rate, a is the constant and ΔTp is the 
undercooling, ΔTp = tm – tc; tc corresponds to the crystalli-
zation temperature determined from the DSC curves. Para-
meter B can be expressed as:

where ω is the geometrical factor; σ is the specific energy, Vm 
is the molar mass volume of crystallizing substance, n is the 
avrami exponent, ΔSm is the entropy of melting and k is the 
Boltzman constant.

 (2)

 (3)

 (4)

, (7)

, (8)
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experimental
Fumed silica (Sigma aldrich, USa) with specific sur-

face area of 390 m2 g–1 and mean particle diameter d = 8 nm 
was used as a nano-filler. High density polyethylene Liten 
mB 71 (Chemopetrol, Cz) was used as a polymer matrix. 
Nanocomposite samples were prepared by adding of silica 
into the polymer solution at 130 °C under ultrasonic filed 
and intensive mixing. Dried nanocomposite samples were 
press molded at 170 °C (Fontijne TP400, NL) into the form 
of 1 mm thick plates. thin slices cut out from press molded 
plates were melted between two glass slides at 170 °C. These 
pressed films of thickness between 5 and 10 μm were used 
for microscopy observations under polarized light (BX50, 
olympus, Japan + hot-stage Linkam LTS 350, UK). Before 
each measurement of the spherulite radius, the specimen was 
melted at 170 °C. after 5 min isothermal step, the specimen 
was cooled below the melting temperature (Tm = 147 °C) at 
a rate of 10 °C min–1. The spherulite growth rate was mea-
sured isothermally at temperatures 125 °C, 126 °C, 127 °C 
and 128 °C, respectively. The nucleation activity of the silica 
nano-filler in HDPE was estimated according to Dobreva  
et. al.9–12 The samples were heated in a differential scanning 
calorimeter (Pyris 1, Perkin Elmer) up to 170 °C at a rate of 
heating 10 °C min–1. after 2 min isothermal step at 170 °C, 
cooling down to the room temperature was carried out at rates 
of cooling 2, 5, 10, 20 and 40 °C min–1, respectively. Crystal-
lization temperatures were obtained from the peak maxima.

results
 The isothermal crystallization of HDPE was investigated 

using the polarized light microscopy. Samples with 0–8 % vol 
of silica nano-filler were analyzed. In Fig. 1., there is shown 
the early stage of HDPE spherulites growth. 

The spherulite radii were analyzed as a function of time. 
the experimentally obtained data were correlated with the 
Lauritzen-Hofmann surface nucleation theory, where the chain 
diffusion motion via the reptation mechanism was included. 
The limit value of diffusion motion activation energy was 

calculated from L-H equation as 24 kJ mol–1 for neat HdPe 
and with increasing filler volume content considerably higher 
activation energy of diffusion motion is required (Fig. 2.).  
In other words, larger portion of chains is immobilized at the 
filler surface and its motion is restricted, proportionally to 
the surface area and mutual interactions. thus, the retarda-
tion of chains diffusion motion is believed to be the principal 
mechanisms causing changes in crystallization kinetics and 
morphology of filled polymers.

The nucleation activity Φ can be calculated using the 
equations 6 and 7 as the ratio of slopes of log r versus 1/ΔTp2 
for neat HDPE and filled HDPE system. The dependences are 
shown in Fig. 3. The nucleation factor is unity for all cases 
within experimental error suggesting that the silica nano-fil-
ler does not act as a nucleation agent in HDPE matrix. 

Conclusions
Crystallization kinetics of HDPE-silica nanocomposite 

was shown to be changed significantly by the addition of 
silica nanoparticles. Based on the correlation between expe-
rimental data and the Lauritzen-Hoffman model, the immobi-

Fig. 1.	 the	Pom	micrograph	of	the	HDPe	crystallization	early	
stage

Fig. 2.  Spherulite growth rate of neat and nano-filled HDPE in 
dependence	on	temperature

Fig. 3.	 the	silica	nucleation	activity	estimation.	the	nucleation	
coefficient, Φ, is the ratio of the slopes neat/filled HDPE
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lization of HDPE chains in presence of silica of large surface 
area was identified as the primary mechanism leading to the 
observed behavior.

Financial support from the grant MSM 0021630501 by 
the Czech Ministry of Education, Sport and Youth is highly 
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introduction
ageing of lignocellulosic carries of information is natu-

ral process influenced by different factors. of the outdoor 
impacts, relative humidity, oxides of sulphur and nitrogene 
and others, while of the indoor factors, type of fibres, sizing 
agent, filling agent, etc. may be introduced1,2,3.

Influence of ageing leads to formation of other com-
pounds, which accelerate degradation of paper, e.g. organic 
compounds4,5,6.

To stop ocurring these processes, conservation tech-
niques, such as deacidification of paper are used7. Efficient 
deacidification systems have been applied in both polar and 
nonpolar medium in conservation practice. If this modifica-
tion system is in the polar medium, it is supposed that diff-
usion of low molecular compounds to the cell wall, fibrils, 
microfibrils, elementary fibrils and to the molecular level of 
other units are to be performed.

double alkoxides, combination of chemical elements 
al-K, Sn-Mg, Zr-Ca are used as a neutralizing agent in sui-
table solvents, such as alcohols, fluoro-chlorohydrocarbons, 
hydrocarbons and siloxanes. Disadvantage of the above man-
tioned alkoxides lies in the formation of visible deposit8,9.

For papermaking industry, water solutions of zirconium 
compounds are of particular importance, for example adhesi-
ons supporting cohesion to the different surface, etc10.

This work was aimed at verifying the effect of hexa-
methyldisiloxane (HMDo) solution of zirconium propoxide 
on the permanence of newsprint paper.

experimental
r a w  m a t e r i a l s

Newsprint paper with extract pH 5.5–6.0; grammage 
ms = 45 g m–2, containing 55 % of mechanical bleached 
groundwood, 20 % of bleached kraft pulp, 15 % scrap fibres 
and 10 % clay was used as received.

m o d i f i c a t i o n  S y s t e m
Two different solution of zirconium propoxide (70 % 

wt. in 1-propanol, aldrich) in hexamethyldisiloxane ( ≥ 98 %, 
aldrich): 0.02M solution and 0.04M solution were used.

Sheets were modified for 10 minutes at regulat stirring 
in a laboratory shaker. Subsequently, sheets were dryed free 
in sieves.

a c c e l a r a t e d  a g e i n g
Samples of paper were conditioned for 24 hours at 

T = (23 ± 1) °C, RH = (50 ± 2) % before the accelerated 
ageing. Subsequently were aged in hermetically sealed bags 
at 98 ± 2 °C during 0, 1, 2, 3 and 5 days according to standard 
AStm d 6819-0211.

P r o p e r t y  m e a s u r e m e n t
Changes of folding endurance12 (ω), breaking length13 

(lt), Kubelke-munke intensity of 1,735 cm–1 peak by FtIr14 
(ΚΜ intensity), pHextract

15 and total color difference16 (∆E) 
were studied at modified and aged samples.

Folding endurance was expressed as a coefficient of per-
manence17, 18 in the time of ageing (t):

if Sω,t > 1 – permanence increased
if Sω,t < 1 – permanence decreased
if Sω,t = 1 – is it not change.

results
The permanence of paper samples modified with HMDo 

solution of zirconium propoxide was studied. Permanence of 
paper was evaluated by the change of folding endurance (ω), 
breaking length (lt), KM intensity of 1,735 cm–1 peak (Km 
intensity), pHextract, and total color difference (∆E). 

Increased formation of carbonyls and carboxyls depends 
on time of ageing. In Fig. 1., values of KM intensity absorp-
tion peak at 1,735 cm–1, which relate to binding vibra-
tion C = o groups are shown. Modification system restricts 
creation of carbonyls and carboxyls. marked decrease of 
absorption peak at 1,735 cm–1 was observed at lower con-
centration of effective component compared with the control 
sample during the modification. This trend is held during all 

•
•
•

 (1)

Fig. 1.	 Depedence	of	km	intensity	peak	1,735	cm–1	on	the	time	
of	 accelerated	 ageing	 obtained	 by	 evaluation	 of	 Ftir	 DriFt	
spectra	of	control	(•) and samples modified by 0.02M zirconium 
propoxide	 in	 HmDo	 (■)	 and	 0.04m	 zirconium	 propoxide	 in	
HmDo	(♦)
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accelerated ageings. Higher concentration of zirconium pro-
poxide in Hmdo causes increased formation of carbonyls 
and carboxyls with unaged control sample immediately after 
the modidfication. However during the accelerated ageing  
a decrease compared with control sample is observed.

Folding endurance moderately increased at lower con-
centration of effective component (Sω,0 = 1.1) just after the 
modification. During the accelerated ageing, stability values 
of folding endurance compared with unmodified control sam-
ple were followed. Stability effect of folding endurance after 
5 days of accelerated ageing reached value 2.1 (Sω,5 = 2.1). 
Higher concentration of zirconium propoxide in HMDo 
influences only slightly the folding endurance. It leads to 
an expressive decrease of this property after 0 and 5 days 
(Sω,0 = 0.7 a Sω,5 = 0.3).

Cold extract of pH modified samples are comparable 
with unmodified sample (pH ≈ 5.5). However pH of sample 
with lower concentration of zirconium propoxide in HMDo 
(pH = 4.5) is more mild decreased after 5 days of accele-
rated ageing in comparison with unmodified control sample 
(pH = 3.6).

Values of breaking length obtained from modified sam-
ples were higher than those of unmodified ones.

Samples modified with zirconium propoxide in hexa-
methyldisiloxane show decrease of measured properties in 
comparison with unmodified control sample. System of modi-
fication suppresses the formation of carbonyls and carboxyls. 
It indicates retardation of ageing process. Effect of modifica-
tion causes that brittlenes of paper decreases and that folding 
endurance rises. Disadvantage of this modification system 
is low values of pH, which are comparable with unmodified 
paper. Combination of studied system with compound able to 
increase pH and thus alkaline reserve (for an instance Mgo 
or other from lines of magnesium or calcium compounds) can 
help to solve this problem.

advantage of this modification system is in the presence 
of polar element, 1-propanol, which is solvent of zirconium 
propoxide and at the same time, offers the use of non-polar 
carrier of effective compound. Non-polar solvent causes 
smooth surface of modified paper without warps and forma-
tion of visible deposits on the surface. Polar ingredient com-
piles presumption of facilitate intersection of effective zirco-
nium compound to the structure of paper.

Lower concentration is more favourable in term of 
observed properties. This fact is shown on the look of modi-
fied paper. at a higher concentration of the effective com-
ponent, e.g., at 0.04M solution, the total colour difference 
measured vs. the original unmodified paper is much more 
expressive (∆E = 23.6) than that at at lower concentration of 
zirconium compound (∆E = 17.5).

Conclusions
Solution of zirconium propoxide in HMDo exhibits 

a positive influence on the permanence of paper, and/or on 
measured properties. Utilization of studied modification sys-
tem resulted in smooth surface of modified paper without 
warps and formation of visible deposits on the surface. 

Fig. 2.	 Dependence	 of	 common	 logarithm	 values	 of	 folding	
endurance during the accelerated ageing for samples modified 
by	0.02m	zirconium	propoxide	in	HmDo	(■),	0.04m	zirconium	
propoxide	in	HmDo	(♦)	and	control	sample	(•)

Fig. 3: Dependence of pH of  cold  extract  samples modified by 
0.02m	 zirconium	 propoxide	 in	 HmDo	 (■),	 0.04m	 zirconium	
propoxide	 in	 HmDo	 (♦)  and  control  –  unmodified  sample  (•) 
during	the	accelerated	ageing.

table I
Breaking length values of samples modified with 0.02M zir-
conium propoxide in HMDo (0.02M), 0.04M zirconium pro-
poxide in HMDo (0.04M) and unmodified samples (control) 
during accelerated ageing

 days Control 0.02 m 0.04m 
 0 3,720 ± 570 3,860 ± 280 3,830 ± 410
 1 3,760 ± 490 3,790 ± 390 4,000 ± 230
 2 3,280 ± 670 3,770 ± 310 3,530 ± 550
 3 3,600 ± 380 3,460 ± 490 3,560 ± 270
 5 2,910 ± 430 3,340 ± 320 3,200 ± 380
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It leads to a decreased formation of carbonyl and car-
boxyl groups. There was also observed decrease intensity of 
the peak at 1,735 cm–1 (carbonyl groups) in comparison with 
control sample measured by FtIr. 

It enhances the effect of stability of folding endurance 
– decreases brittleness of the measured sample in comparison 
with unmodified one.

artificial ageing causes decrease of lt by about 15 %  
in comparison with the control paper. 

a more favourable effect offered solution of zirconium 
propoxide with lower concentration. Disadvantage of this sys-
tem is its pH in comparison with pH of unmodified paper. 

Combination of studied system with compound able to 
increase pH and thus alkaline reserve (for an instance Mgo 
or other from lines of magnesium or calcium compounds) can 
help to solve this problem.

We thank to project of the Ministry of Education of Slo-
vak Republic No 2003 SP200280301 Preservation, Stabiliza-
tion and Conservation of Traditional Information Carriers of 
the Slovak Republic.
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introduction
Pure polypropylene (PP) is sufficient material for many 

applications; however utilization of PP in some applications, 
such as composites, needs improvement of matrix proper-
ties for better adhesion, miscibility, dyeability etc. Chemical 
modification of PP is a way to formation of new material 
without searching new monomers for polymerization. Indu-
strial and scientific interest gained in recent years grafting 
of polar monomers onto PP chain1–5, most of modification 
reactions target the change of PP hydrophobia. Reaction of 
PP with maleic anhydride (mA) is recently the best known 
modification process6,7, which is generally used for impro-
vement of polypropylene adhesion to metals, glass fibres or 
to other polymers such as nylon or polyethyleneterephtha-
late. Grafting reaction by reactive extrusion can be used for 
grafting of Ma or other polar compounds onto PP chain in a 
melt state of polymer and in presence of free radical initiator. 
Possibility of grafting other polar substances, such as other 
carboxylic derivates, vinyl or acrylic molecules, were stu-
died.8–11. Itaconic anhydride (IA), styrene (S) are monomers 
used for grafting to PP backbone in this work, another mono-
mers such as acrylic acid, methylmethacrylate, vinylacetate 
etc. can be also tested.

experimental
Two initiators were used for grafting reaction on PP:
2,5-dimethyl–2,5-bis(tert-butylperoxy)hexane 
(Luperox 101) for oth styrene and itaconic anhydride 
monomers
dicumylperoxide for styrene grafting onto PP bac-
kbone.

M e t h o d  f o r  P P - g - I a  P r e p a r a t i o n 
a n d  C o n v e r s i o n  o f  I t a c o n i c 
A n h y d r i d e  d e t e r m i n a t i o n

Experiments of PP-g-Ia and preparation were carried out 
in laboratory mixer Brabender 50 ml at 30 rpm, at tempera-
ture 210 °C. Polymer was at first melted about 5 minutes and 
then was monomer dispergated in polymer for time 1 minute. 
after that grafting reaction was started by addition of initiator 
and carried out for time 6 minutes. Unreacted monomer was 
removed by precipitation amount of 2.5 g sample dissolved 
in 100 ml of boiled xylene to 700 ml of acetone. Purified PP-
g-Ia was filtered and washed using 50 ml o acetone and dried 
in vacuum oven at 40 °C.

Conversion of grafted itaconic anhydride were deter-
mined using FT-IR spectroscopy measurement of integral 
intensity of C = o stretching vibrations at 1,770–1,780 cm–1 

•

•

and intensity of peak at 1,170 cm–1 belonged to vibration of 
–CH3 of PP.

Second method of bounded IA concentration determi-
nation was alkalimetric titration. Weight 0.5 g of precipitated 
PP-g-Ia was dissolwed in boiling xylene and then titrated 
usin 0.005m KoH and bromthymolic blue as end-poin indi-
cator.

M e t h o d  f o r  P P - g - S  P r e p a r a t i o n  a n d 
A n a l y s i s

Preparation of PP-g-S was caried out the same way as 
was described in the last section. Styren was poured into 
mixer using glass pipette. 

analysis was accomplished using FT-IR spectroscopy of 
PP-g-S. Polymer was at first purified by the precipitation into 
acetone or ethanole as was described former. Ft-Ir spectras 
were taken out using polymeric film. Comparison of integral 
intensity of peaks of aromatic ring vibration around 700 cm–1 
and vibration of –CH3 at 1,170 cm–1 was used to attached 
styrene concentration determination.

results
Two molar ratio of initiator to monomer (1 : 0.6 and 

1 : 0.8) were used in experimental part to comparison effi-
ciency of grating Ia and Ma. Experimental data of maleic 
anhydride grafting were get from the same methods as for 
PP-g-Ia. Results of ascertained monomers conversions are 
shown in table I. 

The efficiency of Ia grafting in comparison to Ma graf-
ting process is apparently less due to probable homopoly-
merization of Ia, which is removed from grafted polymer 
by purification. Graft length is higher in case of PP-g-Ia 
compare to PP-g-Ma and less stability o Ia homopolymeric 
graft less could be the second reason of decreased conversion  
of IA.

PP-g-PS sample precipitated into ethanol contain both 
PP-g-PS and PS homopolymer, which could be formed by 
homopolymerization of styrene. Sample precipitated into 
acetone contain only PP-g-PS, because PS is in acetone 
soluble. The grafting efficiency is decreased with increased 
concentration o initiator. amount of about 30 to 45 % of 
bounded styrene was present as a homopolymeric PS, other 

table I
Results of Ia and Ma monomer conversion in grafting reac-
tion for two molar ratio of initiator:mo monomer

 monomer w0(monomer) α(1 : 0.6) α(1 : 0.8)
  [% wt.] [%] [%]
 IA 0.25 23.9 26.7
 IA 0.5 32.4 37.1
 IA 1.0 62.8 55.4
 mA 0.25 47.6 42.4
 mA 0.5 41.9 42.3
 mA 1.0 61.1 64.1
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as PP-g-PS. Luperox 101 is more efficient initiator for graf-
ting of styrene onto PP.

Conclusions
First part of work was focused to grafting of itaconic 

anhydride and maleic anhydride onto PP backbone. Compa-
rison of both monomers conversion results shown, that graf-
ting of Ia bring about worse conversion due to more com-
plex reaction mechanism and possibility of formation of less 
stable Ia homopolymeric grat. 

Second experimental part was concentred to found bet-
ter initiator for styrene grafting onto PP. Luperox 101 can 

be good choice for prepared grafting of mixture Ia+S for 
grafting onto PP backbone. However analysis of amount of 
homopolymeric PS during radical grafting of styrene onto 
PP shown that complex mechanism of Ia+S mixture grafting 
could be expected.

This work has been supported by grant Czech Ministry 
of Education MSM 0021630501.
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Content of styrene ω(S) in PP-g-PS for concentration 
1 % wt. of dicumylperoxide or 2,5-dimethyl–2,5-bis(tert-
butylperoxy)hexane for initial concentration of styrene ω0(S) 
from 1 to 20 % wt

 Sample ω0(S) [wt%] ω(S) [wt%]
   dCP Luperox 101
 PP-g-PS+ 1 0.66 1.07
 PS + S 5 3.76 3.62
 (non-purified) 10 5.28 6.92
  20 9.22 12.00
 PP-g-PS + PS 1 0.89 0.88
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 into acetone) 10 2.57 4.13
  20 3.89 6.00
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introduction
the polypropylene homopolymer (PPH) sheets are used 

in many common applications. The strength of such material 
is about 33 MPa, however, the toughness is not very high, 
especially at low temperatures at which PPH is brittle. the 
strength can be increased for example by reinforsing PPH 
with short fibres but the low temperature impact resistance 
still remains low. The toughness can be improved by incor-
porating EPR rubber into PPH matrix (impact polypropylene 
copolymer PPIC), but the strength of such material is sub-
stantially lower. another way of improving both properties 
is to combine oriented and unoriented PPH and to construct 
sandwich-like composite plates.1–4

the polypropylene composite plates can be produced 
by hot pressing several layers of oriented PPH tapes and 
potentially by adding unoriented PPH thin layers (films). The 
production conditions must be held in a specific “tempera-
ture window” to avoid complete relaxation of the oriented 
polypropylene chains and to facilitate a lateral welding of 
PPH.

Some results concerning behaviour of PPH tapes at high 
temperatures (near to the PPH melting point), lateral welding 
of tapes or PPH woven fabric and properties of PPH self rein-
forced composites are presented in this paper.

experimental
m a t e r i a l  a n d  S a m p l e s  P r e p a r a t i o n

Commercial grade of polypropylene Mosten TB 002 
(MFR = 2.73 g 10min–1) was used in this work. a film of 200 
or 400 μm thickness (PF) was prepared by chill roll technique. 
This film was drawn up to ratio 5 : 1 in the first step, then it 
was cut into tapes (10 mm width) and those were drawn on a 
hot plate to the final draw ratio 8 : 1 in the second step (TB).

A part of the tapes was annealed (tB-t) at different 
temperatures from 120 to 170 °C. Both ends of each annea-
led tape were fixed to avoid the longitudinal shrinkage of the 
tape.

to characterise the lateral adhesion a couple of tapes 
was passed through a tempered channel where a short per-
pendicularly acting force took place to cause a lateral weld 
of these tapes. The length of the tempered part of tapes was 
fixed to avoid the relaxation of tapes.

the composite plates were hot pressed at different tem-
peratures (160 °C to 170 °C) in an open mould. The num-
ber of PPH woven fabric layers (WF) was different (four to 
twelve) and the unoriented PF layers were potentially stuck 
in between fabric layers to improve the “weld adhesion”.

m e a s u r e m e n t 
the basic information about the supermolecular structure 

of the PPH tapes was received by recording the fusion curve 
of a tape using a DSC instrument (Ta Instruments Q100) 
under following conditions: specimen weight about 1.5 mg, 
heating rate 10°C min–1, initial 50 °C and end temperature 
200 °C.

the tensile properties of the tapes were measured at 
laboratory temperature using an INSTRoN 4302 machine. 
The active length of the specimens were 100 mm, the testing 
speed was 100 mm min–1ref.5. the tensile properties of 
pressed plates were measured according to the same method; 
the strips of 170 mm length and of 15 mm width were cut 
from the plate.

the lateral weld adhesion of a couple of tapes was 
characterised by the t-peel test6 or the coherence of the com-
posite compact by method for floating roller peel resistance7 
(InStron 4302, 100 mm min–1).

the intensity of the relaxation process in the tape at 
elevated temperatures was evaluated by a DMa (R.M.I. 
DX04T) measurement. The constant fluctuating stress 
[σm ± σa (σm = 2, 5, 10, 15, 20 MPa, σa = 1 mPa), sin oscil-
lations, 1 Hz] was applied during the temperature scan from 
30 °C to 180 °C, 2°C min–1. the initial distance between 
grips (= gauge distance) was 30 mm and the change of this 
quantity was recorded during the test. The complex modulus 
was measured, too.

The ductility of final material was measured by the instru-
mented puncture test (CEaST 6790/000: inside diameter of 
clamped support ring = 40 mm, diameter of striker = 10 mm, 
impact velocity = 3.6 m s–1, T = 23 °C or –20 °C)8.

results
d S C  m e a s u r e m e n t s

The information about the changes in supermolecular 
structure of annealed PPH tapes was evaluated only quali-
tatively by comparing the shapes of DCS melting records 
(see Fig. 1.). We interpreted these DSC records based on 
relaxation of oriented chains and subsequent recrystallization 
of PPH that took place during annealing of the tape. These 
processes begin at annealing temperature (approximately at 
150 °C). a second melting DSC peak occurs at 155 °C. The 
recrystallization processes became more intensive at higher 
annealing temperatures (an example is given for 160 °C); the 
second melting peak gets larger and it is shifted to higher 
melting temperature. Process of recrystallization at annealing 
temperature 170 °C starts to change substantially the crys-
tallite character of the tape. the thicker lamellae are built-up 
(higher Tm) and the orientation of chains decreases rapidly.

t e n s i l e  t e s t s
The results of tensile tests (tensile strength and elonga-

tion at break) are presented in Fig. 2. Tensile strength decre-
ases with annealing temperature in the whole annealing tem-
perature range, because the above mentioned recrystallization 
process decreases orientation of polymer chains.
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Elongation at break increases only up to annealing tem-
perature 160 °C and then it drops. This fact could be also 
attributed to the polypropylene recrystallization (see above) 
and subsequent destruction of the tape orientation.

A d h e s i o n  o f  t a p e s
The strength of lateral weld adhesion of a couple of 

tapes is depicted in Fig. 3. The adhesion increased with the 
welding temperature, however, the experimental results exhi-
bited higher scatter. at temperature below 164 °C no measu-
rable adhesion was detected and above 169 °C considerable 
melting of tapes was observed and this technique of measure-
ment was not applicable.

r e l a x a t i o n  o f  o r i e n t e d  t a p e s
the relaxation of internal stresses was assessed only 

qualitative till now. The static deformation of a tape speci-
men with respect to the mean level of a fluctuating stress at 
constant heating rate were taken as a measure of intensity of 
the relaxation process at given temperature (see Fig. 4.). It 
is evident that at low mean stress levels (2, 5, 10 MPa) the 
shrinkage of the tape is much more intensive than the creep 
deformation and contrariwise at high stress level (20 MPa).  
A balance is held for a stress of about 15 mPa.

P r o p e r t i e s  o f  P r e s s e d  C o m p o s i t e 
P l a t e s

The hot pressed composite plates have a specific 
structure composed of well distinguishable layers because the 
pressing requires specific conditions (temperature) for rece-
iving relatively good cohesion and preserving a substantial 
part of molecular chain orientation in the tapes. An example 
of a microtomic section is presented in Fig. 5. 
Fig.	4:	Dependence	of	stationary	deformation	of	the	tape	under	
constant fluctuating stress on temperature during the DMA mea-
surements.	the	mean	stress	levels	are:	2,	5,	10,	15	and	20	mPa.

Finally, the basic tensile properties were measured 
(Fig. 6). The tensile strength and also the elongation at break 
remain stable in the chosen temperature interval of pressing 

and it is remarkable that the strength of the composite is 
about two times higher than the strength of unoriented PPH. 
The elongation at break is lower compared with PPH but it is 
high enough to conclude that the composite materials are not 
brittle at the laboratory temperature.

the composite samples were further tested by dart drop 
(Fig. 7). The maximum force (or maximum force at first 
break) and the puncture energy were recorded. The evalua-

Fig. 1.  Heat fluxes of PPH tapes (heating rate of 10 °C min–1).	
Original  tape  (23 °C  --)  and  annealed  tapes:  150 °C  (-×-), 
160 °C (--) and 170 °C (-+-)

Fig. 2.	 Dependencies	of	tensile	strength	(-○-)	and	elongation	at	
break	(-◊-)	of	PPH	tapes	tB	on	annealing	temperature

Fig. 3.	 Dependence	of	weld	adhesion	(-○-)	of	PPH	tapes	tB	on	
temperature	of	short	time	welding

Fig. 4.	 Dependence	of	stationary	deformation	of	the	tape	under	
constant fluctuating stress on temperature during the DMA mea-
surements.	the	mean	stress	levels	are:	2,	5,	10,	15	and	20	mPa
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tion was complicated by the fact that the thickness of the 
composite plates varied from sample to sample and that the 
simple relation between the value of measured quantity and 
the thickness of the plate is not known. therefore the set of 
unoriented PPH plates (the same type of PPH resin) of diff-
erent thickness were pressed and the corresponding proper-
ties were measured at the same conditions. For evaluation 
the ratio between the value of composite property and the 
interpolated value (into the same thickness) of the same pro-
perty for PPH plate was used. We found that the properties 
of the composite plates are noticeable better than the pro-
perties of PPH unoriented plates in the “pressing window” 
160 °C /164 °C especially at testing temperature –20 °C. The 
common PPH homolymer is brittle and it splitters during the 
impact test. to the contrary, the composite plate exhibits no 
splitter at this temperature (Fig. 9.).

