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Preface.

PREFACE
Fruitful cooperation with industry enables implementation of the conference in broad extent designed by the
organizers. The conference committees are pleased to offer
accompanying social programme that might contribute to
successful course of the conference.
Dear participants of the 5th Chemistry and Life
conference, 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.

Dear participants of the Chemistry and Life 2011
conference, like three years ago, this year a special issue of the
Chemické listy Journal with contributions presented at this 5th
successive conference Chemistry and Life has been delivered
to you again 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
Organizing Committee has received more than 300 contributions that will be presented in four sessions. Besides the
traditional attendance of Czech and Slovak chemists we also
appreciate increasing number of contributing scientists and
researchers from abroad.

Prof. Jaromír Havlica,
Dean of Faculty of Chemistry of BUT
Chairman of the Scientific Committee
of the Chemistry and Life 2011 conference
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(PLS-LDA) was employed for markers processing. In Figure
2, LDA separation of 4 carp groups grown under different
feeding conditions (farming: natural pond/fish pond vs. natural
feed (benthos)/supplementary feed (triticale) is shown. In this
case, a prediction ability of 100% was obtained using negative
DART–TOFMS spectra.

PL1
METABOLOMICS: A CHALLENGING TOOL FOR
THE ASSESSMENT OF THE ENVIRONMENTAL
IMACTS ON FOOD CHAINS
JANA HAJŠLOVÁ, LUKÁŠ VÁCLAVÍK, TOMÁŠ
ČAJKA, JANA PULKRABOVÁ and VLADIMÍR
KOCOUREK
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Department of Food Chemistry and Analysis, Institute of
Chemical Technology, Prague, Technická 3, CZ-16628
Prague 6, Czech Republic
jana.hajslova@vscht.cz
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At the time of its emergence, metabolomics was mainly
viewed as an advanced, specialised tool of analytical
biochemistry enabling innovative research on plants and other
organisms. Recently, this “omics” strategy centred around
detection of the broadest possible range of small molecules
(<1,500 Da) in complex biological matrices using a single or
small number of analyses has also been introduced into
various fields environmental sciences. Metabolomics may be
used either for “fingerprinting” of samples to perform e.g.
comparative analyses aimed at detection of differences or for
“profiling” in which individual, differential sample components (markers) are identified for further investigation.
A lot of scientific effort has been spent to develop rapid,
reliable, and cost effective analytical approaches applicable
for effective fingerprinting/profiling examinations. Besides of
spectroscopic techniques employing nuclear magnetic resonance (NMR), Raman, or infrared spectra, a wide range of
methods based on gas chromatography–mass spectrometry
(GC–MS), and/or high-performance liquid chromatography
(HPLC) hyphenated to MS with atmospheric pressure ionisation (API) have been implemented for this purpose.
Over the few recent years, a large number of novel
ambient desorption ionisation techniques, have become
available. When coupled with high resolution MS, chromatographic sepatration can be omitted. The main advantages of
ambient MS involve: (i) easy method development and optimisation, (ii) significantly reduced workload and, consequently (iii) increased laboratory throughput. One of the most
challenging ionization techniques in this field has become
Direct Analysis in Real Time (DART), which was used in our
study for metabolomic fingerprinting1. The generated mass
spectra were used to assess an extent and nature of metabolome responses in carp (Cyprinus carpio) under various stress
conditions occurring in the aquatic environment (samples
obtained within the COST 867 project2). Generally, it should
be noted, that concerns on stress issues are not only associated
with welfare of farmed fish but also distinct relationship
between aquaculture practices and quality of fish has to be
taken into consideration. Interestingly, several earlier studies
documented the influence of feeding history on the start of
stress response demonstrated by changes in levels of various
markers in plasma; the symptoms were more pronounced in
well fed fish compared to those rather starving prior to
sampling.
In our experiments we separately examined nonpolar and
polar fraction of the extracts obtained from various experimental fish. An example of positive and negative mass spectra
obtained by DART–TOFMS technology is shown in Figures
1A and 1B. Partial least squares–linear discrimination analysis
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Figure 1. DART–TOFMS mass spectra of (A) nonpolar and
(B) polar fish extracts.