Important factor is the internal cohesion of the compo-
site plates. It was assessed by a modified peeling test. a strip 
of the surface fabric layer of 15 mm in width was peeled up 
from the pressed composite plate to evaluate the cohesion of 
the plate with respect to the different pressing temperatures. 
The results of measured specific forces are depicted in Fig. 8. 
It is evident that the welding of oriented tapes starts appro-
ximately at 160°C and is significantly better for the material 
consisting of oriented tapes and unoriented PPH film layers.

Conclusions
It has been demonstrated that a “pressing window” exists 

for PPH tapes in the temperature range around 164°C where 
some reasonable adhesion between PPH tapes is formed and 
the high strength of tapes is kept.

only a part of the PPH material melted and recrystalli-
zed during processing at this temperature.

The complete recrystallization of an oriented tape is 
connected with the loss of molecular chain orientation and 
then also with the loss of the tensile strength.

The cohesion of pressed plate can be improved by adding 
an unoriented PPH film.

Fig. 5.	 micrograph	of	the	layer	structure	of	the	composite	plate	
consisting	of	8	layers	of	PPH	woven	fabric	(WF)	and	7	layers	of	
PPH film (PF). (Pressing temperature 166 °C)

Fig. 6.	 Dependencies	 of	 tensile	 strength	 and	 elongation	 at	
break	on	pressing	temperature	for	hot	pressed	composite	plates:	
8	layers	of	PPH	woven	fabric	(8WF)	or	8	layers	of	PPH	woven	
fabric and 7 layers of PPH film (8WF + 7PF)

Fig. 7.	 Dependencies	of	maximum	force	and	puncture	energy	
on pressing temperature at + 23 °C and –20 °C for hot pressed 
composite	plates:	8	layers	of	PPH	woven	fabric	(8WF)	or	8	layers	
of PPH woven fabric and 7 layers of PPH film (8WF + 7PF)

Fig. 8.  Dependencies of specific peel force on the pressing tem-
perature.	Peeling	of	surface	fabric	layer	from	different	compo-
site plates: tensile strength (-○-) and elongation at break (--)	of	
PPH	tapes	tB	on	annealing	temperature
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Some distinct layer structure is observed in the compo-
site plates pressed according to described procedure.

a shrinkage stress around 15 MPa was found in the PPH 
tapes at drawing ratio of 8 : 1 and it has to be compensated 
during processing.

The decrease of dart drop strength is the main competi-
tive process with respect to the improvement of the homoge-
neity and the cohesion of the composite plate. this process 
closes the “processing window” for higher temperatures.

The self reinforced PPH composite plates exhibit very 
good low temperature toughness comparing to the same 
grade of polypropylene homopolymer and they do not splitter 
by the low temperature impact.

We thank the Board of Industry and Trade for financial 
support, grant: 1H-PK/39).
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introduction
Polyurethanes (PUr) are unique family of polymeric 

materials that is able to pose wide range of properties to suit 
many requirements. Some of the applications of this versatile 
polymer include foams, elastomers, paints, fiber, adhesives 
and sealants1.

Biodegradation is natural process of material decom-
position which is based on the fact that synthetic polyme-
ric materials could serve as carbon and energy sources for 
many microorganisms including bacteria, moulds and yeasts. 
Despite its xenobiotic origin PUR was found to be susceptible 
to biodegradation by naturally occurring microorganisms2,3. 

Biodegradability of material can be influenced by many 
factors. very important are structure properties such as 
molecular orientation, crystallinity, cross-linking and chemi-
cal groups presented in the molecular chain. For example, 
increase of molecular weight or crystallinity usually leads 
to increasing material durability. Thus, variations in the 
degradation patterns of different PUR are attributed to many 
properties of PUR such as topology and chemical composi-
tion3,4. 

other important factors which influence process of 
biodegradation in nature are presence of susceptible micro-
bial population and environmental conditions. PUR biode-
gradation activity was observed for many microorganisms 
including bacteria (e.g. Corynebacterium sp., Pseudomonas 
aureginosa, Comamonas acidovorans, Pseudomonas chloro-
raphis, Pseudomonas flourscens, Acinetobacter calcoace-
ticus and Arthrobacter globiformis) and fungi (Culvularia 
senegalensis, Fusarium solani, Aerobasidium pollulans, 
Cladosporium sp., Cheatomium globosum and Aspergillus 
terreus)3.

In this work, biodegradability of modified PUR foams 
was tested using single bacterial strain (Arthrobacter glo-
biformis), mixed bacterial culture (Thermophillus sp.) and 
selected moulds strains (Fusarium solani, Alternaria alter-
nata). In a complex comparative study standard biodegra-
dability tests in laboratory conditions, in model composting 
conditions and also in different natural environments were 
used.

experimental
PUr	 foams were modified by following biopolymer 

components: 10 % of acetyl- (aC), hydroxyethyl- (HEC) 
cellulose, 10; 20; 30 % of carboxymethyl cellulose (CMC), 
10% acetylated starch (aS), 10 % glutein (PB). Modifying 

agents partially replaced polyether polyol. Reference sample 
without modification agent was tested too.

Flask	 biodegradation tests were carried out in 50 ml 
of defined media under permanent shaking (120 rpm). one 
sample of PUR was represented by 0.25 g of PUR. Growth 
characteristics and chemical oxygen demand were determi-
ned in regular intervals. at the end of cultivation (about 300 
hours) PUR mass decreases were measured gravimetrically 
and PUR surface changes were analysed microscopically. 
PUr foams were tested in complete medium as well as the 
only carbon and/or nitrogen source. Single strain Arthroba-
cter globiformis CCM 193 was cultivated at 25 °C in Nutri-
ent broth NB1 and in Minimal inorganic medium containing 
glucose as carbon source and (NH4)2So4 as nitrogen source. 
mixed aerobic thermophillic culture Thermophillus sp. was 
originally obtained from sludge of wastewater treatment in 
Bystřice pod Hostýnem. Cultivation was carried out at 60 °C 
on Minimal inorganic medium with minerals and vitamins. 
the mould strain Fusarium solani F-552 was cultivated on 
Minimal inorganic medium according A. globiformis. Alter-
naria alternata was identified during the study with A. glo-
biformis as a common air contaminant. A. alternata was cul-
tivated on Minimal inorganic medium too. 

model	composting experiments were carried out under 
controlled conditions in presence of culture Arthorbacter 
globiformis. Model experiment under composting conditions 
was performed according to ref.1. PUR mass changes and 
surface patterns were analysed at the end of the experiment.

test	 of	 biodegradability	 in	 natural	 condition. PUr 
foams were exposed to three different natural envitoment for 
50 days. After the end of exposition, mass decreases of foams 
were analysed and a total bacterial microflora (quantified as 
colony forming units) in each environment was determined.

results
all flask biodegradation tests proved that crucial for 

the course of PUR degradation are type and concentration of 
modification agent (see Fig. 1. and Fig. 2.).

Generally, PUR mass decreases during flask biodegra-
dation tests were practically identical in presence and/or in 

Fig. 1.  Mass decreases of PUR samples modified by different 
agents (flask biodegradation test)
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absence of bacterial culture. on the other side, the presence 
of PUR foam influenced the growth of culture. These two 
effects could be explained as two-step biodegradation pro-
cess. First, abiotic destruction of foams occurred, which was 
followed by the second step – utilization of degradation pro-
ducts by the bacterial culture.

The growth of culture in presence of individual PUR 
samples was dependent on type of modifying agent. The hi-
ghest growth of both cultures was observed in PUR modified 
by CmC. 

experiments with PUr foams used as the only carbon 
or nitrogen source for thermophillic culture showed that all 
modified PUR foams could serve as the only nitrogen source. 
Surprisingly, PUR modified by CMC and aS were better 
nitrogen sources than inorganic salt. on the other side, only 
PUR foam modified by aS supported the growth of culture 
when no other carbon source was present.

In all experiments with fungi, a typical distribution of 
biomass between PUR surface and medium was observed. 
Alternaria alternata utilized all PUR as the only carbon 
source. Foams modified by CMC and by aS strongly sup-
ported absorption of biomass on PUr surface. Under nitro-
gen limitation practically the whole biomass was adsorbed 
on foam surface.

Fusarium solani was able to use modified PUR as the 
only carbon as well as nitrogen source. This strain also stron-

gly preferred growth on surface of PUR foams, mainly under 
both carbon and nitrogen limitation.

In model composting conditions, the highest loss of bio-
mass was observed in PUR modified by 10 % of CMC. 

all tested natural environments disposed PUR biode-
gradation activity. In environments different total bacterial 
activity was found. Individual environments exhibited also 
different degree of exposition of foams to natural conditions 
(weather, water, etc.) which could be considered to be impor-
tant abiotic factors.

It seems that in early stages of long-term natural degra-
dation microbial and abiotic factors act simultaneously, but 
abiotic processes are more efficient. The highest degradabi-
lity degree was shown repeatly in PUR modified by CMC 
and AS. 

Conclusions
Tested PUR foams could be biodegraded by microor-

ganisms used in this study. Degree of degradation is stron-
gly dependent on type and concetration of used modifying 
agents. The highest tendency to biodegradability by most of 
tested microorganisms was observed in PUR modified by 
CMC and aS. Mainly in early stages of degradation abiotic 
and microbial factors act simultaneously. It seems that micro-
organisms are able to utilize degradation fragments formed 
during abiotic decomposition. 

the effect of mould sorption on PUr surface could be 
important for biotechnological application. Surface sorption 
degree depended on type of used modifying agent, mould 
strain and also on cultivation conditions.

This work has been supported by project MSM 
0021630501 of Czech Ministry of Education.
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introduction
In last decade vast literature has been published on poly-

mer nanocomposites reinforced with layered silicate. As it 
might be thought that the past decade possess a time long 
enough to fully understand principles of mechanical reinfor-
cement of layered silicate nanocomposites. It is mostly truth 
in the opposite way. according to the amount of published 
literature and increasing interest from industrial sphere, we 
have decided to highlight the reinforcing mechanism in laye-
red silicate nanocomposites. Polymer nanocomposites based 
on layered silicate were first prepared by Toyota researchers 
twenty years ago. Compared to the traditional composites, 
they possess optimal mechanical properties at low filler con-
tent, improved barrier properties. Interesting in this material 
is that a very small amounts of silicate resulted in pronounced 
improvements of mechanical and barrier properties3. 

The commonly used layered particles belong to the 
family of silicates. among them montmorillonite, hectorice 
and saponite are the commonly used. their crystal structure 
consists of layers stacked together. These layers are connected 
by van der Walls forces and form an interlayer or a gallery. 
They show two interesting abilities. The first ability is the 
possibility to disperse into individual layers. and the second 
is the ability to fine-tune their surface through ion exchange 
reactions. Layered silicates are mixed with plenty of polymer 
matrices. Glassy, Semicrystalline, Crystalline, liquid crystal-
line or biodegradable matrices are the most popular ones. But 
the physical mixture of polymer and layered silicate may not 
form a nanocomposite. This situation is analogous to polymer 
blends and leads to discrete phases and to separation. the immis-
cible systems correspond to the more conventionally filled poly-
mers with poor physical interactions between organic and inor-
ganic component. If a satisfactory result is expected a thoroughly 
particle distribution and dispersion must occur. Never then less a 
three limiting cases existed. (i) Floculated, where clay particles 
remain in their pristine form without dispergation, this system 
is equal to a common microcomposite, (ii) Intercalated, where 
a polymer matrix penetrates the gallery of layered particles, but 
they are still arranged in the “hair-like” fashion. (iii) exfolia-
tion where separate clay particles are homogenously distributed 
in the matrix posses the highest possible aspect ratio given by 
the platelet dimensions. all systems can be characterized with 
increasing an aspect ratio of a particle and increasing the gallery 
spacing1.

Below their tg polymers remains in so called glassy 
state. It means that only energy driven elasticity may oc-
cur. It is due the low thermal energy level of polymer chains 
which alows only anchorded movement of small parts of 

segment conformation or only the vibration. Well above the 
tg the energy is much more higher that the energy barrier 
of the chain movement. This allows chain to posses a large 
variety of segmental movement and conformations. There-
for the elastic response of the material above Tg is primarily 
an entropy driven. The polymer remains in rubbery or rub-
bery liquid state. In semicrystalline polymers the discription 
is more complicated because of the presence of the crystal 
phase. Polymer of this kind can be termed as a composite 
with crystal reinforcement in amorphous matrix. the elas-
tic behavior of glassy portions is more complex. The chain 
movement is hindered with presented crystalline domains or 
they undergo a multiphase morphology like the chains ancho-
red in crystalline domains.

There is no doubth that the adition of the filler to matrix 
leads to the enhancement of its mechanical properties. Like 
strength, stiffness and modulus4. three basic mechanisms sti-
ffening may be considered. (i) replace of softer matrix with 
stiffer filler, (ii) a stress transfer from matrix to filler (For 
non-spherical inclusions). (iii) a polymer immobilisation 
on the surface of the filler as a consequence of matrix filler 
interactions. In amorphous matrices above their Tg this is the 
most pronounced reinforcement effect. Below the tg where 
all the chains are already immobilized the remaining two 
mechanisms prevails. In semicrystalline polymer between the 
temperature range Tg and tm an amorphous phase can contri-
bute to the reinforcement via the chain immobilization. The 
other remaining mechanisms are active as well. aditionally 
a neglecting effect must be taken into a consideration like 
the particle agregation, low intercalation or exfoliation, voids 
and bulk non-homogenities. This complicates the modulus 
predictions based on material parameters and aspect ratio as 
a function of filler concentration1.

In this article we attempt to make an analysis of publis-
hed data on the elastic modulus of layered silicate nanocom-
posites for amorphous and semicrystalline polymers. Simple 
Halpin-tsain model was used to determine the upper and 
lower limiting values of the elastic modulus of weakly and 
strongly interacting systems.

methodology	Used
An experimental data published on clay minerals in poly-

mer matrices were colected. Amorphous and semicrystalline 
polymers were taken into a consideration. The values for 
amorphous matrices were taken below tg and for semicrys-
talline matrices below tm. the boundary lines for upper and 
lower limiting values were calculated using simple Halpin-
tsai model2

where
 m

c
e
e ratio represents the relative modulus, Ec refers

 
to complex modulus and em to matrix modulus. ζ is termed  
 

, (1)
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as shape parameter and is related to the aspect ration with 
equation 

ζ = 2ar. (2)

thickness
lengthAr =  (3)

η is a material parameter related to the elastic modulus 
of constituents with equation 

Based on simple micromechanical model represented by 
Halpin-tsai model we may consider the aspect ratio equal 
1 for no intercalated systems and equel 250 for fully inter-
calated systems. The values of limiting aspect ratios were 
roughly estimated from microscopic observations of com-
mercional layered silicate nanocomposites.

results	and	Discussion
In amorphous polymers below tg the chains remain in 

a frozen state. No low temperature conformations are consi-
dered. Hence no further immobilisation can take place while 
embedded the filler. as a result there are only two reinforcing 
mechanisms that were left to consider, reinforcement based 
on elastic modulus and aspect ratio. experimental data taken 
from the literature for glassy polymers reinforced mostly 
with mmt particles completely fell between the bounda-
ries predicted by micromechanical model calculated by  
equation (1).5–18

In semicrystalline polymers one may take into a conside-
ration an existance of two distinct temperature regions.19–32. 
t < tg for the amorphous phase and tg < t < tm. Below the tg 
the reinforcing mechanism is the same as for the amorphous 
polymers below their tg. the presence of platelets did not 

alter the crystalline regions during solidification. on the other 
hand the semicrystalline polymer in the temperature range 
tg < t < tm represent more complex behaviour. The amor-
phous phase above the Tg shows a nano-scale reinforcement 
mechanism base on segmental immobilization becomes more 
important. The overall contribution is proportional to the 
amount of amorphous portion in semicrystalline polymer able 
to be immobilized. From H-NMR and Raman spectroscopy 
measurement only 5–20 % of chains is mobile in the case of 
common polyolefines at room temperature. It is not surpising 
that the reinforcement for semicrystalline polymers is not as 
pronounced as for amorphous polymers. It seems that the 
main reinforcing mechanism for semicrystalline polymers is 
the same as for the glassy polymer matrices – stress transfer 
into a platelet shape filler. This hypothesis is supported by the 
observation of systems reinforced with fillers with high inter-
cations like (polyamides) compared with the systems with 
weakly filler matrix interactions (polyolefines) at the same 
filler content.

Conclusions
An experimental data published in literature on the rela-

tive elastic modulus of amorphous and semicrystalline laye-
red silicate nanocomposites were analyzed using a simple 
micromechanical model. It was demonstrated that the mecha-
nism of reinforcement for amorphous polymers beneath their 
tg and for semicrystalline polymers beneath their tm origina-
tes primarily from the substitution of matrix with stiffer filler 
and from the stress transfer. most of the published data fell 
within an upper boundary with aspect ratio 250 and the lower 
boundary with aspect ration 1. the upper bound has not been 
achieved because of the low degree of intercalation of plate-
lets, non-homogeneus dispersion and random orientation of 
the particles. the upper bound is truly related to the idealised 
dispersion and intercalation.

Authors are very thankful to the Ministry of Education, 
Sport and Youth for their financial support, grant ID: MSM 
0021630501.
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introduction
Hornification is one of the main reasons leading to brit-

tlenes of fibres on paper recycling1. Brittlenes of recycled 
fibres is explained by hornification which is measured as 
a loss of the ability of fibres to retain water. This phenomenon 
was observed with lignin-cellulose fibres when they were 
repeatedly wetted and dried. 

Hornification is one of the presumed processes occurring 
also during accelerated ageing of paper. However, the effect 
of hornification on changes in strength properties of paper 
has not been expressly proved so far. Hornification manifests 
itself in lignin-cellulose fibres as their lower ability to retain 
water and it is determined by Wrv.

To determine the degree of hornification and to deter-
mine the changes on absorption of water, several methods 
can be used, for example the method determining the ability 
to retain water (WRV) or the method determining the point 
of saturation of fibres (FSP). WRV is calculated as a ratio 
of the mass of water in saturated fibres dipped into water, 
with subsequent removal of superfluous amounts of water in 
a centrifuge to the mass of absolutely dry fibres. The FSP is 
calculated as the total volume of pores, in other words the 
total content of water in the pores of the cell wall, and can 
be determined by free discharge or absorption of nitrogen. If 
the content of water is lower, Wrv decreases linearly with 
increasing dry matter. This situation shows that hornification 
can occur when the content of water falls under critical level. 
If the content does not fall under FSP, hornification shall not 
occur. Both WRV and FSP fall in value when the fibres get 
repeatedly wetted, from dry state.

the chemical treatment, that is usually used to pre-
vent hornification, gets effective under the condition that it 
disrupts the creation of hydrogen bonds between cellulose-
cellulose and that it becomes strong enough to inhibit serious 
changes in the inner structure of the paper.

To prevent the process of hornification one can use 
chemicals that can cause the fibres to swell. Some studies 
have shown that alkalic NaoH causes the fibres to swell on 
the basis of ion-exchange reaction.2–6 The swelling occurs 
in reaction to osmotic pressure, generated by cations pre-
sent in the solution (Donnan Effect). The level of swelling  
 

increases with the following order of cations: al3+ < H + < 
Mg2+ < Ca2+ < Li+ < na+.

The known modification processes that are to protect the 
lignin-cellulose carriers of information, as for example the 
Bookkeeper process7–11 or the Wei t’o Canada9,12, run on the 
basis of compounds that contain magnesium.

The neutralising agents for the Bookkeeper process are 
the particles of magnesium oxide (Mgo) that are smaller than 
1μm and are dispersed in perfluorheptane. Some part of the 
content of magnesium oxide neutralises the present acids, 
while the non-regenerated part creates alkalic reserve. The 
magnesium oxide reacts with the acids and with the moisture 
in the paper in reactions described in the work13.

The deacidification agent	of	Wei t´o Canada is methoxy-
magnesium-methyl-carbonate (MMMK). This alkoxide is 
soluble in organic solvents. It is an organic-metallic compound, 
having the formula: CH3o – Mg – o – Co – o – CH3 × xCo2, 
where x depends on solvents and on temperature14.

the mmmK reacts with the moisture of the paper, but 
most of all with the air humidity, as expressed by the reac-
tion13:

H3o – Mg – o – Co – o – CH3 + 2H2o → Mg(oH)2 +
 -CH3oH + Co2

There occur some other reactions liberating magnesium 
di-hydroxid Mg(oH)2, magnesium carbonate MgCo3 and 
magnesium oxide Mgo, that react with the acids present in 
paper, thus creating neutral salts. The magnesium compounds, 
namely, Mg(oH)2, MgCo3 and Mgo, gradually absorb the 
moisture and carbon dioxide Co2 from the air to form basic 
magnesium carbonate Mgo . MgCo3

. Mg(oH)2 that gets 
deposited into the fibres of the substrate, thus creating alkalic 
reserve that is able to protect the paper against acids.

The end-products from the previously mentioned reac-
tions have a deacidification effect on the products of acid 
hydrolysis in the paper. Simultaneous swelling reactions of 
the fibres can occur and they lead to increased flexibility and 
antihornification effect.

This study reports on the effect of some magnesium 
compounds on improved ability of fibres to retain water in 
the process of accelerated ageing. The ability to retain water 
is a measure of hornification that is one of the mechanisms of 
fibre brittlenes.

experimental
T h e r m a l l y  a c c e l e r a t e d  a g e i n g

Paper samples held 24 hours in climatic conditions at 
23 °C,and RH = 50% were put in sacks made of layered 
polyethylene foils with aluminium layer and hermetically clo-
sed. The sacks were conditioned at temperature t = 98 ± 2 °C, 
in time periods 0, 1, 2, 3, 5, 10, 15, 20 and 30 days according 
to standard AStm d 6819-02 ref.15.

P a p e r
the experiment was performed on newspaper produced 

by Jihočeské papírny Větřní a.s. The newspaper was wood-
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based, callendered, nonsized, with basis weight 45 g m–2, 
containing 55 % bleached ground wood pulp, 20 % white 
sulphate pulp, 15 % trapped waste fibres, 10 % clay, pH (sur-
face): 4.5–5.0.

m o d i f i c a t i o n  S u s p e n s i o n s
In the fight against the ageing processes, the procedures 

commonly used to modify paper are the processes Bookkee-
per and Wei t’o. these processes are based on the concept of 
binding particles of magnesium compounds onto the paper 
fibre surface. Used modification surpensions were:

Suspension of Mgo in perfluorheptane (Bookkeeper), 
Preservation Technologies, L.P. (PTLP), Cranberry. 
township, PA (USA). the PtLP declares that their dis-
persion of Bookkeeper contains three basic groups of 
components16.
Methoxy-magnesiummetyl-carbonate in methanol, 2% 
solution, (mmmK), produced by SnK, martin.

M e a s u r i n g  o f  M e c h a n i c a l 
P r o p e r t i e s 

The tensile test to determine breaking length was per-
formed on a universal tensile strength tester INSTRoN 1122, 
Instron Ltd., High Wycombe, Buckinghamshire, England, 
pursuant to the specification STN ISO 1924–1 (500340): 
Paper and cardboard. Determination of tensile properties. 
Changes of folding endurance17 (w) were studied on modi-
fied and aged samples.

W a t e r  r e t e n t i o n  v a l u e 
The test is carried out by placing a pad of moist fibers 

in a centrifuge tube that has a fritted glass filter at its base. 
The centrifuge is accelerated at 900 g to remove water from 
the outside surfaces and lumens of the fiber (a higher force is 
used according to some European standards). The remaining 
water is believed to be associated with submicroscopic pores 
within the cell wall. The centrifuged fiber pad is weighed, 
dried at 105 °C, and then reweighed. The WRV equals the 
ratio of the water mass to the dry mass according to standard 
ISo 23718:2007.

results
The previous works report that a modification by Book-

keeper is more or less just a surface modification and a modi-
fication of the paper by MMMK can be considered as running 
inside the volume because it is present in the whole volume 
of the paper. A similar difference can be found as to the con-
tent of magnesium in the paper on modification18.

Fig. 1. shows changes in the WRV parameter of modi-
fied papers as related to the period of ageing. The lowest 
slump of WRV is in connection with the non-modified paper. 
With the papers modified by compounds of magnesium, the 
decrease of WRV with time of ageing is less dramatic. The 
process of modification in surface, that works with a lower 
content of magnesium than the process of modification in 
volume, led to an increase of WRV by 17 %, while the modi-

•

•

fication in volume saw the increase just by 5 %.When one 
compares the curve of this characteristic and how it develops 
during ageing, one can see that for the volume modification 
the trend of WRV to decrease is not significant, the value of 
WRV decrease is rather stable in the range between 78 % and 
72 %. However, in the process of surface modification the 
WRV value falls from 90 % to 70 %.

When one compares changes of the relative WRV to the 
changes of WRV for non-aged paper, as dependent on time 
for given modification processes (Fig. 2.), the trends in decre-
ase for this value are similar. With non-modified paper this 
relation has a decreasing characteristic, while with modified 
samples the decreasing trend looks as if it has stopped and is 
not continuing any more. out of this relation the best seems 
to be the modification at which magnesium has been distri-
buted into the whole volume of paper, as the decrease of rela-
tive WRV is the slightest. It could be caused by the moisture 
in the paper itself. Probably, during ageing of the paper, mag-

Fig. 1.	 WrV	as	a	function	of	accelerated	ageing	time	period	for	
different modified papers

Fig. 2.	 relative	value	of	WrV	that	is	a	ratio	of	WrV	and	WrV	
time	=	0	as	a	function	of	accelerated	ageing	time	period	for	diff-
erent modified papers
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nesium reacted with the moisture present in the paper which 
caused swelling of the fibres, thus leading to better results of 
the process of hornification.

Fig. 3. shows the dependence of number of double-folds 
during accelerated ageing on time. The effect of magnesium 
compounds on the number of double-folds is clearly positive. 
Improvements in the number of double-folds can be seen also 
in non-aged samples, in which case the papers modified in 
volume or surface prove higher number of double-folds than 
non-modified paper. The curves reflecting the changes of 
double-folds are similar for all samples. The greatest decre-
ase can be seen with the non-modified paper. all the samples 
show the greatest decrease in the number of double-folds in 
the first ten days of accelerated ageing, later there is a ten-
dency to certain stabilisation of the decrease of the measured 
quantity. a similar development of relation can be seen for 
the Wrv.

Fig. 4. shows dependences of breaking length on time of 
accelerated ageing. Even in this relation one can see the posi-

tive effect of paper modification via magnesium compounds. 
Even more, modification in volume increases the breaking 
length of paper during accelerated ageing. Similarly, paper 
modification in surface considerably contributes to its brea-
king length. In the case of non-aged papers, no differences 
can be seen for the parameter of breaking length.

Fig. 5. documents dependence of the number of dou-
ble-folds on WRV of papers modified in different way. all 
the measured dependences reflect the fact that with growing 
values of WRV the number of double-folds grows as well. 
For non-modified paper the number of double-folds falls to 
zero. For modified papers the minimum values are consi-
derably higher and they do not fall to zero.