Figure 2. Score plot of two discriminant functions of LDA
calculated from DART–TOFMS spectral data of carp samples
fed under different conditions: natural pond/natural feed (leftdown), natural pond/supplementary feed (left-up), fish
pond/natural feed (right-down), fish pond/supplementary feed
(right-up)
This work was supported by the Ministry of Education, Youth
and Sports of the Czech Republic (projects COST 867–
OC09063 and MSM 6046137305).
REFERENCES
1. Hajslova J., Cajka T., Vaclavik L.: Trend Anal. Chem.
30, 204 (2011).
2. http://w3.cost.esf.org/index.php?id=181&action_number
=867 [cit. 2011-11-05].
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dissolution of larger biomolecular structural complexes.
Changes in the localized water structuring can extend to affect
other biomolecular structuring at considerable distance, in
molecular terms, thus acting as a rapid signalling mechanism
outpacing metabolite diffusion.

PL2
ENGINEERING ADVANCED MATERIALS THROUGH
PRE-STRESSED DOUBLE NETWORK POLYMER
SYSTEMS
ALAN J. LESSER
Polymer Science and Engineering Department, University of
Massachusetts, Amherst, MA 01003
This presentation illustrate how the application of an external
pre-stress can alter the fracture mechanisms and significantly
increase the fracture toughness of glassy polymer systems
under specific pre-stress states. Innovative process methods
are introduced to fabricate pre-stressed double network glasses
over a range of crosslink densities of each network. Basic
physical and mechanical properties of these systems are
evaluated as well. Finally, the concept of pre-stressed double
networks is also extended to elastomeric systems and
hydrogels and results are presented showing how this process
method affects basic thermo-elastic and hygrothermal
behavior of these systems.

Figure 1. Electron and proton delocalization in a water
pentamer (H2O)5. Shown is molecular orbital eleven out of
twenty-five showing the electron overlap possible for
extended hydrogen bonding.
Most of these concepts run counter to the commonly
held belief that liquid water may be treated as other liquids.
This is particularly true when referring to the water inside live
cells. Ignoring these recent advances is an obstructive
philosophy that runs counter to experimental science and
holds up progress in the life sciences. This lecture attempts to
put the record straight and describe the true picture of the
function of liquid water within cells.

PL3
WATER IN THE CELL
MARTIN CHAPLIN
London South Bank University, Borough Road, London SE1
0AA, UK.
martin.chaplin@btinternet.com

REFERENCES
1. http://www.lsbu.ac.uk/water/index2.html
[cit.. 2011-22-05].
2. Del Giudice E., Fuchs E. C., Vitiello G.: Water 2, 69
(2010).
3. Chaplin M. F., Opinion: Nature Rev. Mol. Cell Biol. 7,
861 (2006).

Everyone knows some of the properties of liquid water.
Often they think of these properties as typical of liquids in
general; for example, most people mistakenly believe most
liquids dissolve gasses less well at higher temperatures.
However liquid water only behaves similar to most other
liquids at very high temperatures (i.e. when superheated) and
atypically behaves strangely at low temperatures. Overall,
liquid water can be considered as an intimate mixture of two
miscible liquid phases, one predominant at lower temperatures
and the other predominant at higher temperatures1. Hydrogen
bonding is generally said to be the cause of these phenomena
but confusion still exists over what ‘hydrogen bonding’ in
water entails. No longer should we simply describe (or model)
liquid water in terms of individual water (H2O) molecules or
describe water’s hydrogen bond as simple electrostatic
interactions between discrete molecules. We must consider
both proton quantum effects and extensive electron
delocalization2 within network(s) of water molecules (i.e.
neither water’s protons nor its electrons are pinned to
individual molecules).
Within the cell, the structuring of liquid water is
intimately linked with the surface properties of the biological
molecules. Biomolecules affect both the localized and lesslocalized clustering of the water molecules as well as
pathways of electron and proton delocalisation. However in
processes of at least equal importance, the water molecules
affect the three-dimensional structure and surface topography
of the biomolecules3. Also affecting the water structuring are
the concentration and electrical charge distribution on the
lower molecular weight solutes present and the formation or

PL4
THE DEVELOPMENT OF SILICATE MATERIALS
FOR BIOMEDICAL APPLICATIONS
MARTIN T. PALOU, GABRIELA LUTIŠANOVÁ, JANA
KOZÁNKOVÁ and JÁN LOKAJ
Institute of Inorganic Chemistry, Technology and Materials,
Faculty of Chemistry and Food Technology, STU Bratislava,
Radlinského 9, 812 37 Slovakia
The silicate materials are the largest worldwide available
materials, representing approximately 90 percent of the
Earth´s crust and the most used in different branches from
traditional to advanced ceramics, cements, glass, electronics,
semiconductors, composites and biomaterials. Contrary to
carbon compounds that can be found in gaseous, liquid or
solid state forming macromolecules (polymers), silica or
silicium oxide exists generally in solid state as tetraeder
forming different channels and structures. Silica is chemically
bond with different oxides (Al2O3, CaO, ZrO2, MgO) to form
s877
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The formation of hydroxyl carbonate apatite (HCA)
layer on the surface of glass and glass ceramics under different
conditions has been proved in simulated body fluid (SBF) by
SEM, FTIR and EPMA methods.

compounds with specific properties. Apart from metals and
their alloys, polymer and silicate based materials have found
applications in biomedicine as implants to replace or to repair
damaged hard and soft tissues.
There are a large range of silicate materials that have
been explored to be used as implants or part of biocomposite
mate-rials. Calcium silicate based materials known as
wollostonite (CaSiO3) were considered as a potential bioactive
material for bone tissue regeneration due to their osseointegration properties1. The mechanism of biomineralisation in
tissue regene-ration process is dependent on functional groups
Si-OH (formed on the surface of wollastonite after immersion
in simulated blood fluid) which provides the bonding interface
with tissues. These functional groups act as nucleation center
for the precipitation of hydroxyapatite phase on the surface of
implants. Unfortunately, wollastonite is highly soluble and
hence its application alone enhances the pH of biological
environment and affects the activities of cells. In order to
retard the solubility of wollastonite, glass and glass ceramics
in CaO-SiO2-Na2O with addition of CaO-P2O5 were developed, commercialized and applied. The strongest composite
mostly used as bioactive material is phosphate-silicate-apatite
glass and related glass-ceramics denoted as A/W (apatitewollastonite) containing a dispersion of tetragonal Zirconia2
Attempt has been undertaken to make biomaterials from
silicate white cement rigid paste after full hydration. However,
such ideas have not received positive echo, as the solubility of
implant may enhance the pH of biological environment3.
In the last years, much attention is paid to the development of biomaterials based on lithium silicate as glass and
glass ceramics. Though the primary ideas of the development
of LS2 glass and glass ceramics was to verify the Classic
Nucleation Theory (CNT), today multicomponent lithium
disilicate glass and glass ceramics have found usage in dental
application as crowns or bridges due to their mechanical,
optical, thermal and chemical properties.
The development of lithium disilicate glass ceramics
with high mechanical strength is based on control of volume
nucleation by phase separation of the base glasses.
Translucent, high-strength and pressable lithium disilicate
glass ceramics were prepared by Schweiger et al. in the system
with the composition of (57 - 80) % SiO2, (0 - 5) % Al2O3,
(0,1 - 6) % La2O3, (0 -5) % MgO, (0-8) % ZnO, (0-13) %
K2O, (11 - 19) % Li2O, (0,5 - 11) % P2O5, (0 - 6) % additives
and (0 - 8) % coloring substances (wt. %)3. Flexural strength
of this material achieves the value of (300 - 400) MPa. Highstrength and machinable glass ceramics were formed from the
ZnO-free system with the composition of (64 - 73) % SiO2,
(13 - 17) % Li2O, (0,5 - 5) % Al2O3, (2 - 5) % K2O, (2 - 5) %
P2O5 (wt. %)4.
Our recent work was aimed at the development of
lithium disilicate glass and glass ceramics with addition of
different amount of CaO, P2O5, F to form different amount of
fluorapatite5-8.
The optical properties of these samples were investigated
via method developed by Majling based on optical transparency (or optical opacity) due the nucleation and crystal
growth as consequence of heat treatment9.
Besides the appropriate mechanical properties (hardness), the glasses and glass ceramics based on LS2 have been
tested to demonstrate bioactive properties according the P2O5
content, temperature treatment, static and dynamic regime and
medium9.