For non-modified paper, the breaking length depending 
on WRV changes linearly, but with growing value of WRV 
the breaking length increases. For paper modified in surface, 
a similar dependence has been obtained, but with smaller 
angle of inclination. The paper modified in volume does not 
show this dependence.

Fig. 3.	 Folding	endurance	as	a	function	of	accelerated	ageing	
time period for different modified papers

Fig. 4.	 Changes	 in	breaking	 length	during	accelerated	ageing	
for different modified papers

Fig. 5.	 relationship	between	folding	endurance	and	WrV

Fig. 6.	 Breaking	 length	 as	 a	 function	 of	 WrV	 for	 different	
modified papers
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Conclusions
Modification of lignin-cellulose fibres by magnesium 

compounds leads to their better retention of water. Modifica-
tion by magnesium compounds inhibits hornification of fibres 
along the process of ageing. The probable mechanism of the 
modification is based on reaction of magnesium compounds 
that are transported into the paper in organic phase by water 
present in the paper. Magnesium compounds react with resi-
dual moisture giving alkalic substances that improve the abi-
lity of fibres to retain water. The fibres thus adjusted are more 
flexible; they undergo only a limited process of hornification 
and are more stable on bending than non-modified fibres.

We thank to project of the Ministry of Education of Slo-
vak Republic No 2003 SP200280301 Preservation, Stabiliza-
tion and Conservation of Traditional Information Carriers of 
the Slovak Republic.
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introduction
During processing by extrusion polymers undergo harsh 

thermo-mechanical exposure, which usually induces chemi-
cal reactions leading to the changes in polymer backbone. 
Conditions in extruder cylinder are very specific as to the 
access to oxygen, which basically impacts the chemistry of 
degradation. a certain limited amount of oxygen originally 
dissolved in polymer matrix is consumed at the initial zone 
of cylinder. The following path through cylinder is characte-
rized by no oxygen access. Different kinds of reactions thus 
take place during extrusion1,2.

In the case of polypropylene homopolymer (PPH), the 
traces of oxygen are consumed by the reactions with R• radi-
cals, originating from the thermo-mechanical cleavage of 
C – C and C – H bonds. These reactions give rise to the for-
mation of oxygen containing intermediates such as Ro• and 
roo• radicals, the cleavage of which leads to the decrease in 
molecular weight. These reactions, however, are of limited 
extent just because of the limited amount of oxygen entering 
the reaction. When oxygen is consumed, the thermomecha-
nical cleavage of C – C backbone plays the dominating role. 
This mechanism is typical for the processing in an extruder. 
Carbon centered r• radicals formed in this way are not able 
to propagate in the absence of oxygen and in the case of 
polypropylene they terminate by disproportionation giving 
rise to CH2 = C(CH3)- end groups. Due to the methyl substi-
tution, the end double bond cannot add r• radicals. thus in 
the case of PP no crosslinking occurs and processing degra-
dation leads exclusively to the decrease in molecular weight, 
reflected by the increasing melt-flow rate1,2.

PP homopolymer degradation mechanism has been well 
described in literature.1–4 on the other hand degradation of 
PP impact-copolymer is much less documented5,8. PP impact-
copolymer is typical with the heterogeneous structure, consi-
sting of PP homopolymer, ethylene-propylene rubber and a 
relatively small portion of PE homopolymer phases6,7. the 
degradation processes induced here by extrusion are thus 
more complicated and influenced by the presence of ethylene 
units, the quantity and distribution of which substantially 
influences the overall behaviour of the material. The target 
of this work is to elucidate phenomena taking place in PP 
impact-copolymer during extrusion.

experimental
m a t e r i a l s

Polypropylene, a medium-impact copolymer of Inno-
vene technology (gas-phase process) – (i) non-stabilized fluff 
(total ethylene content 6.4 % wt.) and (ii) commercial grade 
(total ethylene content 5.4 % wt.) both of melt-flow index 
(MFI) 6 dg min–1. (230 °C 2.16 kg–1) were used for the expe-
riments. Polypropylene homopolymer of the same techno-
logy, commercial grade of MFI 6 dg/min. (230 °C 2.16 kg–1) 
was used as a reference. Both commercial grades were pelle-
tized and stabilized with the same stabilizer system.

m e t h o d s  a n d  m e a s u r e m e n t
Processing stability was carried out on a Brabender sin-

gle-screw extruder 19mm, l/d=30, at 260 °C 100 rpm;
Melt-flow index (MFI) was measured at 230 °C, 2.16 kg 

(ISo en 1133). 
Yellowness index (YI) – according to aSTM D 1925 

(dataColor SF650) measured on pellets
GPC analysis – carried out at PL-GPC 220 with detec-

tors PL–220DRI and VISKoTEK model 220R, 3 × column 
PL gel 10 µm MIXED-B, 300 × 7.5 mm, mobile phase TCB, 
flux 1.0 ml min–1.

mechanical properties were measured on Instron 4466 
and Zwick 5102; specimens injection moulded at 200–230 °C 
were used.

Solvents successive extractions were carried out using a 
Soxhlet extractor. Extractions varied from 12 to 20 hours; 5 g 
of polymer were extracted, solvent volume was 800 ml.

results
P r o c e s s i n g  o f  C o m m e r c i a l  G r a d e s 

Processing	stability
A commercial PP impact-copolymer (ICPP) and its 

homopolymer reference (PPH) were subjected to multiple 
extrusion on a laboratory Brabender extruder at 260 °C. 
Because both the starting materials were received in the form 
of pellets, the pelletization step at the producer´s facility at 
240 °C was denoted as zero extrusion, while the other ones 
carried out on a Brabender at 260 °C were numbered 1st to 5th 
extrusion. After selected extrusions, material properties were 
determined (tables I and II).

In spite of the different chemical compositions of 
both of the polymers, processing characteristics induced by 
multiple extrusion were found very similar. The presence  

table I
Properties of commercial ICPP after multiple extrusion at 
260 °C

  MFI [dg min–1] Yellowness oIT 180 °C
   index (yI) [min]
 0. extrusion 6.1 –3.4 22.1
 1st extrusion 6.9 -0.9 15.3
 3rd extrusion 8.7 1 12.6
 5th extrusion 11.5 2.3 13.8
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of ethylene units in ICPP did not exhibit any special impact 
on melt behaviour, so that as to the melt rheology, one could 
conclude that both the materials behaved similarly. Higher 
levels of colour development in ICPP may be accounted for 
to the phenol conversion, favoured by a higher level of oxy-
gen dissolved in its amorphous phase. The presence of oxy-
gen and phenol consumption are also likely responsible for 
faster oIT drop in ICPP. Regardless to their absolute values, 
oIT changes also indicate that the stabilizer system is faster 
consumed in ICPP.

More intensive changes in ICPP macromolecules are 
indicated by GPC data. It shows that average number molecu-
lar weight Mn drops due to multiple extrusion by 21 % rel. in 
ICPP and only about 8 % rel. in PPH (Tables III and IV).

mechanical	properties
The changes in mechanical properties, as a consequence 

of processing, were monitored. It was found that in spite 
of relatively strong thermo-mechanical impact of multi-
ple extrusion at 260 °C, tensile and flexural properties did 
not change substantially. attained values, such as shown in 
Tables V and VI, more or less lie within the range of experi-
mental error in the cases of both polymers. 

The only parameter reflecting the changes is Charpy 
impact strength at +23 °C, visibly decreasing with the num-
ber of extrusions. Beside lower absolute values, the higher 
relative drop in Charpy values was observed in PPH. 

While a more intensive drop in molecular weight was 
found in an ICPP during melting, the complexity of ICPP 
solid phase caused that its consequences were far not so dra-
matic. Relatively stronger decrease in Charpy values in PPH 
is likely the result of scission of the longest macromolecules, 
serving as tie molecules among the crystalline areas. Very 
similar phenomena must logically take place also in ICPP, 
where PPH phase occupies about 95 % of the mass of the 
polymer.

table II
Properties of commercial PPH after multiple extrusion at 
260 °C

  MFI [dg min–1] Yellowness oIT 180 °C
   index (yI) [min]
 0. extrusion 6.2 –4.4 9.5
 1st extrusion 7.1 –1.4 not
    measured
 3rd extrusion 8.6 -0.6 not
    measured
 5th extrusion 11.1 0.3 8.5

table III
Molecular weight distribution of ICPP after multiple extrusion 
at 260 °C

 PP- impact mn mw mz
  Intrinsic

 copolymer [× 103] [× 103] [× 103] mw/mn viscosity
      [ml g–1](GPC)
 0. extrusion 62 342 1,059 5.6 166.6
 1st extrusion 49 262 708 5.4 135.6

table Iv
Molecular weight distribution of PPH after multiple extrusion 
at 260 °C

 PP- impact mn mw mz
  Intrinsic

 copolymer [× 103] [× 103] [× 103] mw/mn viscosity
      [ml g–1](GPC)
 0. extrusion 51 314 986 6.2 158.4
 1st extrusion 47 260 705 5.6 138.3

table v
mechanical properties of ICPP after 0. and 5th extrusions  
at 260 °C

  0.extrusion 5th extrusion
 Stress at yield [mPa] 29.9 ± 0.1 29.2 ± 0.1
 Elongation at yield [%] 3.8 ± 0.1 3.9 ± 0.1
 Elongation at break [%] 67.3 ± 23 56.3 ± 18
 Flexural modulus [mPa] 1,671 ± 15 1,647 ± 19
 Impact strength Charpy 8.6 ± 0.3 7.0 ± 0.3
 + 23 °C [kJ m–2]

table vI
mechanical properties of PPH after 0. and 5th extrusions  
at 260 °C

  0.extrusion 5th extrusion
 Stress at yield [mPa] 33.9 ± 0.4 34.2 ± 0.2
 Elongation at yield [%] 7.5 ± 0.1 7.5 ± 0.1
 Elongation at break [%] >335 101– >335
 Flexural modulus [mPa] 1,597 ± 24 1,566 ± 30
 Impact strength Charpy 3.6 ± 0.1 2.6 ± 0.3
 +23 °C [kJ m–2]

Fig. 1.	 molecular	 weight	 distribution	 of	 iCPP	 after	 multiple	
extrusion  at  260 °C,  (full  line = 0.extrusion;  shredded  line = 	
5th	extrusion)
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However, the presence of rubbery (EPR) domains in 
ICPP causes that crack propagation rate is still fairly mode-
rated and the loss of some portion of tie molecules is thus 
compensated. Then the relative drop in Charpy + 23 °C values 
is rather moderate in ICPP.

Despite certain degradation changes, such as partial 
crosslinking, may also take place in EPR phase, their role as 
energy dissipaters is still not lost8. Hence, coming out of the 
above results it can be confirmed that as to mechanical pro-
perties, the negative consequences of processing degradation 
are less pronounced in ICPP than in PPH.

P r o c e s s i n g  o f  N o n - S t a b i l i z e d  I C P P
In the previous part, commercial ICPP and its PPH 

reference were investigated. Both were stabilized. Since the 
stabilizer system moderates degradation and diminishes its 
consequences, another measurements were carried out with 
a non-additivated ICPP fluff. With respect to the absence of 

stabilization only three processing extrusions were adopted. 
Samples after 0. and 3rd extrusion were tested.

Degradation of non-stabilized ICPP was found very 
intensive even after three extrusions at 260 °C, strong incre-
ase in melt-flow index was observed. The samples after  
0. and 3rd extrusion were subjected to successive extraction 
by organic solvents in order to separate individual polymer 
fractions and determine changes in their quantities as a con-
sequence of processing. 

as solvents, non-polar hydrocarbons with increasing 
boiling temperatures – n-hexane, n-heptane and n-octane 
were used according to scheme in Fig. 4. Polymers were dis-
solved in boiling solvent and precipitated from the solution 
at room temperature. Each solvent extracted different frac-
tion of polymer. In this way, four fractions – hexane solub-
les (HeX-sol), heptane solubles (HeP-sol), octane solubles 
(oCt-sol) and octane insolubles (oCt-ins) were attained. 
Their composition, previously determined by NMR, FTIR 
and dSC techniques9,10 is shown in table IX.

Considering the effect of processing on quantities of 
individual fractions it was found that hexane and heptane 
solubles mostly vary only within an experimental error and 
their quantities do not exhibit any impact processing. 

Biggest changes due to processing took place in both 
octane fractions. drop in octane insolubles indicates that 
the longest isotactic homopolymeric chains were reduced  

table vII
Melt-properties of non-stabilized ICPP after multiple 
extrusion at 260 °C

 ICPP fluff MFI [dg min–1]
 0. extrusion 6.0
 1st extrusion 20.1
 3rd extrusion 42.3

Fig. 2.	 molecular	 weight	 distribution	 of	 PPH	 after	 multiple	
extrusion  at  260 °C,  (full  line = 0.extrusion;  shredded  line = 	
5th	extrusion)

table vIII
Molecular weight distribution of non-stabilized ICPP fluff 
after triple extrusion at 260 °C

 PP- impact mn mw mz
  Intrinsic

 copolymer [× 103] [× 103] [× 103] mw/mn viscosity
      [ml g–1](GPC)
 0. extrusion 46 305 907 6.7 148.7
 3rd extrusion 30 185 472 6.2 99.5

Fig. 3.	 molecular	 weight	 distribution	 of	 non-stabilized	 iCPP	
fluff after triple extrusion (full line = 0. extrusion; shredded line =	
5th	extrusion)

Fig. 4.	 scheme	of	successive	extractions	of	a	non-stabilized	iCPP	
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in molecular weight. Increase in octane solubles portion on 
the other hand provides information on the degree of solubi-
lity of the scission products. no increase in heptane solubles 
then confirms, that the scission products are only highly crys-
talline PP homopolymeric chains. 

The solvent successive extraction thus provided evi-
dence that in ICPP the biggest extent of degradation changes 
induced by processing took place in a PP homopolymeric 
phase.

Conclusions
The above processing experiments have revealed, that 

despite higher extent of backbone scission taking place in 
ICPP, in terms of melt viscosity both polymers behaved in 
a similar way. It can be concluded that both ICPP and PPH, 
tested under the same processing conditions and using the 
same stabilizer systems, exhibit the same processing stabi-
lities. 

In the solid state some differences were observed. While 
the tensile and flexural characteristics were not affected by 

processing at all, impact properties dropped down and indi-
cated certain changes in polymer morphology. although the 
biggest portion of degradation changes took place in the 
homopolymeric phases of both polymers, the presence of 
rubbery domains diminished their effect in ICPP. due to the 
ability of moderating the crack propagation rate, EPR phase 
compensated the loss of some tie molecules and partly retai-
ned the impact resistance. Then it is evident that multiple 
extrusion caused relatively less harm in ICPP also in its solid 
state. 

The results obtained in this work, together with the data 
of our previous experiments, step by step reveal the mecha-
nism of ICPP processing degradation and allow us to learn 
where and in what extent degradation takes place.

The authors thank Jaroslav Kučera for mechanical tests 
and Radek Matuška for GPC measurements.Financial sup-
port from the Czech Grant Agency under project 104/07/1638 
is greatly appreciated.

reFerenCeS
 1. Zweifel H.: Stabilization of Polymeric Materials, Sprin-

ger-Verlag Berlin, Heidelberg, New York 1998.
 2. Gächter R., Müller H.: Plastics Additives, 3rd edition, 

Hanser Publishers, munich, vienna, new york, 1990.
 3. Hawkins W. L.: Polymer Stabilization, Wiley, new york 

1972.
 4. Scott G.: Mechanisms of Polymer Degradation and Sta-

bilisation, Elsevier applied Science, London and New 
york, 1990.

 5. Tocháček J., Jančář J., Kalfus J.: A poster presented at 
8th Austrian Polymer Meeting 2006, Johannes Kepler 
University, Linz, austria, 2006.

 6. Hongjun C., Xiaolie L., Dezhu M., Jianmin W., Hong-
sheng T.: J.appl.Polym.Sci. 71, 93 (1999).

 7. Hongjun C., Xiaolie L., Xiangxu C., Dezhu M., Jianmin 
W., Hongsheng T.: J.appl.Polym.Sci. 71, 103 (1999).

 8. Tocháček J., Jančář J., Kalfus J., šimková P., Buráň Z.: 
Polym. Degrad. Stab. 93, 770 (2008).

 9. Hermanová S., Jančář J., Tocháček J., Kalfus J.: Plastko 
2008 Conference, Zlín, Czech Republic, 2008.

 10. Hermanová S., Jančář J., Tocháček J., Kalfus J.: accepted 
for publication at macro 2008, Polymers at Frontiers of 
Science and Technology, Taipei, Taiwan, June 29-July 4 
2008.

table IX
overview of fractions available by successive solvents 
extractions from ICPP matrix9,10

  Pe-homo Pe-homo PP-atactic PP-isotactic
 HeX-sol • XX X 
 HeP-sol x x XX 
 oCt-sol  •  XX
 oCt-ins    XX
XX – prevailing, X – much, x – little, • – nearly nothing

Fig. 5.	 iCPP	 solvent	 successive	 extractions	 overview	 –	 mass	
balance
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introduction
Polymer semiconductors are poised as never before to 

transform the world of circuit and display technology. after 
more than 20 years of academic and industrial research worl-
dwide the conjugated polymers has reached a very high level 
of outstanding material properties that are particularly attrac-
tive for the electronic industry. There are many potential 
applications including light-emitting devices, photovoltaic 
solar cells, plastic field-effect transistors, non-linear opti-
cal devices. Major electronics firms such as Sony, Philips, 
Samsung, Siemens and Pioneer are now developing the low 
cost and sometimes surprisingly high performance organic 
electronic and optoelectronic devices. Large-scale multicolor 
displays together with flexible active matrix of organic thin 
film transistors (oTFT) are now commercially available. 
Functional polymers are applied even in the logical circuits, 
which give rise to a new branch – “Plastic Logic”.

For this to become a reality, an intensive research has to 
be done. The first highly conducting organic polymer, chemi-
cally doped polyacetylene, was reported in 19771. although 
initially these doped conducting polymers were unstable in 
air, brittle, and difficult to process, new generations of these 
materials are stable and easily processable from a wide vari-
ety of solvents. The electrical conductivities now range from 
those typical for insulators ( < 10–10 S cm–1), to those typical 
of semiconductors such as silicon (~ 10–5 S cm–1), to those 
greater than 104 S cm–1 (nearly that of copper, 5 × 105 S cm–1).  
at the end of the 1980s poly(phenylenevinylene) (PPV) has 
been one of the most studied polymers. this intense research 
led to the discovery of the polymer-based light emitting diode 
(Led)2 in 1990 by the Cambridge group in England. at the 
same period the high-performance electroluminescent devices 
made of multilayer of vacuum-sublimed dye films at Eastman 
Kodak3, field-effect transistors made from polythiophene4,5 
and from small conjugated oligomers6,7 were demonstrated. 
This was a breakthrough improvement since it made it 
possible to combine the good mechanical and processing 
properties of polymers with semiconducting behavior (provi-
ding processibility under well established techniques, such as 
spin or dip coating). From that time, wide range of semicon-
ducting polymers is now commercially available from diffe-
rent suppliers, for different quantities and qualities. 

In spite of great progress that has been made, there is 
still much to be understood about the underlying science 
that controls the properties of the organic electronic devi-
ces. organic materials have often proved to be unstable and 
when exposed to air, water, or ultraviolet light, their electro-
nic properties can degrade rapidly. Making reliable electrical 

contacts to organic thin films is difficult and the metal-poly-
mer interface is a matter of intensive study8. the low carrier 
mobilities characteristic of organic materials9 obviates their 
use in high-frequency (greater than 10 MHz) applications. 
These shortcomings are compounded by the difficulty of both 
purifying and doping the materials. Finally, in many types 
of organic semiconductors, the processes connected with the 
photogeneration and transport of charge carriers under the 
influence to electric field are still not well understood and are 
open to conjecture. The better understanding of these basic 
phenomena can enhance speed and efficiency of organic 
electronic devices, which is the fundamental motivation of 
our work.

organic photovoltaics currently lag behind the inorganic 
one because of low solar energy conversion efficiency about 
1–6 %. It is well known that photodissociation can be highly 
efficient in two component donor-acceptor systems, as evi-
denced by the photovoltaic response of several systems. To 
improve the efficiency, the combination of photoconducting 
polymer substrates and quest materials such as fullerenes 
were employed, nevertheless the experimental results pub-
lished by different authors are diverse. In order to enter an 
electrode the photogenerated charges have to move over the 
bulk of the solar cell and overcome the potential barrier in 
electrode region. on molecular level the charge transport can 
be affected by introducing the guest molecules, whose energy 
levels are in general different from the energy levels of the 
host. The transport of charges is affected by recombination 
during the journey to the electrodes – particularly if the same 
material serves as transport medium for both electron and 
holes. also, interaction with atoms or other charges may slow 
down the travel speed and thereby limit the current. It is of-
ten observed that the distribution in the length of the conju-
gated segments caused by kinks or chemical defects increases 
disorder in conjugated polymers as compared to their oligo-
meric counterparts or other small molecules. Thus, in organic 
photovoltaic devices based on the combination of additives 
and polymer substrates the interaction between the moving 
charges and the additives seems to be a crucial process af-
fecting the efficiency of photovoltaic conversion. Therefore, 
the aim of our study was to describe the influence of charge 
traps induced by additives on the efficiency of charge carrier 
transport.

experimental
Polymer devices were manufactured as a sandwich cell 

with a dielectric multilayer. Samples consisted of transparent 
indium tin oxide (ITo) electrode on a glass substrate on to 
which the 15 nm thin layer of poly(2,3-dihydrothieno-1,4-
dioxin) (Pedot) was spin cast from water solution to decre-
ase the injection barrier for holes. Then, the active polymer 
layer, typically 150 nm thick, was spin coated from chloro-
form solutions of mdmo-PPv (Poly[2-methoxy-5-(3’,7’-
dimethyloctyloxy)-1,4-phenylenevinylene] ) with 0/30 % wt. 
of spiropyran 6-nitro-1’,3’,3’,-trimethylspiro[2H-1-benzo-
pyran-2,2’-indoline] (SP). to decrease the contact injection 
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barrier for electrons a thin 10 nm layer of Alq3 (8-hydro-
xyquinoline, aluminium salt) was vacuum evaporated and 
the structure was completed by evaporation of aluminium top 
electrode 100 nm thick. average device area was 3 mm2. 

The photochromic reaction of SP was activated using a 
Xenon lamp with band filter (360 ± 20) nm. In our previous 
work it has been shown that after photochromic conversion 
the charge traps are created in the vicinity of a polymer chain 
and charge carrier mobility decreases which lead to to the 
current decrease10. the electric response of the samples on 
the spiropyrane photoswitching was studied by measuring 
the current-voltage (I-V) characteristics of the samples by 
Keithley 6517A electrometer.

results
The photoswitching of polymer conductivity and pho-

toconductivity was studied by standard current-voltage j(V) 
measurement. The results for typical devices are shown as 
log-log plot in Fig. 1. The variation of the dark current before 
and after photochromic conversion is depicted by dark sym-
bols, whereas the variation of the photocurrent during irradi-
ation of the sample with halogen lamp with cut off UV filter 
( < 420 nm) is shown by white symbols. In organic thin film 
devices the current is typically contact limited in low field 
region, whereas at higher field region space-charge or charge-
trap limited conductivity are commonly accepted. The results 
show this behavior. at low forward-bias voltages below 10 V 
the increase of j with V is relatively small, whereas in the 
higher field region the slope of the dependence is more pro-
nounced, which is in accordance with Space-charge limited 
current (SCLC) theory. this theory proposes that the space 
charge which limits conduction is stored in the traps. In the 
case of energetically discrete trapping level, the SCL current 
can be expressed as 

where ε and ε0 is the relative permittivity and permittivity 
of vacuum, μ is the charge carrier mobility, V is the applied 
voltage, L is the electrode distance and θ is the ratio of free to 
total charge carriers.

However, in cases of practical interest traps are usually 
distributed in energy. In that case traps will be filled from the 
bottom to the top of the distribution as applied electric field 
increases. This is equivalent to an upward-shift in the quasi-
Fermi level with electric field. as a consequence, θ increa-
ses with electric field and the j(V) characteristics becomes 
steeper. In terms of present work, the distribution of charge 
traps describes those induced by spiropyrane to merocyanine 
photochromic conversion. The presence of distribution of 
traps opens additional pathways to the relaxation of charge 
carriers towards steeper states. a zero order analytic descrip-
tion of the effect can be based on the Hoesterey and Letson 
formalism. The latter is premised on the argument that the 
carrier mobility in a system with relative trap concentration c 

is the product of the mobility in the trap-free system μ0 mul-
tiplied by trapping factor:

where Et is the energy of trapping level, k is the Boltzmann 
constant and T is the temperature. Consequently, the current 
flowing in a sample with enhanced number of trap states will 
be less than in sample without traps. 

The surprisingly large increase of the photocurent after 
the photochromic conversion can be explained by the charge 
transfer mechanism and by the presence of polar merocya-
nine molecules. this phenomenon indicates that there is  
a high tendency for charge separation as well as good ability 
to retain charges once induced by electric field. However the 
elucidated the detailed mechanism of the photogeneration,  
a detailed studies of exciton generation, charge separation 
and following transport should be done.

Conclusions
The utilization of organic semiconductors in electronic 

and optical devices was described. The new molecular device 
based on photoswitching of polymer conductivity and photo-
conductivity was demonstrated. The experimental behavior 
of the system explored by means of SCLC method showed  

, (1)

, (2)

Fig. 1.	 the	current-voltage	characteristics	of	the	ito/PeDot/
mDmo-PPV	:	sP/Al	 (20	%	wt.)	 sample	 before	 (triangles)	
and	 after	 (circles)	 the	 photochromic	 conversion	 of	 spiropyran	
molecules	 by	 irradiation	 of	 UV	 ligh	 as	 measured	 in	 the	 dark	
(filled symbols) and by irradiation (open symbols)
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a change of the density of states in the bandgap of the poly-
mer. Reversible creation of new trapping level during the 
photochromic conversion was observed. according to the 
trap controlled hopping model for the description of charge 
transport, the presence of new trapping level results in the 
decrease of the charge carrier mobility as predicted by the 
theoretical calculations.

This work has been supported by Grant Agency of Aca-
demy of Science Czech republic by project A401770601 and 
by project No. 0021630501 from Ministry of Education, Youth 
and Sport.
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introduction
numerous different polymeric materials are from 

structural point of view macromolecular networks. Network-
like polymers can have various forms, such as gels, rubbers 
and glasses. Their properties depend on microscopic proper-
ties such as crosslink density, chemical composition. variabi-
lity of behaviors is caused by different theoretical principles 
influencing their properties. Deformation properties can be as 
a consequence either of intermolecular interactions or of the 
change of combinational entropy.

Macromolecular networks are known for a long time. 
First theories were proposed by Flory, Kuhn and Grun1, and 
James and Guth2. In the 70s as a consequence of the single 
chain elasticity model proposed by treloar3 

where E was Young modulus; N – number of segments of the 
chain; λ – draw ratio (elongation) of the chain and L–1 was the 
inverse Langevin function.

Since the development of this theory, have been many 
refinements and extensions, such as the model of 8 chains 
cell proposed by Arruda and Boyce4 which approaches to the 
real behavior of rubbery networks. The main results about 
rubbery networks were summarized on a large review work 
by Puso5. In the first work of Termonia6, was the single chain 
elasticity theory was successfully applied to the prediction 
of spider silk elasticity. However, the simple network is not 
realistic. Therefore the models should reflect real structure of 
the networks. 