This work was supported by the Slovak Academy of Sciences
VEGA, grant No. 1/0934/11.
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PL5
OXIDATION OF MARINE PHOSHOLIPIDS
TURID RUSTAD1, REVILIJA MOZURAITYTE2, IVAR
STORRØ2 and VERA KRISTINOVA1,2
1

Department of Biotechnology, Norwegian University of
Science and Technology, KjemyIII 313, Sem Sealands vei 8,
Trondheim, Norway, 2SINTEF Fisheries and Aquaculture,
Trondheim, Norway.

The beneficial effects of long chain polyunsaturated fatty
acids (especially EPA and DHA) on human health are well
documented. Therefore marine lipids is an important ingredient in foods. However, due to the high content of polyunsaturated fatty acids, marine n-3 fatty acids are highly
susceptible to oxidation, which leads to formation of offflavours and in some cases even toxic compounds. In order to
be able to prevent oxidation of marine lipids, more knowledge
on the kinetics of lipid oxidation is needed. Studying lipid
oxidation is complicated as the the number of products formed
is very large and there is a lack of reliable methods for
determination of oxidation products.
We have developed a model system that enables us
to follow oxidation of marine lipids continuously. The system
is based on measuring consumption of dissolved oxygen by
polyunsaturated fatty acids that is used to quantify the oxidation in terms of oxygen uptake rate. This method is fast and
makes it possible to study the effect of different prooxidants,
such as haemoglobin and iron, as well as antioxidants on lipid
oxidation. The effect of physical and chemical parameters
such as: temperature, pH, and concentration of anions and
cations, can also be studied. This has led to development of
mathematical models, showing that it is possible to model the
rate of oxidation in liposomes. The study of oxidation kinetics
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has also led to a better understanding of oxidation mechanism
of long chain polyunsaturated fatty acids. The system was also
successfully used to study the effect of different antioxidants
(chelators and phenolic compounds) on lipid oxidation. Antioxidant studies showed that in order to select a proper antioxidant, the type of prooxidant in the system should be known.
Reducing the pH of food will increase microbial
stability, but our study also shows that this can also reduce
oxidative stability of marine lipids. Due to this, the effect of
the physicochemical environment such as pH on the effect of
prooxidants and antioxidants and thereby on oxidative stability
of marine lipids should be well understood in order to
maintain good oxidative quality of mairne lipids.
Reducing the pH of food will increase microbial stability. Our study shows that this can also reduce oxidative
stability of marine lipids. The slowest oxidation occurs near
neutral pH. Our study shows that both effect of prooxidants
and antioxidants can be changed by changing pH. The solubility of iron increases when the pH decreases. However,
a decrease in pH also leads to increased concentration of
positive ions near the negative liposome surface, resulting
in a reduced attraction of positive Fe2+ to the surface where
oxidation occurs. Those two factors (solubility and attraction)
have opposite influence on oxidation making it difficult to
predict. The highest oxidation occurs at pH between 4 and 5.
Chelating agents can contribute to reduce iron induced
oxidation. Among the tested chelators, EDTA was the most
effective one. However, when decreasing the pH (pH<3,8),
the lipid oxidation increased due to the reduced ability
of EDTA to bind iron.
Also a phenolic antioxidant propyl galate, affects ironmediated oxidation differently, being a pro-oxidant at pH
<3,5. Due to this, other strategies to reduce oxidation at
pH<3,8 should be sought. Proteins are also known to be good
antioxidative compounds. Casein showed an extremely good
inhibiting effect on oxidation. However, the effect of the
studied proteins was reduced by reducing the pH.