Second principle of polymer loading is acting of inter-
molecular interactions7. the interactions can be either bon-
ding or nonbonding. During the deformation, the bonds 
and the nonbonding pairs are shifted from their equilibrium 
positions. the exact molecular theories were introduced by 
Lennard Jones potential. this is a model of potential where 
the atoms approaching each to other are subjected to strong 
repulsive interaction whereas the in the long distance are not 
interacting. The distance of such potential is a function of 
interatomic distance:

where ε is energy of nonbonding interaction and r12
0 is 

distance where the energy is zero.
Intermolecular interaction is mostly used in the molecu-

lar dynamics and molecular mechanics. these two tech-
niques are used to investigation of molecular theories. The 
molecular mechanics is to find the optimum atomic positions 
in the molecule. molecular dynamics is based on solution 
of Newton equations. It enables to describe effects hanging 
together with molecular motion such as effect of temperature 
and pressure. task of molecular dynamics simulation can be 
defined in the box with periodic boundary conditions. 

Position restrains are the functions that can fix the nod at 
one certain position.

experimental
The simulation consisted of three phases: (i) system 

building, (ii) simulations, and (iii) calculation of material 
properties.

B u i l d i n g  o f  R i g i d  N e t w o r k s
the material was considered a network composed of 

macromolecular chain. the chains were composed of atoms 
and atomic groups. The atomic groups were coupled toge-
ther according to their connectivity. Building of network 
was made by in-house builder. Input properties of the buil-
ders were crosslink density and the density of material. the 
results of the builder were coordinates of atoms and topology 
of groups. The material is represented by representative sam-
ple volume (RSV). The RSV was a cubic box.

d e f o r m a t i o n  o f  n e t w o r k
the cubic box was deformed and the position restrains 

were set to the model. the position restrains were introdu-
ced to topology and applied to boundary atoms. Two types of 
deformation were applied. tensile deformation was applied 
to one boundary in perpendicular direction to plane of box 
side. the shape in other axes was compressed. the second 
was shear deformation applied to the boundary atoms. It was 
applied in parallel direction to the boundary plane of cubic 
box. 

optimization of structure and calculation of potential 
energy was applied by GRoMaCS software. Input proper-
ties were coordinates of atomic groups and topologies of 
atoms. The result was a potential energy calculated for each 
deformed state. The potential energy density was considered 
a function of deformation tensor.

u = f(ε) (3)

C a l c u l a t i o n  o f  m a t e r i a l  P r o p e r t i e s
Important material properties are Young Modulus and 

Poisson ratio. The tensile curve was calculated as a gradient 
of equation (1).

, (1)

, (2)

 (4)
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material described here was isotropic; therefore, the 
deformation was performed only in one axis. The Young 
modulus was considered a derivative of the tensile curve.

Poisson ratio was calculated from shear modulus (µ) and 
tensile modulus.

r u b b e r y  n e t w o r k s
The polymer material was considered affine rubbery 

network. It was composed by tetra-functional affine nods and 
freely joined chains with both fixed ends. The deformation of 
single chain was calculated from Treloar equation. 

the input properties of the model were crosslink density 
and number of segments between two nods. The network was 
built and deformed. the result of the software was a tensile 
curve. Young modulus of rubbery network was calculated 
from tensile curve. Poisson ratio for rubbery network is from 
theory 0.5 as the networks are incompressible.

results
three types of macromolecular network of crosslink 

density were built. All the networks were composed of car-
bon or hydrocarbon groups and they differed in crosslink 
density. the set of materials was composed of one exam-
ple of sparse network (vulcanized rubber), one example of 
dense network (ebonite) and one example of the crystalline 
structure (diamond).

First was a rubbery network where the distances 
between crosslinks were too long. There was presumed rub-
bery behavior of network. Example of predictive power can 
be shown on example of vulcanized natural rubber. Network 
model was applied to the measured data from literature. the 
recipe of natural rubber contained 1.96 % sulfur8. theoretical 
crosslink density considering only the disulfide bridges was 
337 mol m–3. Tensile curve is shown in Fig. 1. The modulus 
was higher than measured modulus. The measured experi-
mentally crosslink density was 91 mol m–3. It can be caused 
by two reasons. First, not all the sulfur will participate on 
reaction. The disulfide bridge is only a model crosslink. In 
reality, the crosslinks are poly-sulfide bridges. 

In the ebonite, crosslink density was calculated from 
composition. The average fraction of sulfur in ebonite is 30 
weight percent. Considering that two atoms of sulfur form 
a tetrafuctional nods are connected by connected 6 freely 
joined segments. Taking density 1.3 g cm–3 we get 0.006 
crosslinks cm–3. That means 0.012 elastically active chains. 
The volume of nods was negligible. The chain with 6 seg-
ments cannot be considered a statistical chain. therefore the 
rubber elasticity of such network was not calculated. the 
potential as a function of deformation is shown in Fig. 2.

The tensile curve was calculated from the potential 
energy density of ebonite network. The stress strain charac-
teristics was calculated as a gradient of function of energy 
density. Function of stress on relative elongation is shown 
in Fig. 3.

All the stress-strain functions were applied to calcula-
tion of material properties. as the method was not sensitive to 
shear deformation, the poisson ratio could not be calculated. 
The Young modulus was calculated and compared to experi-
mental data in table I.

The vulcanized rubber properties are driven by entropic 
interaction whereas the ebonite and diamond were influenced 
by intermolecular interactions. 

In the rubbery material, the modulus calculated from the-
oretical crosslink density is higher than experimental modu-
lus. the modulus calculated from experimental crosslink 
density is lower than the experimental modulus. the model 
network even with experimental crosslink density is not yet 
realistic description of structure. It was negligible the volume 

 (5)

 (6)

Fig. 1.	 stress-strain	 function	 of	 model	 vulcanized	 rubber	
calculated	 from	 rubber	 elasticity	 theory	 solid	 line:	 calculated	
from experimental density; dashed calculated from theoretical 
crosslink	density

Fig. 2.	 Potential	 energy	 density	 calculated	 from	 molecular	
interactions.	A	function	of	tensile	and	shear	deformation
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of crosslinks, that will act as increase of Young modulus. 
Moreover, the model and material showed different elon-
gation at break. It shows that there could be some unstable 
crosslinks such as two macromolecular chains coupled with 
weak interaction. these nods can disappear and re-appear 
during the tabnsile test.

the calculated modulus of ebonite and diamond was 
lower than experimental. It can be caused by not exact 
structure of both models and non exact force fields. The ebo-
nite had model density 0.5 g mol–1 whereas the real density 
was 1.4 g mol–1. also the diamond had density 11 g mol–1 
whereas experimental density of diamond was 3.45 g mol–1.

Conclusions
macromolecular networks show different deformation 

behavior even if they have composition. It is caused by diffe-
rent principles of their deformation. Loading of materials can 
be caused by rubber elasticity or by intermolecular interac-
tions. 

The vulcanized rubber, ebonite and diamond are mate-
rial based on carbon structures. The vulcanized rubber is a 
sparse network, ebonite is a dense network and diamond is a 
regular lattice. Their deformation properties were calculated: 
vulcanized rubber from rubber elasticity theory, ebonite and 
diamond by molecular mechanics. The calculated values were 
lower than the experimental data. the densities were diffe-
rent form experimental densities of material. It is necessary 
to approach the structural properties to real structure of mate-
rials.

This work was supported by Ministry of Education under 
grant MSM 0021630501.
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introduction
Copolymers of poly(lactic acid), poly(glycolic acid) and 

poly(ethylene glycol) (PLGa-PeG) are presenting interesting 
features, such as biodegradability, no toxicity and thermal 
induced sol-gel transition, for their potential use in tissue 
engineering and controlled drug delivery1,2. the aqueous 
solution of the copolymer is free flowing sol at room tempe-
rature and becomes a non flowing gel at body temperature3. 

various architectures of PLGa copolymers with PeG 
were studied in the past few years and they have been also 
modified with different kinds of crosslinkers4. 

the goal of this work is to discover the possibilities 
of synthesis of PLGa-PeG copolymer and its modification 
with itaconic anhydride (ita) in order to prepare crosslin-
kable macromonomer for the use in tissue engineering and 
bone repair. ita is obtainable from natural resources and was 
recently used for functionalization of poly(ε-caprolactone)5.

experimental
r a w  m a t e r i a l s

Poly(ethylene glycol), (PeG, Mn = 1,500, aldrich, 
Germany), D,L-lactide and glycolide (DLLa, Ga, 99.9 %, 
Polysciences, u.s.a.), stannous 2-ethylhexanoate, (95 % 
aldrich, Germany), itaconic anhydride (ita, 97 %, aldrich, 
Germany). all chemicals were used as received.

s y n t h e s i s
the PLGa-PeG triblock copolymer (see Fig. 1.) was 

prepared via ring opening cationic polymerization of DLLa 
and Ga in a bulk using the PeG as initiator and stannous  
2-ethylhexanoate as catalyst under inert athmosphere. PLGa-
PeG product was modified by ita in the bulk under inert 
athmosphere.

C h a r a c t e r i z a t i o n
the molecular weight and the molecular weight distri-

bution (Pdi) was determined by gel permeation chromato-
graphy (GPC) using agilent technologies 1100 series GPC 
with ri detector at the temperature of 30 °c in tetrahydro-
furane mobile phase. 

the product structure was studied by means of Fourier 
transformed infra-red spectroscopy on nicolet impact 400D 
Ftir spectrometer using KBr pellets.

Proton nuclear magnetic resonance spectra (1Hnmr) 
analysis was performed on the Bruker 500 mHz nmr 
spectrometer, when 20 mg of copolymer sample were dissol-
ved in 1 ml of CDCl3.

thermal analyses (ta) of copolymer sample were 
made using ta instruments tGa Q500 machine for ther-
mogravimetric analysis (tGa), temp. ramp of 10 °c min–

1 from 40 °c to 600 °c under 25 ml min–1 nitrogen 
purge and also by means of ta instruments DsC Q200 
machine for differential scanning calorimetry (DsC), 
temp. ramp of 3 °c min–1 from –90 °c to 200 °c under  
50 ml min–1 nitrogen purge.

s o l - G e l  t r a n s i t i o n  a s s e s s m e n t
the sol-gel transition was determined by the test tube 

inverting method (ttim) in the temp. ramp from 24 °c to 
50 °c by the 1 °c 10 min–1 rate in a water bath. Samples of 
copolymers were dissolved in the vials in the concentration 
step of 2 % wt. from 2 % wt. to 24 % wt. the transition tem-
peratures were determined according to a flow (sol)/no flow 
(gel) criterion.

moreover, rheology was used for the sol-gel transition 
determination. Samples of copolymers were dissolved in the 
vials at the concentrations of 15, 20 and 25 % wt. and measu-
red by the ta instruments ar-G2 rheometer equipped with 
plate-plate geometry using 25 mm standard steel parallel 
plate and 1,000 μm gap. measurements were proceeded at the 
temp. ramp step tests of 0.5 °c min–1 rate from 15 to 60 °c 
under oscillation stress of 0.40 Pa and angular frequency 
of 1 rad s–1.

results
P o l y m e r  C h a r a c t e r i z a t i o n

the GPC analyses of PLGa-PeG (Mn = 4 861; 
Mw = 6 392; Pdi = 1.32) and PLGa-PeG/ita (Mn = 4 989; 
Mw = 6 663; Pdi = 1.34) showed very similar values of Mn 
and PDi before and after the functionalization by ita indica-
ting no side reactions within functionalization process.
the 1H nmr spectroscopy proved the incorporation of itaco-
nic acid to the end of polymer through the characteristic peaks 
of lactic acid (o – (Ch3)cHo) protons (δ = 1.5–1.75 ppm) 
and (o – (Ch3)Cho) protons (δ = 5.1–5.35 ppm), glycolic 
acid (oCh2o) protons (δ = 4.6–4.95 ppm), backbone PeG 
(oCh2Ch2o) protons (δ = 3.55–3.8 ppm) and itaconic acid 
double bond (oC(Ch2)CCh2cooH) protons (δ = 5.7–
5.8 ppm and δ = 6.35–6.5 ppm).

fig. 1.	 PlGa-PeG-PlGa/ita	macromonomer	structure
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s t r u c t u r e  a n a l y s i s
Ftir spectroscopy analysis showed characteristic ester, 

c = o, acidic and alkyl bands. the spectra are presented on 
fig. 2. 

t h e r m a l  a n a l y s i s
thermal degradation of copolymers proceeds in two 

steps, the first is ascribed to PLGa blocks, the second to PeG 

chain, as it is described in the literature6. indistinctive degra-
dation step around 110 °c by the PLGa-PeG/ita copolymer 
can be assigned to the ita groups. ita itself tends to degrade 
from 90–110 °c which has a conclusion for further modifica-
tion conditions. the thermograms are shown in Fig. 3.

dSc analysis showed a broad glass transition peak in 
temperatures from –65 °c to 0 °c with inflexes at –14.9 °c and  
–23.9 °c for PLGa-PeG and PLGa-PeG/ita copolymers, 
respectively.

s o l - G e l  t r a n s i t i o n
rheology showed two storage modulus (G’) peaks and  

tan δ valleys for PLGa-PeG copolymer sol, which are assi-
gned to amber and white gel respectively, but one G’ peak 
and tan δ valley for PLGa-PeG/ita copolymer. Both ttim 
and rheological analysis proved the uprise of amber gel state 
of both the copolymer sols in concentrations higher than 
15 % wt. and temperatures from 35 °c to 45 °c. in higher 
temperatures, the gels turn white and then separate to sus-
pension. the ttiM phase diagram and rheology charts are 
shown on Fig. 4 and Fig. 5.

conclusions
PLGa-PeG copolymer and PLGa-PeG/ita macromo-

nomer were synthesized successfully and characterized via 
Ftir, GPc and 1Hnmr. the molecular weight of both pro-
ducts is similar. the presence of ita in the polymer chain 
caused decrese in temperature stability, glass transition tem-
perature and critical gel temperature. storage moduli of gels 
increase with concentration. ttim results correspond with 
those obtained by rheology. Both gels exhibit suitable mecha-
nical properties at the concentrations of 15 % wt. and higher 
for biomedical applications (bone adhesives).

This work has been supported by Ministry of Education, 
Youth and Sports of the Czech Republic under the research 
project MSM0021630501.

fig. 2.	 ftir	spectra	of	copolymers

fig. 3.	 tGa	curves	of	copolymers,	PeG	and	ita

fig. 4.	 sol-gel	phase	diagram	obtained	by	ttim fig. 5.	 rheology	analysis	of	20	%	wt.	copolymer	sols
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introduction
fibers in high performance composite materials are 

very expensive. for this reason is suitable to interesting 
about recycling waste products from fabrication of compo-
sites and composite parts after its lifetime. We made some 
experiments to obtain reinforcing carbon fibers from waste 
products and we evaluated properties of this recycled fibers. 
these fibers can be suitable for next exploitation. in contri-
bution we demonstrate products of recycling and its proper-
ties. in aeronautical research and test institute, Prague are 
developed experimental test system for fibrous thermosetting 
composite breakdown. this system was designed and reali-
zed during 2006 in cooperation with the company elektrické 
pece Svoboda, Světice near of říčany. the base of the system 
consists of a thermal reactor, where under conditions of high 
temperatures and normal or inert atmosphere, decomposition 
of composite takes place. the results of process are remai-
ning fibrous or other reinforcement and gasified components 
of matrix, which are conducted into cooling and filtration 
parts. these parts enable to obtain additional components 
from material breakdown, depending on the type of material 
and processing technology. the whole system is fully pro-
grammable and variably adjustable as to temperature or inert 
media flow. Several restrictors, suck-in valves and flaps can 
also control the movement of gaseous products. the system 
also allows for monitoring of many parameters of the pro-
cess, in particular the temperature inside of furnace inside 
of charge, temperature at cooler and filter unit outlets. Fur-
thermore the mass decrement of the material processed and, 
gaseous products of breakdown are monitored, especially o2, 
Co, Co2, h2, no, no2, so2 or CXhy contents. of course, 
it is possible to transmit measured values to PC for further 
analyses1.

experimental
on the Department of textile materials, faculty of 

textile engineering and Department of chemistry, faculty 
of education, technical university of Liberec are develop 
testing methods for evaluating of recycled high performance 
fibers. We made analysis by the optical, gravimetric and Sem 
method; we realized tests of strength and wetting characteris-
tics of these fibers.

results
fibers at standard temperature of recycling are much 

damaged. the standard temperature is temperature optimized 

for perfect decomposition of epoxy resin in composite. ends 
of fibers are etched after oxidative treatment of air oxygen. in 
probe are much released microfibrils. damaging after treat-
ment on temperature below 50 °c on air is also obvious. Some 
ends of fibers appear as hollow fibers. on the surface are etch 
pits and released microfibrils. Surface of fibers after recyc-
ling at standard temperature minus 100 °c on air have only 
very small damaging. the bright speckles are rests from weft 
glass fibers. carbon fiber after recycling at standard tempera-
ture minus 100 °c in nitrogen is smooth without remarkable 

table i
results of optical analysis recycled carbon fibers

 Fiber/Process environ diameter [μm] Yield[%]
 standard air 5.06 36
 standard –50 °c air 5.55 43.7
 standard –100 °c air 7.07 70.3
 standard –100 °c n2 8.26 96
 virgin  8.43 –

table ii
results of gravimetric analysis recycled carbon fibers

 Fiber/Process environ diameter [μm] Yield[%]
 standard air 4.94 42.7
 standard –50 °c air 6.39 71.4
 standard –100 °c air 7.38 94.5
 standard –100 °c n2 7.43 95.6
 virgin  7.71 –

table iii
results of mechanical tests of recycled carbon fibers

 Fiber/process elongation tensile strength Modulus
  [%] [mPa] [GPa]
 st. – air 1.41 820 83
 st. –50 °c – air 1.52 1,122 104
 st. –100 °c – air 1.89 1,496 102
 st. –100 °c – n2 2.04 1,731 105
 virgin 1.53 990 91

fig. 1.  SEM image of the most damaged fiber end
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damaging. on the surface of virgin fibers are fine striation 
advanced with structure of polyacrylonitrile precursor.

conclusions
in this time we are trying to another way of recycling of 

carbon composites. We study surface properties of recycled 
fibers and hazard factors of carbon fiber dust. We searching 
possibilities of utilization of recycled carbon fibers no only 
for termoplastioc composites, but also for special purpose 
for example electric conductive paper and so on. We assume 
that recycling of composites will be in next time very signi-
ficant.2–6

This work has been supported by Aerospace Research 
Center 1M0501 and Textile Research Center 1M0553 of 
Czech Ministry of Education. 
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fig. 2.  SEM image of typical carbon fiber recycled at standard 
temerature

fig. 3.  SEM image of hollow carbon fibers after recycling

fig. 4.  SEM image recycled carbon fibers at standard tempe-
rature	minus	100	°c

fig. 5.  SEM image of vigin carbon fiber end
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introduction
syndiotactic polystyrene (s-Ps) is an interesting mate-

rial with a high melting point of 275 °c and a fast crystalli-
zation rate as compared with isotactic polymer. its interesting 
properties which are similar to those of some more expensive 
engineering plastics are the reason for further scientific inte-
rest1,2. in our previous work we reported the catalytic beha-
viour of novel half-sandwich titanium complexes in syndi-
otactic styrene polymerisation (see in fig. 1). the variation 
of halosilyl substitutent on cyclopentadienyl ligand affected 
both the catalytic activity and the properties of s-Ps3.

in this contribution a series of polymerisation runs was 
carried out in a time scale of 20–120 min in order to compare 
the activity dependence of examined complexes on reaction 
time and thus to better evaluate their polymerisation beha-
viour.

experimental
all manipulations of air- and moisture-sensitive mate-

rials were carried out under nitrogen atmosphere, using 
either a dual vacuum/nitrogen line and standard Schlenk 
techniques or a high vacuum line. Methylaluminoxane 
(mao) was purchased from crompton GmbH (10 % wt. 
in toluene). toluene (Lachema) was freshly distilled from 
sodium benzophenone ketyl prior to use. Styrene (aldrich) 
was dried over calcium hydride and freshly distilled under 
vacuum prior to use. investigated complexes and refe-
rence compounds CptiCl3, Cp*tiCl3, [Si(cH3)2Fcp]ticl3 

(F1), [Si(cH3)f2cp]ticl3 (F2), [Si(cH3)2clcp]ticl3 (C1), 
[Si(cH3)Cl2cp]ticl3 (c2) were prepared according to the 
known procedure.

P o l y m e r i s a t i o n  a n d  P o l y m e r 
C h a r a c t e r i s a t i o n

Styrene polymerisations were carried out in a magne-
tically stirred (600 rpm min–1) glass double-jacket reactor 
(100 ml) under nitrogen atmosphere. the reactor was suc-
cessively charged by toluene (30 ml), styrene (0.0156 mol, 
1.8 ml) and mao. the mao/ti ratio of 800 was used for all 
polymerisation runs. afterwards the rector was thermostated 
at 50 °c and titanium complex in toluene (9 × 10–6 mol) was 
injected to initiate the polymerisation. after selected period 
of time (20–120 min) the reaction was quenched by adding 
10 ml of sec-butyl alcohol. the resulting mixture was poured 
into acidic methanol (500 ml). the polymer was collected 
by filtration and dried under vacuo to constant weight. the 
reproducibility of obtained polymer yields was estimated to 
be ± 10 %. representative PS samples were extracted with 
boiling methyl ethyl ketone for 6 h to remove any atactic 
material. the syndiotactic polymer was determined as the 
amount of material insoluble in methyl ethyl ketone. 

13c nmr spectra were recorded on a 500 mHz Bruker 
avance spectrometer operating at 125 Mhz. the pulse angle 
was 83 °, pulse interval 20 s, decoupling Waltz 16. melting 
points were measured with a Perkin-elmer dSc–7.

results
the catalytic behaviour of four titanium complexes with 

varying halosilyl substituent on Cp ligand and Mao for syn-
diospecific styrene polymerisation was investigated. Polyme-
risations were performed in toluene at 50 °c in the range of 
polymerisation time of 20–120 min. 

the catalytic efficiency of complexes was evaluated 
according to the polymerisation activity, which is defined as 
a yield of Ps per mol of titanium and per 1 h of polymerisa-
tion (see in Fig. 2). the activity of all studied complexes was 
dependent on the polymerisation time. a maximum activity 
was reached after a short induction period of about 20 min 
whereafter the activity decreased. the decrease could be 
attributed to the deactivation of the active species or to the 
occlusion of part of the catalyst in the precipitating polysty-
rene. 

the average catalytic acitivity decreased in the order 
f1 > f2 > C1 > C2. such decrease of activities may result from 
an increase of steric bulk of halosilyl substituent hindering 
the monomer coordination to active species. the highest 
activity was 207 kgPS molti

–1 h–1 using [Si(cH3)2Fcp]ticl3 
(F1)/mao catalytic system.

Further the polymerisations catalyzed by well known 
complexes CptiCl3 and Cp*tiCl3 (Cp* = C5Me5) and Mao 
were carried out under identical experimental conditions. 
Complex CptiCl3 in combination with mao reached maxi-
mum polymerisation activity of 91 kgPS molti

–1 h–1. How-
ever, the complex with cp* ligand, which is a stronger electron 

fig. 1.	 half-sadwich	 titanium	precursors	 for	 styrene	polyme-
risations



Chem. Listy, 102, s265–s1311 (2008) Polymers & Polymer Composites

s1244

donor and exerts a greater sterical hindrance, possessed a 
slightly lower maximum activity of 86 kgPS molti

–1 h–1 at the 
same polymerisation conditions. in all cases halosilyl-substi-
tuted titanium complexes were more active than the reference 
CptiCl3 and Cp*tiCl3 compounds.

Polystyrenes prepared by examined substituted half-san-
dwich titanium complexes and mao exhibited melting points 

in the range of 264–266 °c. melting point of PS obtained by 
CptiCl3/mao system was lower approximately by 10 °c. 
the percentages of fractions insoluble in boiling methyl ethyl 
ketone were in the range of 92–99.9 %. the syndiotacticity 
of PSs was not possible to be evaluated by means of 13c nmr 
namely because of the insolubility of highly syndiotactic 
fractions obtained after extraction procedure.

conclusions
the introduction of halosilyl substituent onto Cp ligand 

of half-sandwich titanium complex affected both the catalytic 
activity and syndiotacticity of product. the catalytic acitivity 
on average decreased in the order f1 > f2 > C1 > C2. 

This work has been supported by Project 
MSM0021630501.
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introduction
 cucurbit[n]urils (cB[n], n = 5–10), a remarkably robust 

macrocyclic host molecule, have gained much attention  
in the new millennium for their exceptional molecular reco-
gnition ability. the pumpkin-shaped molecule has a hydro-
phobic cavity and two identical carbonyl-laced portals. While 
the hydrophobic interior provides a potential inclusion site 
for nonpolar molecules, the polar ureido carbonyl groups at 
the portals allow cB[6] to bind ions and molecules through 
charge-dipole and hydrogen bonding interactions. the unique 
structure and recognition properties make cB[n] attractive 
not only as a synthetic receptor but also as a building block 
for the construction of supramolecular architectures. Compa-
red to the chemistry of cyclodextrins and calixarenes, how-
ever, that of cB[n] has developed slowly until recently, which 
may be attributed mainly to their poor solubility in common 
solvents and inability to functionalize these molecules. our 
research is aimed to the synthesis, characterization, purifica-
tion and separation of new functionalized cB[n].

experimental
Generally modified cB[n] was synthesised from an acid-

catalyzed condensation reaction of glycoluril or substituted 
glycoluril and formaldehyde (paraformaldehyde) or mixture 
of aldehydes. 

the indirect method of functionalization of cB[n] invol-
ves acid-catalyzed self-assembly of an equimolar mixture of 
unsubstituted glycoluril (a) with two different aldehydes (B 
and c), the results of which would give cB[n] functionalized 
at the methylene bridges of cB[n] (Scheme 1).

P u r i f i c a t i o n
isolation of mono-functionalized cB[6] from the crude 

mixture was a very tedious and time consuming job which 
took most of our research time. the primary purification was 
based on the preferential solubility or stepwise precipitation 
of variously substituted and unsubstituted cB[n] as well as 

other glycoluril oligomers. Water, methanol, acetone and 
2-propanol were used to precipitate solids from the crude 
mixture. maLdi-toF mS was used to determine molecular 
weight distributions of all collected fractions and the results 
were compared to select the most relatively pure fraction 
for further purification treatment. it was found that for some 
specifically substituted cB[n] 0.1m naoH can selectively 
extract monosubstituted and unsubstituted cB[6] from di- 
and tri-substituted cB[6] and other minor components. dilute 
aqueous Hcl (for example 7 % or 21 %) solution was also 
used in the combination with the basic medium. component 
enriched with the monosubstituted cB[6], was subjected fur-
ther purification on the strong acid cation exchange resin. as 
a solvent system mixture of Hcl and HcooH was used and 
numerous fractions were collected and analyzed by 1H-nmr. 
Please note that in no case completely pure monosubstituted 
cB[6] was obtained although maLdi spectrum in some case 
showed a single molecular ion peak for the corresponding 
component. this might be rationalized due to lack of opti-
mization of chromatographic conditions such appropriate 
composition of mobile phase and right length of stationary 
bed. as stationary phase, we used doWeX50WX8(mesh no. 
100–200) in one case and doWeX50WX2(mesh no 200–
400, p.a) in other case.

C h a r a c t e r i z a t i o n
the purified sample was analyzed by 1h and 13c-nmr 

spectra using Bruker avance 300 mHz and 75 mHz 
spectrometer respectively and molecular weight distribution 
was obtained on a maLdi-toF mass spectrometer reflex 
iv, Bruker daltonics.

1H-nmr spectrum shows three typical cB[6] peaks: 
two doublets at δ 5.34–5.39 ppm, 5.81–5.86 ppm and a sing-
let at 5.63 ppm. Besides these signals, there is one more sin-
glet of methyl group at δ 1.43 ppm. it should be mentioned 
here that from 1H-nmr spectra we can hardly confirm about 
the composition of the substance after final purification step. 

scheme 1 fig. 1.	 1h	nmr	spectrum	(300	mhz,	d2o)
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13c nmr aPt spectrum shows two c = o peaks at δ 156.66, 
and 157.49 ppm, one of which nicely indicates the formation 

of a second type of cB[6], that is, monomethylated cB[6]. 
the peak at δ 53.60 ppm indicates -cH3 substitution at the 
methylene bridge position.

maLdi-toF mS spectrum shows that the purified sam-
ple contains mixture of monosubstituted cB[6] (m/z 1,127.5 
as complexed with hexamethylenediamine (Hmda) as well 
as unsubstituted cB[6] (m/z 1,113.5 as complexed with 
Hmda) as major product. Hmda was used to improve the 
sample solubility.

conclusion	and	Perspectives
though the parent molecule cB[6] is a century old, the 

chemistry of the cB family seems beginning to blossom. the 
recent developments, including the synthesis of cB homo-
logues and derivatives, have brought dynamism to cB che-
mistry, as witnessed from the increasing interest in various 
interdisciplinary application fields such as artificial ion chan-
nels, vesicles, stationary phases in chromatography, ises, 
polymers, nanomaterials, and many others for the last several 
years. in this poster we have demonstrated a new one pot 
synthetic method for the preparation of new functionalized 
cB[n] derivatives. as the yield and purity of compound is 
not yet satisfactory more time is still required to optimize the 
purification method.

The authors are grateful to the Grant Agency of the Czech 
Republic for providing financial support (grant 203/07/P382) 
for this research work.
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introduction
thermochromic behaviour means a reversible colour 

change with temperature change and it has been observed for 
a variety of compounds with temperature variation1. a more 
precise definition has been given by day: “thermochromism 
is defined operationally as an easily noticeable reversible 
colour change in the temperature range limited by the boi-
ling point of each liquid, the boiling point of the solvent in 
the case of solution or the melting point for solids”2. While 
day’s definition is applicable for majority of inorganic and 
organic substances, we can use the term thermochromic also 
in important technical fields, which demands another exter-
nal impulse together with temperature of the observed colour 
change (e.g. thermochromic pigments).

thermochromic dispersions are manufactured for use 
in aqueous ink and coating systems, but can be applied in 
dried encapsulated form also into polymeric materials such 
as polyolefines. as the temperature rises, they change from 
coloured form to colourless one. they get back their coloured 
state when the temperature is decreased again. colour change 
induced by thermochromism occurs when certain tempera-
ture of thermochromic transition is reached. this transition 
temperature varies for different thermochromic compounds. 
colour change is usually slow process; hence it can appear 
to occur in some temperature range.there can be observed  
a kind of thermal hysteresis, which means that the tem-
perature needed to regain its former colour is significantly 
less than the temperature needed to obtain required colour 
change3.

there are two components in thermochromic dispersion 
systems: a solvent and a colorant. if the temperature is below 
the melting point of the solvent, these two parts stick together 
and the system is coloured because of the electron interacti-

ons. But if we increase the temperature of the system and this 
temperature reaches the melting point of the solvent, these 
two parts separate resulting in decolorization of the system 
(see fig. 1.).

experimental
experimental part is based on the usage of the ther-

mochromic granules of thermchrom BG, vB, oY contai-
ning about 20 % of thermochromic compounnd in polypro-
pylene matrix. temperatures used in the polymer processing 
could be relatively high (from 200 to 260 °c) so it was essen-
tial to find out how the thermochromic compounds respond 
to exposure to temperatures. 

D e t e r m i n a t i o n  o f  t h e r m o c h r o m i c 
t r a n s i t i o n  t e m p e r a t u r e

Determination of thermochromic transition temperature 
(ttt) needed to be stated for further processing with the 
thermochromic compounds. sample of thermochromic mate-
rial was fixed to the tip of the thermocouple. thermocouple 
with the granule of pigment was placed into the beaker with 
distilled water. magnetic stirrer was set to warm up distilled 
water to 37 °c. colour of the thermochromic granule was 
observed using Gretag macbeth SpectroScan. Process was 
repeated five times for each type of thermochromic pigment 
and average ttt value was calculated.

D e t e r m i n a t i o n  o f  t h e  t h e r m a l 
C o l o r  s t a b i l i t y  o f  t h e r m o c h r o m i c 
C o m p o u n d

First tests of thermal stability of color transition were 
done in drying oven venticell, Bmt, a.s. (200 °c, 230 °c 
and 260 °c) as method 1. tests served as preliminary ones 
because the ovens did not have the exact control of tempe-
rature. deviation was ± 10 °c. one pellet of each sample of 
thermochromic material was heated at apropriate temperature 
for 5 minutes and pellet was left in the opened and turned-off 
drying oven to cool down slowly to the room temperature. 
there was a necessity of tempering the oven before placing 
samples in it, the tempering period was 20 minutes.

other tests (by method 2) were done using hot-air pistol 
steinel hL2305LCD and a thermocouple for determination 
of the exact temperature of test. Hot-air pistol was placed 
on a stand by holders and under the pistol there was a basin 
made of tinfoil. Hot-air pistol was turned on and the tempe-
rature nearby tinfoil basin was measured by thermocouple. 
When the temperature reached desired value (either 260 °c, 
280 °c), a granule of thermochromic material was placed 
into the basin. Pellets were placed into the basin separately 
(unlike heating in an oven) and were heated for 5 minutes. 

results
D e t e r m i n a t i o n  o f  t h e r m o c h r o m i c 
t r a n s i t i o n  t e m p e r a t u r e

Samples were heated to pre-set temperature (37 °c) and 
they were observed during the whole process of heating. tem-

fig. 1.	 Principle	of	colour	change	in	thermochromic	dispersions	
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perature was written down when the colour of the samples 
began to change.the colours of the samples returned to the 
initial ones after cooling samples down to room temperature. 
We can state that the thermochromic transition is reversible 
for these types of thermochromic compounds after testing at 
given temperatures.

table i. shows the temperatures of thermochromic tran-
sition of samples used. the lowest ttt was measured for the 
sample vB and it was 29.6 °c, almost the same ttt was 
measured for sample GB –29.8 °c. the highest measured 
ttt was 30.6 °c of the sample oY.

D e t e r m i n a t i o n  o f  t h e  t h e r m a l 
C o l o r  s t a b i l i t y  o f  t h e r m o c h r o m i c 
C o m p o u n d

Samples were heated to 37 °c and sample colour was 
observed during the whole process of heating. temperature 
was noted when the colour of the thermochromic material 
changed.

table ii shows the measured temperatures of ther-
mochromic transitions for all three samples tested after the 
thermal conditioning. there is only slight difference between 

those temperatures for each sample at given temperature. for 
example ttt of sample BG varies only by 0.3 °c and this 
difference can be caused by measurement deviation. Gene-
raly were ttts slowly decreased after melting of samples. 
after materials cooling down they all got into their beginning 
colours. thermochromism was not lost by exposing ther-
mochromic granules to the temperatures up to 260 °c.

temperature of thermochromic transition has decreased 
by approximately 1.5 °c for the sample BG and 2 °c for the 
sample oY when heating up. the changes in ttt were al-
most the same no matter if we heated it to 200, 230, 260 or 
280 °c.

Measured temperature of thermochromic transition 
for vB has not almost changed. the difference between 
all done measurements is 0.8 °c which can be neglected 
having in mind that the observation was only visual and on 
that account subjective. the fault of the measuring ttt of 
vB is also because the change in colour from violet to blue 
was not as obvious as when measurements were done with 
BG and oY.

table i
temperatures of thermochromic transition of thermochromic 
compounds

 thermChrom
 Measurement BG vB oY
 number
 1 29.5 29.6 30.4
 2 29.8 29.7 30.6
 3 29.9 29.8 30.6
 4 29.9 29.4 30.8
 5 29.9 29.6 30.7
 average ttt 29.8 29.6 30.6

table ii
temperatures of thermochromic transition of thermochromic compounds after the test of thermal stability at 200 °c, 230 °c 
and 260 °c (by method 1) and 260 °c, 280 °c (by method 2)

 therm Measurement Method 1 Method 2
 Chrom number tested at 200 °c tested at 230 °c tested at 260 °c tested at 260 °c tested at 280 °c
   ttt [°c] ttt [°c] ttt [°c] ttt [°c] ttt [°c]
  1 28.3 28.5 28.5 28.4 28.5
 BG 2 28.4 28.5 28.6 28.4 28.7
  3 28.3 28.7 28.6 28.6 28.4
  Ø 28.3 28.6 28.6 28.5 28.5
  1 29.5 29.0 29.9 29.5 –
 vB 2 29.4 29.4 30.0 29.7 –
  3 29.4 29.1 30.1 29.8 –
  Ø 29.4 29.2 30.0 29.7 –
  1 28.5 28.3 28.5 28.3 28.6
 oy 2 28.3 28.4 28.6 28.3 28.7
  3 28.4 28.5 28.5 28.4 28.2
  Ø 28.4 28.4 28.5 28.3 28.5

fig. 2.	 comparison	of	ttt	before	and	after	 the	thermochro-
mic	material	tests	of	thermal	stability
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conclusions
Preliminary tests were done with samples to see how 

they behave at increased temperature. all of them exhibited 
thermochromic colour transition at approximately 30 °c. 
another set of tests was done to find out the ceiling tempe-
rature they can be exposed to. these tests of thermal stabi-
lity were important because thermochromic compounds were 
intended to manufacture by processes where temperatures 
reach 260 °c. it was found out that thermchrom BG and oY 
stand the temperatures up to 280 °c whereas thermchrom 
vB is suitable for using at 260 °c at most. tests of thermal 
stability proved the thermochromic compounds are suitable 
for processing without substantiall ttt change by all com-
mon technology for plastics materials.

This work has been supported by grant Czech Ministry 
of Education MSM 0021630501.
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introduction
nowadays, after more than 15 years of academic and 

industrial research worldwide, the class of organic materials, 
conjugated polymers has reached a very high level of out-
standing material properties and the potential for different 
industrial applications is now emerging. various polymers 
are used in organic light-emitting diodes (oLed) and flat 
organic displays equipped with organic field-effect transis-
tors, some other expect applications including optical sensors 
are very close to industrial applications. Printing technology 
is currently enabling the production of these high-efficiency 
organic devices. Given the need for very low-cost circuits for 
everything from smart cards carrying personal information, 
to building entry cards, to inventory control, it is reasonable 
to assume that within 10 years, the square footage of organic 
circuitry might exceed that of silicon electronics, though one 
expects that silicon transistors would still vastly outnumber 
and outperform those fabricated from organic materials1.

experimental
Polymer devices were manufactured as a sandwich cell 

with a dielectric layer of mdmo-PPv (Poly[2-methoxy-5-
(3’,7’-dimethyloctyloxy)-1,4-phenylenevinylene]) contai-
ning 0–30 % wt. of admixed spiropyrane (6-nitro-1’,3’,3’,-
trimethylspiro[2H-1-benzopyran-2,2’-indoline]). the device 
and material structure is depicted in fig. 1. the active poly-
mer layer was spin coated from chloroform solutions on 
transparent indium tin oxide (ito) electrode covering part 
of the glass substrate. the thickness of the active layer was 
about 150 nm. the structure was completed by evaporation 
of aluminium top electrode. average electrode area that deli-
mitate the active area of the device was 3 mm2. the same 

solutions of active materials were spin cast on quartz sub-
strates for optical measurements. the photochromic reaction 
of spiropyrane was activated using a Xenon lamp with blue 
filter transmitting uv light 340 nm. optical switching was 
studied using standard absorption and photoluminescence 
spectroscopy (PL) with excitation at 450 nm. the electric 
response was studied by measuring the current-voltage j(V) 
characteristics of the samples in the dark with Keithley 6517a 
electrometer. the measurements were performed in vacuum 
cryostat at room temperature.

results
o p t i c a l  S w i t c h n i n g

under irradiation of an appropriate light energy, the 
spiropyran exhibits photochromism as shown in Fig. 2 and 
fig.3. the photochromic reaction is accompanied by a charge 
redistribution resulting in a significant increase of the dipole 
moment of the molecule. the studied spiropyran (sP) is stable 
in its colourless closed ring isomeric form, while uv irradi-
ation produces a metastable open ring isomer merocyanine 
(MC) absorbing at 550–600 nm. the maximum of absorption 
band of MDMo-PPv is situated at 450 nm, the addition of 
sP increases the absorption of the sample in the uv region 
as shown in Fig.3. after irradiation with uv light the spectra 
exhibit a significant absorption band at 590 nm caused by the 
colored merocyanine form. annealing in dark or irradiation 
with a red light gradually restores the original spectrum, the 
change is fully reversible. 

a strong photoluminescence (PL) quenching after the 
photochromic conversion caused by radiative energy transfer 
was observed as figured in Fig. 4. the stable form of spiro-
pyran does not show any luminescence contrary to its mc 
form. mdmo-PPv show their own luminescence and cre-
ation of MC form via the photochromic reaction therefore 
could result in the photoluminiscence bands decrease of the 
mdmo-PPv. However, mc possesses a high dipole moment 
which generally causes a quenching of luminescence. the 
quenching was found to be strong even in the case when the 
SP → mc conversion was very weak, even not observable 
in absorption spectra. furthermore the PL of MC could be 
triggered through the polymer excitation. this means that 
the energy absorbed by polymer (donor) is transferred to MC 
molecules (acceptor). according to the forster-Dexter the-
ory the dipole-dipole energy transfer probability is, among 
other, related to the overlap of donor emission and acceptor 
absorption. after the reverse (mc → SP) reaction was com-

fig. 1.	 schematic	structure	the	devices	used	for	characteriza-
tion

fig. 2.	 Photochromic	 reaction	 of	 the	 spiropyran	 (sP)	 into	
(photo)merocyanine	(mc)	manifests	itself	as	color	change	of	the	
system
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pleted, the polymer PL was recovered, the reversibility of the 
process was, however, influenced by photodegradation of the 
polymer matrix.

C u r r e n t - v o l t a g e  M e a s u r e m e n t s
the photoswitching of charge carrier mobility was 

studied by standard current-voltage j(V) measurement. the 
results for typical devices are shown as log-log plot in Fig. 5. 
the curent-voltage characteristics show a typical decrease of 
the current after the excitation of photochromic spiroparane. 
these prove that the presence of created polar MC molecules 

in the vicinity of a polymer chain modifies the distribution of 
on chain site energies. thus the ditribution of hopping trans-
port states is broadened and charge carrier mobility decrea-
ses which lead to to the current decrease. these findings are 
in good agrement with our previous theoretical studies by 
means of quantum-chemistry calculations2. 

conclusions
the experimental behaviour of the system explored by 

means of current-voltage characterization showed a signifi-
cant decrease of the current thorough the sample after irradi-
ation.

This work was supported by project KAN401770651 
from The Academy of Sciences of the Czech Republic and by 
project No. 0021630501 from Ministry of Education, Youth 
and Sport.
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fig. 3.	 the	dotted	line	shows	the	uv-vis	absorbance	spectrum	
of	 mdmo-PPv	 polymeric	 matrix.	 full	 line	 represents	 the	
absorbance	spectrum	of	mdmo-PPv:sP	mixture.	the	spectrum	
after	the	photochromic	conversion	(dashed	line)	shows	distinct	
appearance	 of	 a	 band	 peaking	 at	 590	nm.	 the	 inset	 show	 the	
chemical	formula	of	mdmo-PPv	unit

fig. 4.	 Photoluminiscence	 quenching	 after	 the	 photochro-
mic	 conversion	 is	 liquid	 state.	after	 photochromic	 covnersion	
(dashed	line)	is	the	photoluminiscence	decrease	apparent

fig. 5.	 current-voltage	characteristics	of	 the	20%	mixture	of	
the	mdmo-PPv:sP	measured	in	dark
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introduction
dcSBd plasma sources proved their potential for sur-

face treatment of wide spectrum of polymer materials1,2. the 
treatment of wood with atmospheric-pressure plasma offers 
at least three advantages: expensive vacuum equipment is not 
required, continuous in-line processing can be realised and 
processing times are short3.

Surface treatment of wooden materials by atmospheric 
coplanar barier plasma discharge can improve homogenity of 
wood surface, which has mostly unequal structure. unequa-
lity comes from the fact, that wood surface contains spots 
with different affinity to water (hydrophobicity and hydro-
phylicity).

changes of wood surface pH and composition of water 
extract influence the adhesion of urea-formaldehyde resins4. 
therefore the study of plasma treatment effect for surface ph 
can contribute to the improvement of coating technology.

experimental
Wood surface was treated by atmospheric plasma gene-

rated by diffuse coplanar surface barrier discharge (dcSBd) 
in air atmosphere. the plasma exposure time of wood surface 
was 5 s.

p h  M e a s u r e m e n t
determination of surface pH of three wood species 

was performed according to standards (Stn iSo 50 0374 
and tappi t 529 om-88). measurement was carried out with 
electrode with flat head Sentek P17/Bnc conected with Jen-
way 3510 pH-meter. clean (dustless) wooden surface was 
air-conditioned for 24 hours at 23.5 °c and at 48.65 % of 
humidity prior the measurement. Wooden surface was during 
the plasma treatment in direct contact with plasma electrode 
surface (0 mm).

a c i d - B a s e  t i t r a t i o n
cold water extracts (5 ml) of three wood species (Picea 

excelsa L., Fagus silvatica L., Quercus robur L.) were prepa-
red. cold extract was acquired from area of 3.037 cm2 with 
the assistance of extraction cell attached on the wood sam-
ple. extraction was done at constant conditions. thickness of 
extracted surface layer can be different. extraction time was 
3 minutes (the same as the measurement of surface ph). 

cold water extract was titrated with 0.01m solution of 
sodium hydroxide on phenolphthalein indicator. amount of 
acid components was determined from sample surface tre-
ated in distance 0 mm, 0.39 mm, 0.65 mm up to 1.04 mm 
from plasma electrode.

i s o t a c h o p h o r e t i c  D e t e r m i n a t i o n
extraction time of cold water extract was 60 minutes. 

Wooden surface was in direct contact on plasma electrode 
surface (0 mm). 

electrophoretic analyser type ea 100 (villa, SK) was 
applied for electrophoretic determination of carboxylic acids, 
which is given for capillary isotachophoresis (itP). Stan-
dards of formic acid, acetic acid, propionic acid and butyric 
acid were used for determination. 

Composition of electrolytes: 5 mol m–3 Mes (Morpho-
lineethanesulphonate) + his (histidine buffer), 10 mol m–3 
hisCl (histidine chloride buffer) + 10 mol m–3 his + 0.1% 
MheC (Methylhydroxyethylcellulose), ph = 6.

results
from table i is evident that by plasma treatment the 

increase of acidity was detected at all wood species. it was 
evinced from decrease of ph value about 2 units in case of 
spruce and beech and 1 unit in the case of oak. 

values of surface pH were stabilized faster in case of 
plasma treated samples than untreated samples. value of ph 
was stabilized slowlier in case of untreated samples because 
gradual release of acid components from wooden surface. 
Wood surface treatment caused greater acidity and acid com-
ponents were releasing faster.

total change of acid components concentration was 
determined by the acid-base titration. in this case was also 
measured dependence of concentration of acid content 
on distance between wood surface and surface of plasma 
electrode. the highest concentration of acid content was 
observed when surface of wood was in direct contact with 
plasma electrode. By increasing the distance between surface 
plasma electrode and surface of wood, concentration of acid 
content was falling down gradually (table ii). 

total acidity in comparison to untreated sample demon-
strated the least increase (43 %) of acid components after 
the plasma treatment at spruce sample. the highest increase 
of acid components up to 95 % was achieved at oak wood, 
which surface was in direct contact with plasma electrode. 

table i
Surface pH of three wood species before and after the plasma 
treatment

 sample ph value before ph value after 
  plasma treatment palsma treatment
 spruce 6.23 ± 0.03 4.18 ± 0.03
 Beech 5.77 ± 0.02 3.72 ± 0.03
 oak 4.74 ± 0.02 3.68 ± 0.03
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value of increase of acid components in beech sample was 
similar to oak sample (94 %). value of acid components in 
the distance of 1.04 mm from surface of electrode was near 
to value of untreated sample (table ii, iii). 

By means of carboxylic acids standards (formic acid, 
acetic acid, propionic acid, butyric acid) we confirmed pre-
sence of these carboxylic acids in the samples of spruce, beech 
and oak. We found that plasma treatment caused increase of 
formic acid content. it was located at all measured wood 
samples against to untreated samples. the highest increase of 
formic acid concentration up to 56.2 % was achieved at oak 
sample (table vi). otherwise the least increase of this acid 
was measured at spruce sample where percentage of increase 
moved at level 11 % against to untreated sample (table iv). 
Concentration of formic acid increased up to 39.2 % in the 
beech sample (table v). on the other hand, concentration of 
acetic acid decreased after the plasma treatment at all wood 
species. the highest decrease was observed at spruce sam-
ple up to 49.7 % and the least decrease was measured at oak 
sample where concentration dropped to level 6.4 %. concen-
tration at oak sample dropped to 11.2 %.

the highest concentration among investigated acids had 
propionic acid but change of concentration influenced by the 

plasma treatment was in this case the least. it is only one acid 
which demonstrated both increase and decrease in depence 
of wood species. Propionic acid concentration decreased 
by plasma treatment against to untreated sample (3,3 % 
and 7,2 %) at the spruce and oak sample. concentration of 
propionic acid increased at oak sample up to 7,8 % against to 
untreated sample. 

after the plasma treatment, decrease of concentration in 
case of butyric acid in all wood species as in case of acetic 
acid occured. Concentration decreased up to 15,2 % at spruce 
sample, 23,8 % at beech sample and 27,2 % at oak sample. 

conclusions
Formic, acetic, propionic and butyric acid were in water 

extract before and after plasma treatment, but their concent-
ration differed. as formic acid is out of the all above mentio-
ned acids strongest one and it can be stated, that this acid con-
tributes to the total acidity of wooden surface the most. the 
highest increase of formic acid concentration was found at 
oak wood (56 %). the lowest fall of concentration was found 
at propionic acid, which dropped down just about 3 % after 
the plasma treatment in comparison to untreated sample.

extraction method allows semiquantitative determina-
tion of acids and relative comparison of plasma treated and 
plasma untreated samples. therefore the data of acids con-
centrations relate only to the volume of water extract and to 
area of exposed surface of sample.

This work was financially supported by the Slovak 
Research and Development Agency, Project No. APVT–20-
033004 “Study of atmosperic plasma surface treatment of 
solid wood materials”

table ii
acid components concentration (c) of three wood species in 
air atmosphere in different distances of wood surface from 
surface of electrode (d)

 d [mm] c Spruce c Beech c oak
  [104 mol dm–3] [104 mol dm–3] [104 mol dm–3]
 0 3.3972 4.9259 6.9643
 0.39 2.8876 3.7369 5.2657
 0.65 2.5479 3.0575 4.5862
 1.04 2.3780 2.7178 3.7369

table iii
acid components concentration at wood samples before the 
plasma treatment (c)

 Sample c [104 mol dm–3]
 spruce 2.3780
 Beech 2.5479
 oak 3.5671

table iv
acid concentrations at spruce sample determinated by iso-
tachophoretic method before the plasma treatment (c1) and 
after the plasma treatment (c2)

 Carboxylic acids c1 [103 mol dm–3] c2 [103 mol dm–3]
 formic acid 0.0082 0.0091
 acetic acid 0.0153 0.0077
 propionic acid 0.0242 0.0234
 butyric acid 0.0171 0.0145

table v
acid concentrations at beech sample determinated by iso-
tachophoretic method before the plasma treatment (c1) and 
after the plasma treatment (c2)

	 Carboxylic acids c1 [103 mol dm–3] c2 [103 mol dm–3]
 formic acid 0.0079 0.0110
 acetic acid 0.0089 0.0079
 propionic acid 0.0218 0.0235
 butyric acid 0.0181 0.0138

table vi
acid concentrations at oak sample determinated by isotacho-
phoretic method before the plasma treatment (c1) and after 
the plasma treatment (c2)

 Carboxylic acids c1 [103 mol dm–3] c2 [103 mol dm–3]
 formic acid 0.0089 0.0139
 acetic acid 0.0078 0.0073
 propionic acid 0.0236 0.0219
 butyric acid 0.0180 0.0131
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introduction
Polyhydroxyalkanoates (PHas) are a group of hydro-

xyacid polyesters that are producted and accumulated in the 
form of intracellular granules by a wide variety of bacterial 
strains. these strains use Pha as carbon, energy and redu-
cing power storage material1. of the big family of Phas, 
a homopolymer of 3-hydroxybutyrate, poly(3-hydroxybu-
tyrate) (PHB), is the most widespread in nature and the best 
characterised. PHB aroused much interest in industry and 
research thanks its biocompatible, biodegradable, thermo-
plastic and piezoeletric properties. PHB appears to find many 
pottentional applications in medical, industrial and agricul-
tural fields2. 

Generally, the main problem of PHB is high cost in com-
parison with traditional plastics from petrochemical routes. 
that is why strategies for enhancing of PHB production are 
developed. typical strategy, which is widely used for enhan-
cing PHB production, is limitation with nitrogen, phosphorus 
or another element when excess amount of carbon source is 
present3. 

among the factors restricting the economy of PHB pro-
duction very important is the cost of carbon source. in PHB 
production, about 40 % of the total cost is for raw materials. 
cheap waste substrates, for instance cheese whey or waste 
potato starch, are very attractive from this point of view. ef-
fective utilization of waste subtrates should lead to reduction 
of PHB cost4. 

the positive influence of stress factors (such a peroxide 
stress, osmotic stress, ethanol stress or heavy metal stress) 
on accumulation of differents secondary metabolites were 
reported5. However, to this time only little is known about 
accumulation of Pha under exogenous stress condition.

the aim of this work was to compare different strate-
gies that could enhance PHB production and reduce costs of 
PHB. Limitations with nitrogen and/or phosphorus source 
were tested. the influence of several exogenous stresses on 
PHB production was compared. Finally, production of PHB 
was studied in synthetic and organic medium as well as using 
cheese whey as a cheap waste substrate.

experimental
B a c t e r i a l  S t r a i n

cultivations were performed with culture Bacillus 
megaterium CCM 2037.

C u l t i v a t i o n  C o n d i t i o n
Cultivations	were	carried out at 30°c under permanent 

shaking (150 rpm) in 100 ml of media. Several media were 
tested, as the first synthetic medium (Sm) containing glu-
cose as the only carbon source, kh2Po4 and na2hPo4 (1 : 1)  
as the phosphorus source and (nh4)2so4 as the nitrogen 
source was used. Sm was used for limitation experiments. 
culture was transferred (centrifugation 20 min., 6,000 rpm) 
into limited medium (medium without nitrogen or/and phos-
phorus source) after 20 hours of growth on complete medium. 
after following 15 hours, biomass and PHB concentration 
were determined. Sm was also used for stress experiments. 
the second tested medium was Bacillus medium (Bm) con-
taining peptone and beef extract. the last medium was cheese 
whey obtained from cheese manufactury Pribina Přibyslav. 
thermal denaturation and sulphuric acid were used for pre-
cipitation and removing of whey proteins before cultivation. 
Whey was tested with and/or without addition of salts accor-
ding to sM.

a n a l y t i c a l  m e t h o d s
Biomass concentration was analyzed spectrophotomet-

rically at 630 nm after suitable dilution with distilled water. 
relationship between absorbance a 630 nm and dry cell 
mass was evaluated. Before PHB determination biomass was 
lyophillized. dryied cell material was hydrolyzed and deri-
vatized in a mixture of 0.8 ml acidified methanol (15 % v/v 
h2so4) and 1 ml chloroform at 100 °c for 140 min. resul-
ting methyl esters of 3-hydroxybutyric acids were determined 
using gas chromatography with mS or Fid detection. com-
mercial PHB (Fluka) was used as the external standard6.

results
First, the effect of nitrogen and/or phosphorus source 

limitation was tested. all tested limitations led to enhancing 
PHB content in bacterial cell biomass in comparison with cul-
tivation without limitation. However, it seems that for Bacil-
lus megaterium limitation with nitrogen source is probably 
the best stimulating factor for PHB production (see table i).

also some other tested exogenous stress factors influen-
ced positively the productivity of culture in comparison with 
control. ethanolic stress as well as na2so4 supported PHB 
accumulation. 

mainly ethanolic stress resulted in improving PHB pro-
duction. this effect could be caused by the fact, that ethanol 

table i
PHB production under limitation (35 hours)

 Limitation PHB content PHB yield
  [% dry wieght] [g dm–3]
 Without limitation 14.164 ± 1.248 0.234 ± 0.025
 n limitation 24.035 ± 1.406 0.360 ± 0.029
 P limitation 14.857 ± 0.826 0.177 ± 0.009
 n + P limitation 17.648 ± 0.691 0.237 ± 0.018
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is metabolised via acetyl-coenzym a, which is starting meta-
bolite for PHB production. it is not clear if enhanced PHB 
production was casued by ethanolic stress or by utilization 
of ethanol alone. Both factors could be involved. the culture 
could utilize ethanol with the aim to remove toxic substance 
from medium. increase of acetyl-coenzym a concentration 
led then to enhanced PHB accumulation. 

addition of na2so3 led to higher PHB production too. 
this effect could be caused by reducing properties of na2so3, 
but the effect on PHB production was relatively low. 

other stress factors inhibited the growth of culture and/
or PHB accumulation. Because of relationship between stress 
factor concentration and its biological effect further experi-
ments will be needed. detailed analysis of concentration ef-
fects was not included into this pilot study. 

Because of relatively low PHB amount (14–20 % of total 
biomass) other media then Sm were tested. culture growing 

on Bm medium itself did not contain almost any PHB after 
45 hours of growth. However, when glucose was added, pro-
duction of relatively high PHB amount was observed. this 
is probably caused by the fact, that culture depleted nitrogen 
and phosphorus sources of Bm medium, but carbon source 
(sugar) was still present. culture was able to utilize sugar for 
the growth as well as for PHB accumulation.

Finally, cheese whey was tested as a component of 
medium for PHB production. Low growth and no PHB pro-
duction were observed when cultivations were performed on 
whey itself. addition of salts (according to Sm) led to the 
strong increase of growth and production properties of cul-
ture.

conclusions
all strategies tested in this work could be used for 

enhancing PHB production in Bacillus megaterium CCM 
2037. Limitation with nitrogen seems to be a strong stimula-
ting factor for PHB production.

Positive effect of two exogenous stress factors on PHB 
production was observed. ethanolic stress and na2so3 enhan-
ced PHB production. However, the mechanism and optimal 
concentration of stress factors have to be clarified. 

culture was able to utilize organic substrates (Bm, 
cheese whey) and product high amount of PHB. the highest 
yield of PHB (1.16 g dm–3) was obtained during growth in 
Bm medium with glucose. Bacillus megaterium is also able 
to use cheap cheese whey or starch as a carbon source. that 
should lead to reducing of PHB cost. However, further otimi-
zation studies are needed.

This work has been supported by project MSM 
0021630501 of Czech Ministry of Education.
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table ii
PHB production under exogenous stress (35 hours)

  Biomass PHB content [%] PHB yield
  [g dm–3]  [g dm–3]
 h2o2 0.047 ± 0.001 * *
 naCl 0.134 ± 0.039 6.864 ± 0.082 0.016 ± 0.001
 etoh 1.812 ± 0.029 20.793 ± 0.358 0.377 ± 0.007
 niCl2 0.053 ± 0.000 * *
 Citrate 1.739 ± 0.025 14.620 ± 0.054 0.254 ± 0.001
 na2so3 1.744 ± 0.050 19.881 ± 0.612 0.345 ± 0.011
 Control 1.762 ± 0.009 17.030 ± 0.179 0.300 ± 0.003
* no PHB production was observed

table iii
PHB production on different media (45 hours)

  Biomass PHB content [%] PHB yield
  [g dm–3]  [g dm–3]
 Bm  1.288 ± 0.015 0.050 ± 0.011 0.001 ± 0.000
 Bm + 2.602 ± 0.050 44.720 ± 3.290 1.164 ± 0.086
 glucose
 Bm + 2.150 ± 0.110 21.054 ± 0.711 0.453 ± 0.012
 starch
 Whey 0.389 ± 0.033  * *
 Whey + 1.612 ± 0.033 15.464 ± 0.181 0.249 ± 0.003
 salts
* no PHB production was observed
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introduction
Polyurethanes (Pur) are a widespread group of polyme-

ric materials involved in many aspects of modern life. they 
are widely used in medical, automotive or industrial fields. 
Pur are very variable group of materials because they could 
be prepared in many forms ranging from flexible or rigid 
foams, solid elastomers, coating, adhesives and sealants1. 

Polymeric materials could serve as carbon (but also nit-
rogen and other atoms) and energy source for heterotrophic 
microorganism including bacteria, moulds and yeasts. this 
natural process of material decomposition is called biodegra-
dation2. 

after the years of Pur production manufactures found 
Pur susceptible to biodegradation. microbial degradation of 
Pur as well as other polymeric materials is dependent on 
many properties of the polymer such as molecular orienta-
tion, crystallinity, cross-linking and chemical groups present 
in the molecular chain. very small variations in the chemical 
structure may result in large differences in the term of biode-
gradability3. 

this work was focused on the comparison of biodegra-
dability of two different forms of the same Pur material - 
modified Pur foams and modified Pur elastomeric films. 
Several types of biopolymers were used as modyfying agents 
that should enhance biodegradability of both Pur forms. For 
laboratory biodegradtion tests mixed thermophillic culture 
Thermophillus sp. was used.

experimental
Pur foams and elastomeric films were modified by 

10 % of acetyl-cellulose (Ca), 10 % carboxymethyl cel-
lulose (CMC) and 10 % acetylated starch (as). Modifying 
agents partially replaced polyether polyol. Both Pur foams 
and Pur elastomeric films were prepared from the identical 
raw materials. the only difference was that in film prepara-
tion blowing agent (water) was not used.

B i o d e g r a d a t i o n  t e s t s
Biodegradation tests	were performed with mixed ther-

mophillic culture Thermophillus sp. cultivations were car-
ried out at 60 °c under permanent shaking in 100 ml of defi-
ned media. one sample of Pur was represented by 0.25 g  
of Pur. Growth characteristics, chemical oxygen demand 
and glucose concentration were determined in regular inter-

vals. at the end of cultivation (about 100 hours) Pur mass 
decreases were measured gravimetrically and Pur surface 
changes were analysed microscopically.

results
the presence of Pur material influenced growth of bac-

terial culture in comparison with culture without Pur. Gene-
rally, Pur foams supported the growth of bacterial culture, 
on the contrary Pur elastomeric films weakly inhibited bio-
mass production. the inhibition effect was exhibited mainly 
during early stages of growth when long lasting lag-phase 
was observed. this effect was probably caused by formation 
and/or by release of some toxic component(s) which inhibited 
the start of the growth. Because toxic effect was not observed 
in Pur foams, it is possible that toxic component(s) was by 
some way removed during the foaming process. 

modifying agent type was other important factor which 
influenced the growth of culture. From this point of view, 
CMC seems to be the best modifying agent because it stron-
gly supported the growth of culture grown both in presence 
of Pur foams as well as Pur films.

mass decreases of foams and films were very similar, 
however, in some experiments higher degradation degree was 
observed in Pur films. it is surprising because Pur films are 
expected to be more rigid than Pur foams. 

it seems that modification agent type is probably more 
important factor than the form of Pur material. the highest 
losses of material were observed in Pur foams and films 
modified by cmc (see Fig. 1.). High mass decreases of cmc 
Pur materials could be partially caused by water solubility 
of carboxymethyl cellulose itself. 

conclusions
in conclusion, modified Pur foams as well as elastome-

ric films could be degraded by thermophillic bacteria. diff-
erences between foams and films are surprisingly small. it 
seems that for biodegradation degree more important factor 
is the modification agent type than Pur material form. car-
boxymethyl cellulose appears to be the best modifying agent 

fig. 1.  Mass decreases of PUR foams and films
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from biodegradation point of view. in relatively short-time 
lasting tests (about 100 hour) Pur materials modified by car-
boxymethyl cellulose exhibited almost 7 % of weight loss. 
cmc Pur materials also strongly supported the growth of 
bacterial culture.

This work has been supported by project MSM 
0021630501 of Czech Ministry of Education.
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introduction
Polysilylenes are of considerable research interest 

because of their electronic, photoelectrical and nonlinear 
optical properties.

Polysilylenes are most often obtained by Wurtz redu-
ctive coupling of organosilanes with sodium metal in reflu-
xing toluene (scheme 1). therefore the metal is easily dis-
tributed throughout the solution. unfortunately, the yields of 
polymers and the reproducibility of the reaction are usually 
quite poor. up to now there is no satisfactory mechanistic 
theory to determine the best procedure, and the reaction con-
ditions must be optimized for each polymerization. reaction 
conditions close to optimum could be achieved by evaluating 
the trends. this contribution reports on the methods and pro-
cedure based on new operatory conditions that allowed us to 
gain in yield and quality of product obtained. 

experimental
G e n e r a l  s y n t h e s i s  ( P r o c e d u r e  a ) 
o f  P o l y [ m e t h y l ( p h e n y l ) s i l y l e n e ] 
P M P s i .

the polymers were prepared by the Wurtz synthesis 
from dichloro(methyl)phenylsilane with sodium dispersion 
in refluxing toluene under inert and dark atmosphere during 
the whole process. to a three-necked Schlenk flask equipped 
with stirring bar, condenser and dropping funnel was added 
freshly cut sodium (7.5 g, 0.33 mol). Dry toluene (100 ml) 
was transferred with a canulla to the reaction flask and heated 
to reflux. the solution of freshly distilled dichloro(methyl)p
henylsilane (25 ml, 0.13 mol) in 25 ml of toluene was added 
dropwise into the dispersion until the color of the reaction 
mixture changed to blue, indicating the start of the reaction. 
the rest of the monomer solution was then dropped in the 
course of 1 h. after 1 h 30 min under reflux, the reaction 
was quenched at room temperature by addition of 1 ml of 

BuLi solution. the residual sodium was reacted, under ice 
bath cooling with 25 ml of ethanol and then with 25 ml of 
water. the organic layer was separated and taken directly to 
centrifuge. cross-linked and insoluble portions were sepa-
rated by centrifugation at 12,000 rpm for 15 min.). Desired 
polymer fraction was recovered by precipitation of the tolu-
ene solution into methanol. For purification, it was reprecipi-
tated from tHF solution with methanol. the white solid was 
collected by filtration, washed with methanol and dried in a 
vacuum oven.

m o d i f i e d  P r o c e d u r e  ( B )  f o r  t h e 
s y n t h e s i s  o f  P o l y [ m e t h y l ( p h e n y l ) s
i l y l e n e ]  P m P S i 

the solution of freshly distilled dichloro(methyl)phe
nylsilane (25 ml, 0.13 mol) in 25 ml of toluene was added 
rapidly (5 min) into the dispersion extreme care had to be 
exercised due to great rate of polymerization. after that the 
reaction mixture was stirred under mild reflux for 1 h. the 
mixture was then allowed to cool to room temperature for 
quenching with 1 ml of distilled water. While cooling in an 
ice bath water (2 × 25 ml) was added carefully to neutralize 
the excess of sodium.

P o l y m e r  C h a r a c t e r i z a t i o n
1h, 13c nmr spectra were recorded with a Bruker 

avance 300 varian aparatus at a working frequency of 
300 Mhz for 1h and 75 Mhz for 13C in CDCl3 using tMs as 
the internal standard. Chemical shifts are given in ppm. the 
molecular weight and the molecular weight distribution of 
the polymers were determined by GPc method using agilent 
technologies 1100 Series instrument equipped with a refrac-
tive index detector and uv detector, two PLgel mixed c 
columns of 300 × 7.5 mm with particle size of 5 mm, degas-
ser, pump and auto sampler. tetrahydrofurane was used as the 
mobile phase at a flow rate equal to 1 ml min–1. the average 
molecular weight was calculated using a series of polystyrene 
standards (Mp = 316,500 – 162).

scheme 1

fig. 1.	 molecular	 weight	 distribution	 of	 polymer	 produ-
cts	 obtained	 by	 route	 a,	 mw	=	6.2	kg	mol–1,	 mw/mn(Pd)	=	2,		
mw	=	47	kg	mol–1,	mw/mn(Pd)	=	14
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results
the present study is focused on properties of polymers 

obtained using proposed experimental conditions. 
the data collected on nmr indicates the presence and 

purity of the product obtained: the peaks of methyl group 
resonating around 1.2 ppm and the aromatic protons of the 
phenyl group resonating around 7 ppm. Peaks are slightly 
shifted due to the silicon bonding compared to the Carbone 
one.

typical analytical data after precipitation: 1H nmr 
(CDCl3): δ/ppm = – 1.0–1.3 (br, m, 3H, cH3), 6.0–8.4 (br, 
m, 5h, aromatic h). 13c nmr (cdcl3): δ/ppm = –6.3 (br), 
127.1 (br), 129.1 (br), 133.3 (br), 134.8 (br), 136.2 (br).

GPc analyses (Fig. 1.) confirmed that the new pro-
cedure (Fig. 2.) allowed us to access to new longer chain 
polymers with higher polydispersity(Pd). the yields of such 
kind of synthesis varies from 40–60 % and is well described  
in literature.

the Wurtz coupling reaction was conducted in low 
quantities and many times extracted so that we could obtain 
more or less pure long chain polymers separated from oly-
gomers. Some low yields obtained are due to a lower scale 
reaction and drastic separation methods. Better yields can be 

obtained working on higher scale and determining better sin-
gle chain molecular weight as we observed total conversion 
of starting products.

conclusions
methods used for the synthesis of PmPSi are well known 

in chemical industries and are usually drastic and therefore 
expensive and polluting. the way we explored allowed us 
to access higher yield polymers of very reasonable cost. the 
biggest advantage of it is that it uses also less hazardous pro-
ducts or polluting solvent. We could get through this new 
fashion synthesis high value polymers at lower cost and using 
only water and ethanol for reaction’s ending and extraction 
which makes it part of the “green chemistry” or at least to-
wards it.

the other aim of our work would be to synthesize new 
model of polysilylenes attached directly to functional chro-
mophores throughout a Suzuki coupling and investigate 
their electrical and optical properties. the proposed structure 
should be capable of light driven switching between high 
conductive and low conductive regime, and therefore to be 
used as current switch or actuator.
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introduction
Plasma enhanced Chemical vapor Deposition (Pe-

cvd) is a power tool for designing of nanostructured films. 
the Pe-CvD technology is relatively complicated and con-
dition-intensive in term of resulting material’s reproducibi-
lity. the deposition system has many input parameters have 
to be set or continuously regulated. a controlling of the pro-
cess parameters using an automation technique can increase 
a reproducibility of experiments. the automated measured 
data recording enables additional check of deposition pro-
cess. the aim of presented work is a design and development 
of programmable automation system for deposition process 
with a view of parameters controlling. 

Plasma polymerization is a powerful tool for a deposi-
tion of thin films whose physicochemical properties can be 
controlled in wide ranges and thus the technology enables 
adjusting of the material properties with respect to an appli-

cation. recently the interest in nanolayers and nanoscrutu-
res preparation increases. Preparation of the layers and/or 
complicated structures offers controlling of many process 
parameters in real time. a success of the coating technique 
depends on a suitable technological system, as the vacuum 
quality and film reproducibility are the crucial parameters1. 
With respect to the necessary accuracy of synchronization of 
all controlling component during the plasma processes the 
high level of deposition process automation is requisite.

the	developed	system
We have developed a capacitive coupling system for cre-

ative design and application of complex film systems in smart 
materials. the internal setup of our deposition chamber using 
plan-parallel electrodes was derived from a typical capacitive 
coupling system, but our apparatus was equipped with many 
non-standard components described in other papers1. the 
electronic components of the deposition system were choo-
sing according to the possibility of remote controlling in term 
of needed deposition system automation during the system 
designing. the wiring of the components, its communication 
ports or bus channels and/or analog channels was realized. 

the system for Pe-CvD process controlling used for 
a research in the lab conditions is complicated in term of 
a needed great versatility of the system, its peripheries, and 

fig. 1.	 Block	scheme	of	communication	between	the	third	control	unit	and	the	connected	peripheries
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a variability of deposition process conditions. the setup of 
the technological system to an exactly defined state requires 
a data reading from many sensors and offers controlling of 
many components of the system. the needed parameters of 
the deposition process are a function of time in the case of 
a multilayer or a gradient structures preparation. in fact the 
process is synchronized controlling and/or tracing regulation 
of process parameters defined in the real time. the full cont-
rolling of the system is realized using three computers -con-
trol units: 

the first of them controls spectroscopic in situ ellipso-
meter yobin – ivon. the communication is realized by 
tcP/iP protocol via commercially used software. 
the second control unit communicates with mass 
spectrometer hiden and oscilloscope hameg using serial 
channel rS – 232 via commercially made software.
the third of control units supplies a pressure measuring, 
a process gases flow, a temperature measurement and a 
regulation, a vacuum valves position controlling, a com-
munication with rf plasma generator and so on. 

a block scheme in the Fig. 1. describes the realized solu-
tion of communication between the third control unit and the 
connected peripheries. the system was designed according 
to a possibility of basic operation of the deposition process 
independently of the control units operation in case of their 
failure. therefore all sensors and actuators are connected via 
their autonomic primary control units equipped basic user 
interface which enables to obtain the needed values and/or 
elementary control the sensor/actuator function. the inter-
faces are relatively complicated and not user friendly, the-
refore they are not usable for common work of operator. 
the primary control units are connected via rS-232 serial 
channel to a multi-serial interface installed in the main con-
trol unit. the system of vacuum control is realized using a 
digital input/output interface of the multi-channel measuring 

•

•

•

card advantech. the digital signal is adjusted by system of 
electronic switches controlling electro pneumatic actuators of 
the vacuum valves.

the plasma polymerization technology often uses  
a pulsed mode of the plasma discharge. the plasma generator 
cesar 1310 (advanced energy company) is equipped with an 
internal timer for the pulse mode. the change of pulse mode 
parameters is belated by a time needed for a communication 
between the control unit and the generator. therefore the 
solution is not suitable for stepless control of the pulse mode 
parameters. fort the reason the main control unit is equipped 
with a multi-channel timer/counter module advantech wor-
king in the pulse width modulation (PWm) regime. the sig-
nal controls the pulse mode parameters during complicated 
high-speed process operations.

the developing of control software for the main control 
unit was necessary as well. the elemental control units are 
not distributed with suitable communication software mostly. 
therefore the software components for the communication 
between the elemental control units and the main control 
unit were developed using Borland delphi tool. the compo-
nents were implemented to a developed main software user 
interface named as a3-controller. the software enables to 
an operator comfortably and easily to control all peripheries 
mentioned in the block scheme in Fig. 1. as well as to obtain 
and record the process values. in addition the main software 
was equipped with a timing functions, an automated control 
of a pumping speed, and a module fore a vacuum tightness 
checking etc. the three main control units are connected via 
ethernet to the internet network therefore the Pe – cvd sys-
tem is controllable from any PC connected to internet.
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introduction
the potential of lanthanide sandwich complexes of 

general formula (C5Me5)2LnCl2Li(oet2)2 (where Ln = nd, 
Sm) in polymerisation catalysis is nowadays well establis-
hed1. In situ alkylation of the dichloro lanthanidocene precur-
sor by dialkylmagnesium results in a production of efficient 
active species for ethylene oligomerisation. the propagation 
takes place via a controlled ethylene growth chain transfer 
reactions between active centres and dialkylmagnesium yiel-
ding tailor-made oligomers possessing narrow molecular 
weight distributions. these transfer reactions are reversible, 
very effective even at higher temperature and could thus be 
considered as living.

the reaction mechanism of ethylene oligomerisation 
was published few years ago but there was no reliable proof 
of the structure of (C5Me5)2LnCl2Li(oet2)2 even though its 
synthesis was described already in 1981 by tiley et al. and 
well grown blue crystals of this compound could be easily 
isolated2. the structure of (C5Me5)2LnCl2Li(oet2)2 was first 
proposed based on the similarity with the spectral data of 
compounds (C5Me5)2LnCl2Li(oet2)2 (Ln = ce, Sm) whose 
structures were known3,4 as well as for some other lantha-
nide sandwich complexes (Pr, nd, Gd, dy, Yb and Lu) with 
different organic donors (e.g. thf or tMeDa) and various 
substituents on the cyclopentadienyl rings.

although many structures of lanthanidocenes with the 
general formula Cp2LnCl2MD2 (Cp = cyclopentadiene or its 
derivative, Ln = lanthanide, m = alkali metal, d = organic 
donor) are known, others have been reported to have a quite 
unconventional structures and/or coordinations numbers5. 
therefore we have focused on the determination of the crys-
tal structure of the title species (i) to confirm or negate the 
structure predicted in already published studies; (ii) to get the 
missing experimental data for quantum mechanical study of 
this compound6.

experimental
the density data were collected on a Kuma Km–4 

ccd kappa-axis diffractometer using a graphite monochro-
matized mo-Kα radiation (λ = 0.71069 Å).

results
the selected compound (C5Me5)2LnCl2Li(oet2)2 was 

prepared according to the known procedure2. Blue crystals 
were obtained from the reaction mixture and after various 
kinds of recrystallization in diethylether suitable crystals for 

X-ray analysis were obtained. the data collection details are 
tabulated in table i and selected bond lengths and angles are 
reported in table ii. 

conclusions
the title compound crystallizes in the tetragonal space 

group P 21m with one quarter of a molecule in the asym-
metric unit and it is isomorphous with the cerium analogue. 
the molecule is localized on the mm symmetry site, which 
together with a heavy disorder of all organic residues made 
the structure determination rather difficult. However, it was 
possible to obtain data of satisfactory quality and finally con-
firm the molecular structure of this species (see in Fig. 1.).

table i
crystal data and structure refinement for 
(C5Me5)2ndCl2Li(oet2)2

 (C5Me5)2ndCl2Li(oet2)2

 formula C28h50Cl2Lindo2
 formula weight 640.76
 crystal system tetragonal
 space group P 21m
 temp [K] 120(2)
 λ [Å] 0.71073
 a = b [Å] 11.181(2)
 c [Å] 12.647(3)
 v, [Å3] 1581(1)
 Z 2
 ρcalcld. [g cm–3] 1.346
 μ [mm–1] 1.831
 F(000) 662
 crystal size [mm3] 0.10 × 0.10 × 0.04
 θ range for data collection, deg 3.22 to 25.02
 no. of reflns collected 18864
 no. of indep. reflns (rint) 1,497 (0.0117)
 no. of data/restraints/parameters 1497/372/205
 Gof on f2 1.145
 r1,

a wr2
b (i > 2σ(I)) 0.0168, 0.0419

 r1,
a wr2

b (all data) 0.0177, 0.0428
 abs. struct. par. –0.01(2)
 largest diff. peak / hole [e Å–3] 0.601/–0.352

aR1 = Σ||Fo| − |Fc||/Σ|Fo|. 
bwR2 = [Σw (Fo

2 − Fc
2)2/Σ(Fo

2)2]1/2

table ii
Bond lengths [Å] and angles [°] for (C5Me5)2ndCl2Li(oet2)2 

 Bonds and angles Å or °
 Cl(1) – Li(1) 2.354(7)
 Li(1) – o(1) 1.98(2)
 nd(1) – Cl(1) 2.750(1)
 Li(1) – Cl(1) – nd(1) 88.9(2)
 o(1) – Li(1) – o(1a) 105.4(7)
 Cl(1) – Li(1) – Cl(1a) 100.1(4)
 Cl(1) – nd(1) – Cl(1a) 82.0(1)
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fig. 1.	 crystal	structure	of	(c5me5)2ndcl2li(oet2)2.	all	hyd-
rogen	atoms	as	well	as	second	positions	of	the	disordered	moie-
ties	have	been	omitted	for	clarity



Chem. Listy, 102, s265–s1311 (2008) Polymers & Polymer Composites

s1265

P13	 comutinG	effective	ProPerties	of	
comPosites	via	fem	simulations

miroSLav roLníK, Jan ŽídeK and Josef Jančář
Brno University of Technology, Faculty of Chemmistry, Pur-
kyňova 464/118, 612 00 Brno, Czech Republic,
xcrolnik@fch.vutbr.cz

introduction
composite materials take more and more important role 

in modern material science. it is influenced by several rea-
sons, however mainly for their good mechanical properties 
and very cheap preparation. for estimation of properties of 
such materials were introduced many models with different 
assumptions and with different quality of approximation. the 
method which was used by us was mathematical homogeni-
zation method which follows from asymptotical properties 
of differential equations describing given physical pheno-
menon – linear elasticity in our case, however method can 
be used for wider spectrum of equations. the input of this 
method is representative volume element (rve) – unitary 
cube (denoted by Y) which represents whole material. it has 
to be determined theoretically or from experimental results. 
the space conformation of phases can be arbitrarily complex 
also we can compute with more than only two phases (matrix, 
reinforcements). We supposed spherical shape of reinforce-
ments, the inclusions are uniformly distributed in matrix and 
have random diameters. for generating such conformation 
was used discrete version of random sequential algorithm 
(rSa). all computings were done in matlab 7.1 and in com-
sol Multiphysics 3.2.

aromatic thermotropic liquid crystalline polymer 
(tLCP) dispersed in polypropylene (PP) could serve as high 
modulus and high strength deformable inclusions. Modeling 
of relation between its morphology and mechanical behavior 
is useful way in development of new materials with tailored 
properties. it can eliminate certain polymer structures prior to 
the costly process of its preparation, processing and testing.

experimental
H a r d  S p h e r e  P r o b l e m ,  r S a 
a l g o r i t h m

Problem of placing spheres in unit cube is in literature 
refered as hard sphere problem – we have to randomly place 
n spheres with radius ri to which corresponds volume Vi in 
such way that following holds:

(i)

(ii) the spheres do not intersect each other
(iii) the spheres are uniformly distributed in space
(iv) the space is composed from periodical copy of this 

unit cube so it has to be periodic wrt. spheres
For creating of such structure were designed several 

algorithms, we introduce two of them:
algorithm 1.: we randomly generate new position of 
sphere and then we test if it satisfies conditions (ii) and 

•

(iii), if it does then we save this position and generate 
position for next sphere, if it doesn’t we generate again 
new position and do test, we repeat this procedure untill 
we place all spheres, this algorithm is denoted as random 
sequential algoritm(rSa)
algorithm 2.: we begin with all spheres placed in some 
lattice(often it is Fcc lattice) and then we randomly 
move each sphere so that condition (ii) holds, after 
enough movements the condition (iii) is also satisfied.

the advantage of algorithm 2. is that it quarantee, that 
all spheres are placed and also much higher cover efficiency 
(up to 74 % against 38 %, what is theoretical jamming limit 
for algorithm 1.). Disadvantage is that it is applicable only 
for spheres with same or very close diameters, if this doesn’t 
hold than there arises problem with starting conformation.

on the other hand disadvantage of algorithm 1 is possible 
infinite time or sometimes impossibility to succesfully finish 
algorithm. this disadvantage was partially removed by our 
improvement of this algorithm. the space was dividend to 
small cubes(discretization), which then form unity in discrete 
space( the approximation of sphere in this space is shown on 
fig. 1., table i gives us information about quality of such 

•

fig. 1.	 discrete	approximation	of	disc,	original	disc	divided	to	
four	parts	is	coloured	by	shadow	green	(area	sorig),	extra	space	
due	 to	 discrete	 approximation	 is	 coloured	 by	 shadow	 violet.	
whole	object	has	area	sdisc

table i
illustration of quality of an approximation of disc with diffe-
rent fineness of space division

 # of units sdisc/Sorig
 # of units sdisc/Sorig per radius  per radius

 1 1.9099 50 1.0590
 2 1.8209 75 1.0395
 5 1.4565 100 1.0298
 10 1.2796 200 1.0149
 20 1.1450 300 1.0099
 30 1.0986 400 1.0075
 40 1.0737 500 1.0059
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approximation). Possibility of placing the center of the next 
sphere to some cube was indicated by 1 and negative of this 
by 0. By this algorithm we can also trace the decreasing 
amount of free space available for place center and from this 
value we can estimate how much effort we need in algorithm 
1, this is shown on Fig. 2. one of generated structures used 
for computing is shown on Fig. 3.

M a t h e m a t i c a l  h o m o g e n i z a t i o n 
M e t h o d

mathematical theory of homogenization was develo-
ped in early 60s of 20th century by many mathematicians.  
We used results ot this theory for system of elliptic Pde’s 
(linear elasticity equation)1 to computing mechanical proper-
ties of composites. formulas for tensor describing material 
characterics of resulting composite material are (we are using 
einstein summation convence, A is tensor of original mate-
rial, A0 is tensor of homogenized material)

where χl
kh are solutions of following problems

χl
kh Y – periodic

and

is linearized strain tensor.

results
computed results compared with experimental ones (PP 

matrix reinforced with tLcP, where portion of tLcP goes 
from 0 % to 40 %) are shown on Fig. 4. We can conclude that 
for small amounts of tLCP prediction is quite good and our 
curve fits well to experimental data, for bigger amounts of 
tLcP this doesn’t hold, this can be influenced by the fact that 
particles of tLcP can interact between them or by the fact 
that that our sphere model is inadequate to reality.

conclusions
discrete version of rSa seems to be good way how to 

analyze evolution of algorithm. it shows us that possibility 
of place another sphere goes rapidly down. So ordinaly rSa 
can be insufficiently slow or it won’t lead to solution at all.

Prediction possibilities of homogenization algorithm 
are sufficiently good, for better description of behaviour is 
needed to know much precisely microstructure of composite 
material. 
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fig. 2.	 Progress	 of	 algorithm,	 solid	 lines	 depict	 decrease	 of	
space	 available	 to	 place	 another	 sphere,	 dashed	 line	 shows	
volume of placed spheres, n was set to 50 and φ to 0.35

, (1)

 – in Y, i = 1, ..., n,

fig. 3.  Example of generated structure for n = 40 and φ = 0.3

fig. 4.	 results	of	model	compared	with	experimental	data
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introduction
the orientation is technological process for foils, tapes 

and fibrils preparation. oriented monofilaments have better 
mechanical properties (e.g. tensile strength, modulus, resisti-
vity to cyclic deformation1) than unoriented.

annealing of an oriented sample causes relaxation, 
polymeric chains integrate into the existing lamellae and the 
lamellae thicknesses increase. an increase of crystallogra-
phic symmetry, decrease of orientation of crystalline phase, 
an disorientation of amorphous phase and a decrease of some 
mechanical properties is caused by annealing1,2.

experimental
M a t e r i a l  a n d  s a m p l e s  P r e p a r a t i o n

commercial grade of polypropylene mosten tB 002 
was used in this work (mFr = 2,73  10 min–1). this material 
was extruded and film of 400 μm thickness was prepared by 
chill roll technique. Primary film was drawn up to ratio 5 : 1 
in the first step, then the film was cut to tapes (10 mm) and 
those were drawn on the hot plate to the final draw ratio 8 : 1 
in the second step.

a part of tapes tB(4)-8/10 were continual annealed in 
the next step. this lable of tapes means: tB is polypropylene 
mosten tB 002, (4) is thickness of primary foil (400 µm),  
8 is drawn ration and 10 is cutting width of tape before 
drawing (10 mm). testpieces passed throught temperated 
channel; both ends of samples were fixed to minimize shrin-
kage and annealed at 150, 160 and 170 °c.

unannealed and annealed testpieces were tested. 
Strength and elongation at break (tensile properties), degree 
of crystallinity and structure characteristics (DsC) and chain 
orientation (rtG) were measured.

d S c ,  t e n s i l e  t e s t s  a n d  r t G
a circle specimens of 1 to 4 mg of weight were cut 

from the tapes. each specimen was put into the aluminum 
pan and heated up in apparatus ta instruments Q100. the 
test conditions were: heating rate of 10 °c min–1, inert nit-
rogen atmosphere, the test was started at 50 °c and stopped 
at 200 °c. the endotherm peaks were recorded out and the 
fusion enthalpy, maximal temperature and the half-width of 
the peak were evaluated.

the tensile properties of unannealed and annealed 
polypropylene tapes were tested using inStron 4302. ten-
sile tests were performed at laboratory temperature and at test 
speed of 100 mm min–1. the cylindrical iron clamps of the 

axises distance (100 mm) were used. the maximal tensile 
strength and elongation at break were recorded.

the rtG measurements were done in a laboratory of 
utB Ft Zlín using difractometer HZG-6 in transition and 
reflection modes. the tapes were measured longitudinal and 
transversely to the draw direction.

results
D s C

the melting curves of polypropylene tapes are shown 
in fig. 1, the main characteristics are given in table i. the 
first curve represents melting of unannealed oriented material 
tB(4)-8/10 - 23 °c and the others with changed shape repre-
sent melting of annealed tapes.

We interpreted change of shape in this way. Structure 
has changed during recrystallization. the part of the ori-
ented chains relaxed and a lamellar structure was created. 
the beginning of the process is represented by the curve of 
tB(4)-8/10-150 °c.

annealing at 160 °c. the peak is higher and is shifted to 
higher temperature. Lamellae of regular structure increased 
in the thicknesses.

Process of recrystallization at annealing temperature 
170 °c starts to change substantially the crystallite character 
in the tape. the thicker lamellae are built-up (higher tm) and 
the orientation of chains becomes to decrease (see rtG).

t e n s i l e  t e s t
the results of tensile tests are presented in table ii 

(tensile strength and elongation at break). tensile strength 

fig. 1.  Heat  fluxes  of  PP  tapes  – TB(4)–8/10. Test were  done 
with	heating	rate	of	10	°c	min–1.	materials	were	without	ageing	
(23	°c	 --)  and  aged  at  150 °C  (-×-),  160 °C  (-○-)  and  170ºC 	
(-+-)

table i
DsC characteristics of PP tapes

 Sample ΔHm [J g–1] Half-width [°c]
 tB(4)-8/10-23 °c 114.7 10.80
 tB(4)-8/10-150 °c 118.5 10.1
 tB(4)-8/10-160 °c 119.9 6.83
 tB(4)-8/10-170 °c 116.4 4.42
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decreases with annealing temperature in the whole annealing 
temperature range, because the above mentioned recrystalli-
zation decreases orientation of polymer chains.

elongation at break increases only up to annealing tem-
perature 160 °c and then it drops. this fact could be attri-
buted to polypropylene recrystallization process (see above) 
and subsequently destruction of the tape orientation.

r t G

the maximums of diffraction intesity are located at 
the same 2Θ angles for tape annealing temperatures 23 °c, 
150 °c and 160 °c (Fig. 2.). tB(4)-8/10-170 °c sample has 
those maxima shifted to higher angles. the intensities of 
peaks are changed in accordance with annealing temperature, 
because the number of crystallites in the drawing direction 
has decreased.

Measured intensities in transversal direction are very 
low, i.e. the tapes have practically no reflection planes per-

pendicular to the draw direction. material tB(4)-8/10-170 °c 
has some few crystallites in the transversal direction. Proba-
bly, some of crystallites were created during recrystallization 
in this direction.

conclusions
results of dSc, tensile tests and rtG are presented in 

this paper.
dSc results show that annealing of PP tapes increase 

dimensions of crystals and above 170 °c a complete recrys-
tallization started.

the tensile strength decreases in the whole range of the 
annealing temperature. deformation increases up to 160 °c, 
then it decreases. this phenomenon should be interpreted by 
above mentioned recrytallization processes.

the crystallite orientation decreases in the drawing 
direction with increasing annealing temperature. the samples 
have no or very low amount of crystallites orientated in trans-
versely direction, because of absence of WaXS peaks.

We thank the Board of Industry and Trade for financial 
support, grant: 1H-PK/39
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table ii
results of tensile tests

 sample tensile strength elongation at
  [mPa] break [%]
 tB(4)-8/10-23 °c 513 ± 20 41 ± 3
 tB(4)-8/10-150 °c 419 ± 40 96 ± 14
 tB(4)-8/10-160 °c 328 ± 16 158 ± 8
 tB(4)-8/10-170 °c 201 ± 14 97 ± 7

fig. 2.	 waxs	patterns	measured	longitudinal	to	draw	direction	
(tapes	tB(4)–8/10,	unannealed	(23	°c	--)	and	annealed	at	tem-
peratures (150 °C -×-, 160 °C -◊-, 170 °C -+-))

fig. 3.	 waxs	 patterns	 measured	 transversely	 to	 draw	
direction.	 PP	 tapes,	 unannealed	 (23	°c	 --)	 and	 annealed	 at	
temperatures (150 °C -×-, 160 °C -◊-, 170 °C -+-)
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introduction
Porous collagen scaffold matrices containing hyaluro-

nic acid (ha) are promising materials for tissue regenera-
tion. collagen, a well-known material has been widely used 
in medical applications1. it is extensively used for wide-area 
parenchyma bleeding and for laparoscopic procedures as a 
haemostatic agent2. ha is important component of extra-
cellular matrix, having high water retention capacity. Ha is 
involved in cell migration and cell differentiation which sup-
port wound healing process3. By combination of collagen and 
Ha, the material with haemostatic and healing properties can 
be created. 

in this study, collagen was blended with hyaluronic acid 
and cross-linked by carbodiimide at different period of time 
in order to evaluate the swelling and degradation properties 
used for certain biological applications.

experimental
Bovine collagen type i (vuP a. s., cZ) and hyaluronic 

acid (cPn spol. s.r.o., cZ, mn = 150 kda) were used. cross-
linking solution mixture of 25 mmol.l–1 of n-(3-dimethyla-
mino-propyl)-n’-ethylcarbodiimide hydrochloride (edc, 
sigma aldrich, D) and 12,5 mmol.l–1 of n-hydroxysuccini-
mide (nHS, Sigma aldrich, d) in 98 % of ethanol was pre-
pared.

s a m p l e  P r e p a r a t i o n
collagen and hyaluronic acid were mixed in two diffe-

rent ways. the coll-Ha-1 matrix was made by combination 
of freeze drying and air drying method while the coll-Ha-2 
one was only freeze dried which is commonly used method. 

Prepared matrices were subsequently cross-linked using 
edc/nHS system for three periods of time: 0.25, 1 and 2 h.

C h a r a c t e r i z a t i o n
the morphology of a surface structure and cut profiles of 

collagen-Ha matrices was compared using scanning electron 
microscopy (seM). 

For water uptake determination each scaffold was cut 
up and weighted. the pieces were consequently immersed 
to physiological solution (PS) and in 1 hour the pieces were 
removed and re-weighted. the water content was calculated 
according to formula (1), where ws is weight of swollen sca-
ffold and wd is weight of the dry scaffold.

100w  uptakeWater s ×
−

=
s

d
w

w

 
(1)

the hydrolytic degradation of collagen-Ha samples was 
studied in PS at 37 °c which simulated human body fluids. 
the degradation resistances were measured within a period 
of 30 days and determined using gravimetric method.

the bioinduction differences were evaluated just 
between matrices of pure collagen and collagen includes 
hyaluronic acid. the samples were tested at the laboratory  
of cells regeneration and plasticity (Liběchov, czech repub-
lic). the collagen scaffolds were colonized with mesenchy-
mal cells and cultivated for 10 days in order to monitor both 
the stability in the cells solution and cells activity.

results
seM images of collagen-ha surfaces at fig. 1.a and 

Fig. 1.b demonstrate differences between scaffold structures. 
samples of Coll-ha-1 embodies smooth surface in compa-
rison with porous surface of coll-Ha-2. cut profiles scan 
(Fig. 1.c and Fig. 1.d) show that coll-Ha-1 is porous only in 
the middle part but the smooth just on the surface. the coll-
Ha-2 shows porous structure in all volume.

the fastest hydrolytic degradation (of about 1 hour) 
yield the non cross-linked coll-Ha-2 porous sample while 
the other non cross-linked coll-Ha-1 sample exhibit higher 
stability by degrading up to 90 % in physiological solution at 
37 °c within 30 days. the degradation stability of all samples 
increased markedly after the cross-linking by edc/nHS, 
however, the different cross-linking period of time did not 
shown considerable dependences. Based on the results, the 
samples truckled to the degradation between 20–30 % (coll-
ha-1) or 30–40 % and (Coll-ha-2) in 30 days as can be seen 
in fig. 2 and fig. 3 respectively. 

 a 	b

	c 	d

fig. 1.	 scanning	electron	images	of	collagen-hyaluronic	scaff-
olds	a)	coll-ha-1	surface,	b)	coll-ha-2	surface,	 c)	coll-ha-1	
cut profile, d) Coll-HA-2 cut profile
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moreover, different water uptake behavior of collagen-
Ha matrices were observed. as presupposed, more stable 
coll-Ha-1 samples absorbed smaller amount of water in 
comparison with coll-Ha-2 samples. the time of cross-lin-
king did not have considerable influence on the water uptake 
behavior as shows Fig. 4.

compared with pure collagen the collagen-Ha scaffolds 
indicated higher shape resistant and better density of culti-
vated mesenchymal cells after 10 days of cultivation.

conclusions
collagen and hyaluronic acid are poorly miscible when 

the amount of hyaluronic acid increases. two different samples 
of collagen-Ha were prepared (coll-Ha-1 and coll-Ha-2), 
cross-linked by edc/nHS system and analyzed.

Scanning electron images showed differences in poro-
sity of both samples. the coll-Ha-1 sample was porous just 
in the middle part between two smooth surface layers which 
probably protect the material against external effects resul-
ting to slowest degradation rate and lower uptake in compa-
rison with fully porous coll-Ha-2 sample. While non cross-
linked coll-Ha-1 sample degraded at 90 % after 30 days,  

the non cross-linked coll-Ha-2 sample fully disintegrate in 
one hour. the cross-linking of both samples stabilized the 
matrices against the hydrolytic degradation. in 30 days the 
cross-linked coll-Ha-1 sample degraded to 30 % compa-
red to 40 % of coll-Ha-2. as for water uptake behavior, the 
coll-Ha-2 sample absorbed 90 % wt. of water in one hour in 
contrast to 60 % wt. of coll-Ha-1 samples where the bilayer 
decreases the water absorption. However, the cross-linking 
time did not have considerable influence in both swelling and 
degradation behaviors. 

it is assumed that after the formation of collagen-hyalu-
ronic acid mixture, carboxyl groups of hyaluronic acid react 
promptly with amino groups of collagen. this result in small 
amount of free amino groups applicable to cross-linking 
thereupon the time, needed for the sufficient cross-linking 
degree, is surprisingly short – 15 minutes. 

the collagen-Ha matrices showed better bioinduciton 
effect in both shape resistance and cells density in compari-
son with pure unmodified collagen samples.

the results showed that collagen-Ha materials prepared 
in various ways exhibited different properties useful for wide 
range of applications. Particularly, Coll-ha-1 might be used 
as material needed higher stability, whilst coll-Ha-2 is sui-
table for systems required higher absorption ability. 

Financial support of this research under the NPV II pro-
ject 2B06130 and project MS 0021630501 from the Ministry 
of Education, Youth and Sports of the Czech Republic is gre-
atly appreciated.
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fig. 2.	 degradation	 of	 coll-ha-1	 sample	 cross-linking	 at	a)	
0	hour,	B)1	hour,	c)2	hours,	d)	0.25	hours

fig. 3.	 degradation	 of	 coll-ha-2	 sample	 cross-linking	 at	 a)	
0	hours,	B)	0.25	hours,	c)	2	hours,	d)	1	hour

fig. 4.	 water	uptake	of	collagen-ha	matrices	for	different	time	
of	cross-linking
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introduction
the local structure and dynamics of glass-forming sys-

tems can be studied by means of reporter stable free radicals, 
the so-called spin probes.1–4 the eSr spectra reflect rotati-
onal mobility of paramagnetic molecules which is closely 
related to both internal and external factors. We attempt to 
understand the rotational dynamics of the spin probes which 
is dependent on the microstructure of a matrix and its static 
and dynamic fluctuations as well as the spin probe parame-
ters, i.e. the size (volume, mass) and shape as a function of 
temperature.

the physical microstructure of disordered former can be 
characterized using the free volume concept5,6. in the past, 
this idea was utilized to interpret spin probe dynamics by 
formulating the various versions of free volume models of 
spin probe rotation in polymers.7–9 recent progress in posit-
ron annihilation lifetime spectroscopy (PaLs)10,11 allowed 
to relate the directly measurable free volume to individual 
matrix dynamics12 as well as to the spin probe mobility13,14. 
recent PaLS and eSr studies on a series of polymers revea-
led the connection between crossover of regimes for the 
small spin probe temPo at characteristic eSr temperature 
t50G

15 and the appearance of a certain mean free volume hole 
which confirmed the independence of the chemical structure 
of matrices13,14. For further clarification ot the role of free 
volume in spin probe mobility are nedded more detailed free 
volume PaLs data.

investigations of glass-formers within eSr vs. PaLs 
analysis supported the idea that primary α-process in the mat-
rix plays the role in mobility of larger spin probes4,16 and that 
the secondary processes are important for the smaller ones16. 
We present cross analyses of the spin probe dynamics results 
in the context of the microstructure and microdynamic data 
of pure matrix from PaLS and BdS studies.

experimental
Poly(isobutylene) –[cH2– C(Ch3)2]n– from a 

recent PaLs study18 was used. molecular weight was  = 
1.3 × 106 g mol–1 and glass transition temperature from diff-
erential scanning calorimetry (DsC) Tg

DSC = 207 ± 1 k. the 
spin probes 2,2,6,6-tetramethyl-1-piperidinyloxy, known 
as teMPo, 4-Maleinimido-2,2,6,6-tetramethyl-1-piperidi-
nyloxy (Mi-teMPo) from aldrich Chemical Comp., inc 
and 1,5-dioxa-3,3-bis(brommethyl)-8,8,10,10-tetramethyl-9-
azospiro [5,5] undecaneoxy (Br-temPo) were used. they 
were introduced into the polymer matrix by diffusion from 
the vapour phase at a temperature near their corresponding 

melting points. the structure and basic molecular parameters 
of spin probes are presented in fig. 1 obtained by means of 
the simulation software cerius2, accelrys inc.

eSr investigations were performed on the X-band 
Brucker-er 200 SrL with a Brucker Bvt100 temperature 
variation controller unit. the eSr spectra were registered 
over a wide temperature range from 100 K up to 400 K. the 
eSr spectra were analyzed via two parameters of the rota-
tional dynamics. the spectral parameter of mobility, 2aZZ‘, 
and the correlation time, τc being determined by the standard 
formulae1,2,16.

results
e S r  d a t a

the eSr signal of all the three nitroxyl radical change 
from a broad triplet at lower temperatures to a narrow tri-
plet in a higher temperature region, which corresponds  
to a slow rotational regime with a high spectral parameter of 
the 2AZZ’ ~ 68 G changing to a rapid rotational regime with 
lower values of 2AZZ’ ~ 35 G. fig. 2.	shows the spectral para-
meter of mobility, 2AZZ’, i.e. the distance between the outer 
peaks of the triplet signal of the spin probes, as a function of 
the temperature from 100 k up to 400 k. a typical sigmoidal 
curve reflects the crossover from the slow regime to the rapid 
one. this crossover is characterized by the operationally defi-
ned eSr parameter, T50G, at which the extrema of separation 
reaches just 50 Gauss15. in general, the T50G value is expected 
to be dependent on the size (volume and mass) and the shape 
of the spin probe used. for the smallest quasi-spherical spin 
probe teMPo T50G = 263 k. in addition, crossovers in the 
2AZZ’ – T plot within the slow and rapid regimes define the 
two characteristic eSr temperatures at TX1

2A = 205 k or 
TX2

2A = 347 k, respectively. on the other hand, the tempe-
rature dependences of the spectral parameter 2AZZ’ for the 
two larger non-spherical spin probes mi-temPo and Br-
temPo, which differ in their volume by a factor of 1.35 and 
in their masses by a factor of 1.64, are rather similar with the 
corresponding T50G values of 330 k or 333 k, respectively. 

for the quasi-spherical spin probe teMPo, the second 
parameter of mobility can be used to characterize its motio-
nal state, i.e., the rotational correlation time, τc, which was 

  temPo mi-temPo Br-temPo
 MW 156.1 251.1 412.0
 VP

W 170.1 230.6 305.9
fig. 1.	 structure,	 molar	 mass	 in	 g	 mol–1,	 and	 van	 der	waals	
volumes	in	Å3	of	a	series	of	spin	probes	used



Chem. Listy, 102, s265–s1311 (2008) Polymers & Polymer Composites

s1272

estimated by using the standard formulae1,2,16. in the case of 
a slow motional regime, the Goldman – Bruno – Polnaczek 
– freed equation (1) has been applied:

τc = a[1–S(T)]b (1)

where, S(T) = AZZ’(T)/AZZ’(Tref) and represents the extrema 
line separation 2AZZ’ of the triplet spectra at temperature t 
and some reference value of 2AZZ’, usually at Tref = 77 k. 
the a and b coefficients depend on the motional model of 
spin probe reorientation used. in the case of organic matrices/
small spin probe systems such as our PiB/temPo pair, the 
jump diffusion mechanism was found to be hold, for which 
a = 2.55 × 10–9 s and b = –0.615 (ref.1,2,16). in the rapid rota-
tion regime the Freed – Fraenkel equation (2) was used: 

τc(T) = AΔH+1[i+1/i–1)–1]1/2 (2)

where a = 6.7 × 10-10 s, ΔH+1 – the line width of the low-field 
line of the triplet spectrum and I+1, I–1 are the intensities of 
the lines of the low- and high-field component of the triplet 
spectrum. the results are displayed in the arrhenius repre-
sentation in fig. 3. four regions of different motional regime 
having the arrhenius character:

τc = τ∞exp[Ec/RT] (3)


where, τ∞ is pre-exponent and Ecis activation energy, can 
be distinguished. intersection points of the linear regimes 
define the characteristic eSr temperatures tτ

X1 = 208 k, and 
tτ

X2 = 320 K. the first two bend effects in Fig. 3. are con-
sistent with the characteristic eSr temperatures TX1

2A, T50G 
from Fig. 2. dynamic change between the rapid sub-regimes 
at tτ

X2is approximately consistent with TX2
2A from 2aZZ’ 

vs. t plot.

the observed reorientation behaviour of a series of spin 
probes can be related to the o-Ps annihilation and free volume 
information from PaLs18, as well as to the relevant literary 
dynamic results from broadband dielectric spectroscopy 
(BdS)19 and nuclear magnetic resonance (nmr)20.

P a L S  d a t a  i n  r e l a t i o n  t o  e S r 
f i n d i n g s

the PaLs technique provides a unique information 
about the free volume microstructure of a matter10,11. this 
method is based on the annihilation behaviour of microscopic 
ortho-positronium probe (o-Ps) which is very sensitive indi-
cator of local regions of low electron density, the so-called 
free volume. according to quantum-mechanical model21–23, 
the o-Ps lifetime, τ3, is a measure of the radius, rh, of a sphe-
rical free volume hole by equation (4):

τ3 = τ3.0{1–Rh/(Rh + ΔR) + (1/2π).
sin[2πRh/(Rh + ΔR]–1} 

(4)

where τ3.0 is the statistically averaged para-Ps and ortho-Ps 
lifetime (0.5 ns) and ΔR = 1.66 Å is the thickness of electron 
layer around the hole whose value is determined by fitting 
the observed lifetimes in molecular crystals and zeolites of 
known vacancy or cages sizes.21–23 the corresponding mean 
hole volume is simply Vh = (4/3)πRh

3. in reality, however, 
the shape of free volume holes is not strictly spherical, so 
that equation (4) is used as the equivalent sphere radius or 
volume. in addition, free volume holes in condensed media, 
generally, have no uniform size, so that the free volume size 
distribution function is relevant22. if a one-to-one correspon-
dence between the o-Ps lifetime and the free volume hole 
radius is assumed to be valid, the o-Ps lifetime distribution 
can be transformed into the free volume hole radius distri-
bution, f(Rh):

fig. 2.	 spectral	 parameter	 of	 mobility,	 2azz’	 as	 a	 function	 of	
temperature	,over	a	wide	temperature	range	for	a	series	of	spin	
probes	in	PiB.	the	characteristic	esr	temperatures	of	temPo	
(■)  and  larger  spin  probes:  MI-TEMPO  (○),  Br-TEMPO  (●)	
are	T50G	at	263	k	or	330	and	333	k,	respectively.	moreover,	the	
additional	 characteristic	 temperatures	 at	 TX1

2a	=	205	k	 and	
TX2

2a	=	347	k	were	determined	for	the	temPo

fig. 3.	 arrhenius	 plot	 log	 τc vs.	 1/T	 for	 PiB/temPo	 system	
showing	 the	 presence	 of	 four	 regions	 of	 different	 motional	
behaviour	 with	 following	 arrhenius	 parameters:	 slow-a:	
τ∞	=	3.2	×	10–9	s,	 Ec	=	3.2	kj	mol–1,	 slow-B:	 τ∞ =	2.5	×	10–10	s,	
Ec	=	7.7	kj	mol–1,	 rapid-a:	 τ∞	=	4.0	×	10–13	s,	 Ec	=	21	kj	mol–1,	
rapid-B:	τ∞ =	3.3	×	10–18	s,	Ec	=	52	kj	mol–1
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f(Rh) = –2ΔR{cos[2π(Rh/R0)]–1}α(λ3)/R0
2 (5)

where λ3 = 1/τ3. finally, by transformation of f(Rh) we arrive 
at the free volume distribution function g(Vh) (6):

g(Vh) = f(Rh)/4πRh
2 (6)

the influence of local free volume on the rotational 
dynamics of the spin probes from eSr measuraments can 
be evaluated at both the phenomenological and geometrical 
levels.

Phenomenological comparison of eSr and PaLs data 
search for the mutual relationships between characteristic 
eSr temperatures T50G and TX and the characteristic PaLs 
temperatures12. these temperatures are determined by ana-
lysis of the o-Ps annihilation quantities as obtained from the 
continuous term analysis of the PaLs spectra by means of 
the Lt 9.0 program23. Fig. 4. shows the mean o-Ps lifetime, 
τ3 , and the width of the o-Ps lifetime distribution, σ3 , in the 
same PiB sample as a function of the temperature over the 
temperature range from 130 k up to 350 k18. 

three different regions of the o-Ps annihilation can be 
described by a best linear fit12:

region i: 133 k < t < 203 k
τ3(T) = (3.85 ± 0.94) × 10–4T + (1.21 ± 0.02); (7a)
r = 0.889

region ii: 213 k < t < 263 k
τ3(T) = (7.73 ± 0.24) × 10–3T–(0.31 ± 0.06) (7b)
r = 0.997

region iii: 273 k < t < 353 k
τ3(T) = (1.59 ± 0.01) × 10–2T – (2.56 ± 0.38) (7c)
r = 0.997

•

•

•

intersection points define two characteristic PaLS tem-
peratures Tg

PALS and Tb1. similarly, four different regions in 
the σ3-t plot can be distinguished. the first two characteristic 
PaLs tmeperatures Tg

PALS and Tb1
σ agree with the previous 

ones, while the third one lying at Tσ3 = 320 k has not direct 
analogy in the o-Ps lifetime. 

By comparing eSr and PaLS responses, following coin-
cidences were found. the bend effect within the slow rotatio-
nal regime of teMPo at TX1

2AZZ’ = 205 k (fig. 2.) lies in the 
vicinity of the glass transition. Further, a crossover between 
slow and rapid regimes at t50G = 262 k is in an approximate 
coincidence with Tb1 = 270 K in τ3, σ3 vs. t plot. the accele-
ration of teMPo in a rapid rotational regime at Tc

τ = 320 k 
is comparable to the plateau at Tb2

σ from fig. 4. Moreover,  
a crossover of mi-temPo and Br-temPo at t50G = 330  
or 333 k in fig. 2. lies slightly above Tb2

σ. 
all these phenomenological coincidences suggest the 

common origin in the underlying processes. this aspect will 
be discussed later by considering the dynamic data of PiB.

Geometrical aspect consists in a direct comparison  
of the spin probe sizes Vp

W with free volume hole sizes as well 
as free volume hole distributions as obtained from analysis of 
PaLs spectra by using the Lt 9.0 programme18. Fig. 5. shows 
the mean hole volume, <Vh>n and the mean hole volume 
dispersion σVh as a function of temperatures in relation to 
VW

Tempo170 Å3. it follows that temPo reaches the mean free 
volume size at T ~ 348 k in the vicinity of TX2

2AZZ’ = 343 k 
from Fig. 2. which indicates the presence of a sufficient mean 
local free volume. on the other hand, two remaining probes 
are larger than the mean free volume hole size. 

Subsequently, another eSr vs. PaLs analysis applies a 
direct comparison of vdW volumes of the spin probes Vp

W 
with the free volume hole distributin gn(Vh) at several tempe-
ratures in Fig. 6. at low temperatures, the spin probe sizes are 
larger than the hole volume and they lie well outside of the 
free volume hole distribution gn(Vh). this means that the spin 
probes form a certain type of perturbation in the matrix. 

fig. 4. the	 mean	 o-Ps	 lifetime	 τ
3 (■)	 and	 the	 width	 σ

3  (□)	 of	
o-Ps	 lifetime	distribution	 in	PiB	as	a	 function	of	 the	 tempera-
ture.	 the	 characteristic	 Pals	 temperatures	 Tg

PaLS	=	207	k,	
Tb1	=	270	k,	 Tb2

σ = 320 K  are  related  to  the  ESR  findings  as 
follows:	TX1

2AZZ ≅ Tg
PaLS,	T50G(temPo) ≈ Tb1,	and	T50G	(larger	

probes)	≅	Tb2
σ.

fig.	5. the	 mean	 hole	 volume,	 <Vh>n  (■)  and  the mean  hole 
volume	dispersion,	σh (□), as a function of the temperature for 
pure	PiB.
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on increase the temperature, gn(Vh) approaches the vdW 
volume of teMPo and at T50G, it crosses the high-value tail 
of the corresponding distribution. Similar finding is valid 
for the mi-temPo and Br-temPo probes at T50G ≅ 330 k.
However, the same values of T50G suggest that the presence of 
local free volume is a necessary condition, but not a sufficient 
condition for a crossover phenomenon. finally, at higher tem-
peratures, the bend effect in the rapid regime of the teMPo 
at TX2

2AZZ’ = 343 k in fig. 2. is related to the maximum of 
gn(Vh), when is the maximal probability of the occurrence of 
free volume holes being almost equal to the vdW volume of 
the temPo probe. this is fully consistent with Fig. 5.

P a L S  a n d  e S r  d a t a  v s .  D y n a m i c s 
r e l a t i o n s h i p s

this section discusses the eSr crossover phenomena 
in relation to internal dynamics of PiB. Fig. 7 displays the 
relaxation map for the all relaxation processes in PiB as 
obtained from BdS and nmr studies19,20. amorphous PiB 
exhibits a slow primary α process and two secondary β – and 
δ – processes. in this plot, the o-Ps lifetimes at the charac-
teristic eSr temperatures T50G are compared with the mean 
characteristic times of the secondary relaxation processes. 
in the case of the smallest probe teMPo, the o-Ps lifetime 
at T50G, τ3(T50G) = 1.75 ns crosses the δ – process at 282 k, 
which is quite close to the first characteristic PaLS tempera-
ture at Tb1 = 270 k and not too distant from the T50G = 263 k. 
on the other hand, the o-Ps lifetime at T50G for larger spin 
probes τ3(T50G) = 2.7 ns reaches the time scale of the extra-
polated β- process at 322 K in good agreement with the 
plateau temperature Tb2

σ = 320 K as well as T50G = 330 or 
333 k, respectively.

conclusions
in summary, from the mutual cross-comparisons of 

three responses it follows that the changes in the spin probe 
temPo dynamics are closely related to the fluctuaction of 
the local free volume due to secondary δ-process. on the 
other hand, the local dynamics of the β-process is responsible 
for the occurrence of plateau at Tb2

σ as well as for the eSr 
crossovers at T50G for the larger spin probesMi-teMPo and 
Br-temPo in PiB.

This work was supported by the VEGA Agency, Slovakia 
under grant No. 2/6035/26.
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introduction
Polypropylene (PP) as one of the most important com-

modity polymer is widely used in technical applications. the 
advantage of this material is good processability, relatively 
high mechanical properties, great recyclability and low cost. 
However, due to its impact resistance especially, the useful-
ness of PP as an engineering thermoplastic is still limited1. 
the challenge of improving the impact toughness of this 
semi-crystalline polymer continues to receive considerable 
interest in recent years. it is well known that the addition of 
the mineral fillers to PP can profoundly change the mechani-
cal properties of a polymer system. the properties themsel-
ves (size, shape, material properties, surface treatment) and 
distribution of this particles can have a significant effect on 
the global behavior of the composites. Generally, the addition 
of rigid particles to a polymer matrix will have an embrittling 
effect on the composite2. a new concept is the usage of filler 
particles as toughening agent. the general idea is to mimic 
the rubber toughening mechanism using rigid filler particles. 
the rigid particles must debond and create free volume in 
the blend on a sub-micron size level. this is much like the 
cavitation mechanism in rubber toughened systems3. the 
micro-mechanistic model for this toughening effect is con-
sisting of three stages (stress concentration, debonding and 
shear yielding)4.

 in this paper, the toughening of polypropylene with 
calcium carbonate particles on submicron size level is stu-
died. First, the influence of matrix molecular weight and the 
nucleation agent on the toughening behavior was evaluated. 
Following results o this experiment was preparing optimized 
polymeric matrix. the next step was compounding of a com-
posites system from optimized matrix and submicron size 
CaCo3 particles. the influence of the size and mass content 
of the particles on the mechanical properties of composites 
were investigated. Particularly, the stiffness, strength and 
toughness were chosen as relevant parameters. the stiffness 
and strength were estimate by the means of tensile test while 
for toughness the J-r curve procedure was utilized. the 
results were correlated with microscopic observation. Further 
we were interested on deformation behavior of the composite 
system.

experimental
the izotactic polypropylene (iPP) matrix with mFr 

37 g 10min–1 (230 °c, 2.16 kg) and molecular weight 
Mw = 194,000 was prepared. Further, this iPP matrix was 

modificated by beta nucleation agent nJ Star nu-100 from 
rika international (GB).

as filler we used to commercial available caco3 par-
ticles from Solvay production concretely SocaL 312 with 
these parameters: average diameter d50 = 0.07 µm and spe-
cific surface (Bet) 19 m2 g–1, that was with surface treat-
ment already from production. the composite was prepared 
with two weight percents of filler (5 % wt., 10 % wt.), see 
(table i).

compounding of the materials was done using aPv 25 
twin screw extruder. after compounding, the blends were 
injection moulded into “dog-bones” using Battenfeld 750 
cd injection moulding machine in accordance with čSn en  
iso 527-1.

t e n s i l e  t e s t
the tensile tests were carried out on the testing machine 

ZWicK Z020 in accordance with čSn en iSo 527-1. the 

deformation rate was 10 mm min–1 and the temperature  
of measurement was 23 °c. the following values were esti-
mated: tensile modulus (e), tensile Stress at Yield (σy), and 
tensile Strain at Yield (εy). extensometer with accuracy class 
0.5 was used to measure the strain during the tensile test.

the tensile test results (Figs. 1., 2.) exhibit lower tensile 
modulus and slightly lower yield strength with the increasing 
of fillers content. this trend was shown distinctive in the case 
of composite with beta nucleated matrix. 

comparing of tensile plots (Fig. 3.) and energy to break 
Wb (Fig. 4.) from these composite materials interpret the 

table i
types of prepared composites

 sign as Material
 n5 native iPP and 5 % wt. caco3
 n10 native iPP and 10 % wt. caco3
 B5 Beta nucleated iPP (0.03 % wt. β) and
  5 % wt. caco3
 B10 Beta nucleated iPP (0.03 % wt. β) and
  10 % wt. caco3

fig. 1.	 dependence	of	mechanical	properties	(tensile	modulus)	
on	the	type	of	composite	materials
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difference in deformation behavior. Composite materials 
with beta nucleated PP matrix exhibit higher elongation to 
break and higher energy to break. this enhancement grown 
to double in composite with 5 % wt. of particle content  
(material B5).

J - r  c u r v e s
resistance curve tests were made by multiple specimen 

technique in accordance with aStm 6068-96 on the testing 
machine ZWicK Z1120 (deformation rate was 10 mm min–1, 
support distance 40 mm). 

tree point bend test (SenB) specimens were used 
(4 × 10 × 80) with total notch depth 5 mm (4 mm using mecha-
nical saw and 1 mm by sliding fresh razor blade.) 

the fracture toughness of composites with native 
PP matrix and beta nucleated PP matrix were determined 
in terms of the J-r curves. as the fracture characteristics  
the J integral value at crack extension of 0.05 mm 
(∆a = 0.05 mm) was chosen (J0.05).

the results of fracture tests are summed up in (fig. 5.) 
and (Fig. 6.), respectively. Particularly, J-r curves of indi-
vidual composite systems are given in (fig. 5.) and the J0,05 
values for native or beta nucleated PP matrix with 5 % wt. 
and 10 % wt. composite systems are shown in (Fig. 6.).

as shown in Fig. 6. the composite material with beta 
nucleated PP matrix and 10% wt. content of caco3 particles 
(material B10) exhibit decrease trend of J0.05 characteristic. 
this effect means possible lower crack resistance of mentio-
ned system. Generally, the crack resistance of all this systems 
is considerably higher in comparison with PP matrix materi-
als without caco3 fillers. 

M i c r o s t r u c t u r e
the structure of composite materials was evaluated by 

optical microscopy in polarized light on microscope Zetopan-
Pol. it was preparing by the method of ultrathin cuts (5 µm) 
on mikrotom Leica. ultrathin cuts were extracted from the 
middle part of injected molded specimens perpendicularly to 
this direction (fig. 7.). 

fig. 2.	 dependence	 of	 mechanical	 properties	 (yield	 strength)	
on	the	type	of	composite	materials

fig. 3.	 tensile	plots	of	individual	composite	materials

fig. 4.	 dependence	of	mechanical	properties	(energy	to	break)	
on	the	type	of	composite	materials

fig. 5.	 j-r	curves	of	individual	composite	materials

fig. 6.	 dependence	of	fracture	toughness	characteristic	(j0.05)	
on	the	type	of	composite	materials
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We can see markedly difference between composites 
with native PP matrix and beta nucleated PP matrix. the 
native matrix compopsites shows spherulite structure with 
small size of spherulites. in the case of beta nucleated PP 
matrix composites is any spherulite structure visible. further 
it was the crystallization process examined under temperature 
135 °c. the addition of caco3 particles affect this behavior 
and reduce the crystallization time from 1 hour to 10 min. 
the filler particles increase number of crystallization centers 
and accelerate the crystallization process. in the case of beta 
nucleated matrix is mentioned effect involved by higher abi-
lity of this nucleation agent. 

morphology of PP specimens was study by scanning 
electron microscopy (seM). 

these samples were prepared from part of compo-
site material specimens after tensile test in axial direction. 
Separating of samples was in liquid nitrogen and than they 
was evaporate coated. the fracture areas were observed in 
5,000 × total magnification (Fig. 8.). not least we evaluated 
distribution of CaCo3 filler particles. 
 the characteristic morphology changes of samples in a study 
are shown in (Fig. 8.). the particles are dispersed reasonably 
well, although there are only small agglomerates visible. on 
both pictures we can see formation of tree stage micro-defor-
mation mechanism. this result is in good agreement with 
literature3,4.

conclusions
the mechanical properties and morphologies of PP com-

posites filled with caco3 particles are in good accordance 
with literature. it was clear that type of PP matrix had key 
effect on composite properties and behavior. the addition of 
fillers particles lead to increase stiffness and crack initiation 
resistance and improve too the deformation behavior especi-
ally in the case of beta nucleated PP matrix. Further the filler 
particles increase number of crystallization centers and acce-
lerate the crystallization process. it was confirmed forming of 
3-stage deformation mechanism in investigated systems. 

The research was financially supported by grant No. 
106/07/1284 of the Grant Agency of the Czech Republic.
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introduction
Polyurethanes (Pus) are widely commercially produced 

material because of possibility to obtain various properties by 
changing raw materials resulting in flexible or rigid foams, 
solid elastomers, coatings, adhesives and sealants. Pus are 
usually produced by the polyaddition reaction of a polyfuncti-
onal isocyanate with polyol or other reactants containing two 
or more groups reactive with isocyanates1. nowadays, with 
increasing Pus consumption, the chemistry of preparation is 
focused on the possibilities of recycling and/or degradation 
of the plastic materials in order to avoid environmental pol-
lution by non-degradable polymer waste dump. the elimina-
tion of expenses connected with recycling of these materials 
becomes a vital target of all producers2. one of the ways how 
to reduce the price along with increasing the degradability of 
these materials is addition of cheap biodegradable filler to the 
structure of Purs, which can partly or fully substituted one 
of the raw material, mostly polyol. Several research works 
using bio-polyols containing more than one hydroxyl group 
(-oh) in the main chain suitable for coupling reaction has 
been carried out.3–7

in this paper, new elastomeric Pus with specific mecha-
nical as well as biological properties were prepared by one-
shot process. Commercial non-degradable polyether polyol 
derived from petrochemical feed stocks was partly substi-
tuted by the bio-polyols based on cellulose or starch derivati-
ves. Prepared samples were tested for mechanical properties 
by tensile measurements. moreover, the biodegradability was 
evaluated by thermophilic bacteria.

experimental
Briefly, water-free tolylene diisocyanate (tdi), water-

free polyether polyol (PeP), tin catalysts and degassed bio-
polyol (cellulose or starch derivatives) were mixed together in 
one shot process, stirred under the vacuum and poured into the 
1 mm thick metal frame placed between two polypropylene 
sheets. the reacting mixture was left to cure for 2 days at labo-
ratory temperature. cellulose or starch derivatives with diffe-
rent degree of substitution (dS) of -oH groups like acetylated 
starch (Ds = 0.1), acetylcellulose (Ds = 2.4), 2-hydroxye-
thylcellulose (Ds = 0.6) and carboxymethylcellulose sodium 
salt (dS = 0.7), aS, ac, cmc, Hec, respectively, were used 
for substitution of common PeP in amount from 1 to 10 % wt. 

s c a n n i n g  e l e c t r o n  M i c r o s c o p y  ( s e M ) 
 the samples morphology was observed on Sem Fei 
Quanta 200 mk2 microscope at 20 kv. Specimens were fro-
zen in liquid nitrogen and broken. 2 nm thin layer of gold and 
platinum (60 : 40 wt. ratio) was deposited onto the breaked 
surfaces. the magnification of 1500 times was applied with a 
view to see incorporation of bio-polyol particles into the Pu 
matrix.

t e n s i l e  M e a s u r e m e n t s
Prepared samples were tested on Zwick Z010/roell 

machine according to iSo 527–2/5a/50. the measurements 
proceeded on 500 n head at the velocity of 50 mm min–1 and 
0.2 n pre-load at the laboratory temperature. the dimensi-
ons of cut dumb-bells testing specimens were 75 mm long 
and 4 mm wide in the middle part with 1 mm thickness. each 
sample was measured 5 times and data were averaged to get 
the standard deviation.

B i o d e g r a d a b i l i t y  e v a l u a t i o n
resulting Bio-Pu elastomers filled with ac, aS, cmc 

and Hec were undergone microbial degradation using a 
bacteria of mixed thermophillic culture namely Thermophil-
lus sp. that produce a large amount of hydrolytic enzymes 
capable of degrading polymeric materials. 0.25 g of each Pu 
sample was degraded at 60 °c for 100 h under permanent 
shaking in 100 ml of media. in regular intervals the concent-
ration of biomass (g of cells dm-3 of medium), chemical oxy-
gen demand and glucose concentration were determined as 
well as the total weight loss of modified Pu samples after the 
biodegradation.

results
M o r p h o l o g y

 Based on the Sem pictures (Fig. 1.) of Pu speci-
mens it is evident that all added fillers were not dissolved 
in polyol and prepared samples have character of composite 
materials. Fig. 1.a shows one big particle of cmc (approx. 
250 μm) with bad adhesion to the Pu matrix. the surface of 
Hec particles looks flat with several sharp borders showing 
little bit better adhesion to the matrix than CMC (fig. 1.b). 
on the other hand, some molecules from the bio-filler surface 
could be dissolved in the polyether polyol and thus integrated 
to the polymer structure. this probably happened in the case 
of aC and as bio-polyol because their surface is smooth and 
particles are fully incorporated in Pu matrix (fig. 1.c and d).  
the aC particles are strongly porous and their adhesion to the 
matrix is very good. there is no evident separation between 
the ac and Pu surface. However, specimens filled by aS 
shows excellent adhesion to the Pu matrix which either stays 
on the surface of particles or the particle breaks apart with the 
matrix during the breaking of the specimen. 

all mentioned Sem pictures show evident influence 
on both size and chemical composition of filled bio-polyols 
on the modified Pur morphology. the best adhesions show 
both aC and as even if their particle sizes and shapes are 
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different. However, the morphology does not say anything 
about the mechanical properties of resulted polymer compo-
site materials, which have to be evaluated by tensile measu-
rement.

t e n s i l e  C h a r a c t e r i s t i c s
Based on the stress-strain curves all prepared specimens 

behaved like tough materials without yield point. the rea-
ching the elasticity limit was followed up by a long exten-
sion ended with the break. Better elongation at break then 
reference Pu sample embodied only specimens having 1 and 
5 % wt. of cmc and all Pu elastomers filed with hyperbran-
ched aS polysaccharide. Fig. 2. shows that the addition of the 
bio-filler increased the Young’s modulus in all cases except 
the specimens filled with 1 % wt. of Hec, ac and aS, which 
should not be taken into deep account due to the relatively 
high standard deviation of ey. 

Based on the results it is evident that there are two 
groups of fillers which influence the properties of final mate-
rial. cmc, Hec and ac forms the first group of the linear 
cellulose molecules incorporated in Pu matrix. 1 % wt. of 
these bio-polyols in Pu matrix increase the tensile strain at 
break εB [%]of prepared specimen and in the case of 1 % wt. 
of cmc also tensile stress at break σB [mPa]. σB of 1 % wt. 
of Hec and ac is lower than σB of reF. all cellulose based 
derivatives filled specimens with content of 5 % wt. of fillers 
in polyol part have increased σB but only in case of 5 % wt. 
of cmc increased also εB. in case of substitution of 10 % wt. 
of polyol by CMC, heC or aC have all specimens slightly 
increased σB but decreased εB, whereupon, it is possible to 
say that only addition of 5 and 10 % wt. of cmc can improve 
the mechanical properties of Pu matrix, which correspon-
ded with stress-strain curves, even if Sem microscopy had 
not proved good adhesion of CMC to Pu matrix. the CMC  

particles are probably very tough composed of long agglo-
merated fiber, which might improve the elongation during 
the mechanical straining. on the other side, porous particles  
of aS showing good adhesion resulting in increase the 
Young’s modulus but also reduce the elongation at break.

the second group include the specimens made of polyol 
partly substituted by aS which consists of branched amylo-
pectin and linear amylose whose -oH groups of their poly-
mer chains are partly substituted by acetate group – C(o)Ch3 
with degree of substitution dS = 0.1. addition of 1 % wt. of 
aS has increased εB and its values of σB are very close to 
reF sample whereas addition of 5 and 10 % wt. have both 
values higher resulting in improved mechanical properties of 
above mentioned samples in comparison with reference Pu 
elastomer also proved by seM pictures. starch particles are 
probably more flexible then cellulose ones implicating the 
increase in elongation at break.

B i o d e g r a d a t i o n
the growth of thermophillic bacteria in the presence of 

control and modified Pu elastomeric films is illustrated in 
Fig. 3. it is evident that Pu films weakly inhibited the initial  

 a 	b

	c 	d

fig. 1.  1,500 × magnification of PU matrix filled with CMC (a), 
hec	(b),	ac	(c)	and	as	(d)

fig. 2.	 young’s	moduli	of	prepared	specimens

fig. 3.	 Growth	of	thermophillic	bacteria	in	the	presence	of	Pu	
biofilms filled with AC (),	cmc	()	as	()	and	control	()
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growth phase of bacterial culture where the lag-phase is 
dependent on the type of modification agent.

conclusions
Proposed work proved that synthesis of the new cost-ef-

fective biodegradable Pu elastomers can improve mechani-
cal properties of commercially available polyurethane mate-
rials. applied methods showed that prepared samples have 
character of particle reinforced composite materials. 

in a pilot study, biodegradation of modified polyure-
thane elastomers by mixed culture of thermophillic bacteria 
exhibited unusual growth characteristics strongly dependent 
on the type of biopolymer filler.

This work was supported by the Ministry of Education, 
Youth and Physical Training of the Czech Republic under the 
research project no. MSM 021630501.
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introduction
Contribution describes simulation of selected supermo-

lecular structures: dendrimers and collagen fibril. research 
was focused to relation between its supermolecular structure 
and macroscopic physical properties derived from the 
structure.

dendrimers are synthetic macromolecules with regular 
and highly branched architecture. they are synthesized with 
series of controlled reactions, where each step (generation) 
results in an exponential increase in the number of mono-
mers1. structure of such materials has also impact on their 
applications such as catalysis or biomedical applications2,3. 

they are interesting from viewpoint of theoretical 
research because they have simply defined supermolecu-
lar structure. it enables building a model of such structures 
with high fidelity. Second, they have no more stuctural levels 
between supermolecular and macroscopic structure. this 
enables instant validation of modeling results with measured 
properties. Mainly the dendrimer solutions are described in 
literature. therefore, modeling of its solvation can be useful.

collagen is fibrous protein that is found in connective 
tissue – bone, tendons, and skin. this function requires spe-
cial properties.the crucial property is high elasticity. the ten-
dons are deformed and relaxed many times during life. Dissi-
pation of a lot of energy could lead to its damage. Moreover, 
the plastic deformation would lead to permanent deformation 
of tendons. neither dissipation of energy nor the permanent 
deformation is observed in nature.

one of collagen components is composed from complex 
helical structure. three factors were taken into account: triple 
helical supermolecular structure, presence of strong inter-
molecular interaction, and the layout side chains outside the 
triple helical structure5. Model can be hepful in analysis of 
the factors. unlike real experiment, in the model one factor 
can be switched off and isolated effect other factors can be 
analyzed separately.

experimental
Bulilding of supermolecular structures as well as defor-

mation and salvation of supermolecular structures were per-
formed by in house software. 

molecular simulations and visualization were realized 
by general public license software GromacS 6 and argus-
Lab7.

B u i l d i n g  S t r u c t u r e  o f  d e n d r i m e r 
a n d  i t s  s o l v a t i o n

input properties of dendrimers are shown in Fig. 1. the 
result of the model is a molecule. the molecules were built 
either in vacuum or in water.

B u i l d i n g  s t r u c t u r e  a n d 
D e f o r m a t i o n  o f  C o l l a g e n  f i b r i l s

Parameters of collagen triple helix are shown in Fig. 2. 
Builder outputs are analogous to previous chapter.

the structure was optimalized by energy minimalizaion 
method. a deformation was applied to the collagen fibril by 
position restrains.

results
s o l v a t i o n  o f  D e n d r i m e r s

Dendrimer of Ch2 group was build of 1st, 2nd and 5th 
generation. the structures were optimized in vacuum. intro-
duction of solvent led to steep increase of potential energy. 
3.7 × 106 kJ mol–1. 

However, the increase of energy may be caused by 
repulsive intermolecular energy. two atoms were in close 
vicinity. the interactions must be analyzed and dendrimer 
builder with higher fidelity should be programmed.

fig. 1.	 Parametrization	of	dendrimer	molecule

fig. 2.  Parametrization of collagen fibril
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D e f o r m a t i o n  o f  C o l l a g e n  f i b r i l s
First, structure of collagen without hydrogen bonds was 

built. Structure was optimized. the combination of triple 
helix and weak London interactions were sufficient to con-
serve main helices; however, they were not sufficient to con-
serve secondary helix. in this structure, increase of energy 
during deformation was lower than statistical deviation of 
energy in undeformed strate. thus, the deformation was not 
calculated. 

in case of structure with hydrogen bonds, increase of 
energy was significant. deformation was performed until 
the elongation limit 0.0035 nm. the resulting force is shown  
in fig. 3.

until elongation 0.001 nm no force was registered. then, 
the interaction increased. the atoms were probably slightly 
out of equilibrium in the first phase of simulation.

conclusions
Properties of selected supermolecular structures: den-

drimers and collagen fibrils were investigated. they were 
calculated by molecular mechanics method. First process was 
salvation of dendrimer by water. energy of molecular box 
increased significantly during solvation. it is not in correla-
tion with real solution. the factor responsible for increase of 
energy should be analyzed. Deformation of collagen model 
molecule corresponded to real behavior of collagen fibrils.

This work was supported by Ministry of Education under 
grant MSM 0021630501.
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