reddish-brown rock discovered in Lex Baux, France, in 1821.
But it was not until 1886 that chemists finally discovered an
economical way to separate pure aluminium from its ore.
In 1886, two young chemists Charles Martin Hall of the
US and Paul L.T. Héroult of France, both of age 22,
independently discovered the way to produce aluminium
economically. Industrial production of aluminium is carried
out in alumina (Al2O3) reduction cells by the process named
after its inventors Hall-Héroult process1. Aluminium oxide is
dissolved in molten cryolite (Na3AlF6). The electrolyte is
modified by addition of aluminium fluoride (AlF3), calcium
fluoride(CaF2) and in some cases also by other additives
(mainly fluorides). A strong electric current passes through the
electrolyte and removes the oxygen, leaving deposits of nearly
pure liquid aluminium on the bottom of the cell (t~950 °C).
The oxygen reacts further with the carbon anodes and thus
gradually consumes them by the formation of gaseous carbon
dioxide (CO2). The overall chemical reaction of dissolved
alumina with carbon to form liquid aluminium and gaseous
carbon dioxide may then be written:
Al2O3 + 3 C = 2 Al + 3 CO2

(1)

An important progress has been made on industrial cells
since 1980 in current efficiency; cell size; higher amperage
(Fig. 1); longer cell lives; health, environment and safety; and
modernisation of old cells.
Fig. 2 represents world primary aluminium production in
2010. Development in fluoride emissions from aluminium
smelters can be expressed as kg fluoride per tonne of
aluminium produced: 1st Generation Plants (1940-1955) 12 15 kg per tonne; 2nd Generation Plants (1955-1975) 2 - 6 kg
per tonne; 3rd Generation Plants (1975-1995) 0,3 – 1,3 kg per
tonne; 4th Generation Plants (1995-today) 0,1 – 0,7 kg per
tonne.
500

PL6
NEW TRENDS IN ALUMINIUM ELECTROLYSIS
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JÁN HÍVEŠ and PAVEL FELLNER
Slovak University of Technology in Bratislava, Faculty of
Chemical and Food Technology, Radlinského 9, 812 37
Bratislava
jan.hives@stuba.sk
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Aluminium, the third most abundant element in the
earth´s crust was first time introduced to the public at the Paris
Exposition of 1855. Sir Humphry Davy gave aluminium its
name in 1808. It took 17 years when Danish chemist Hans
Christian Oersted finally produced a sample of aluminium,
albeit very impure, by chemical way. Over next 20 years
Friedrich Wöhler improved this process by using metallic
potassium. Henri Sainte-Claire Deville substituted potassium
with less expensive sodium in 1854 and was able to produced
enough aluminium for display at the Paris Exposition of 1855.
At that time, pure aluminium was valued at 80 € per pound,
more expensive than gold.
Aluminium has a very high affinity for oxygen and never
occurs in its metallic form in nature. It is made from bauxite, a
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Figure 1. Increases in operating current of the electrolytic cells
since the discovery of the Hall-Héroult process in 1886.
There is no doubt that fundamental research has made a
significant contribution to the recent advances in aluminium
electrolysis technology. However, at present there are few
universities involved in fundamental research on the HallHéroult process. Listed alphabetically, the universities in
Auckland, Bratislava, Shenyang, and Trondheim appear to be
most active in this field.
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Figure 2. Primary Al production in 2010.

This work was supported by MŠVVŠ SR, grant No. 1/0579/10.
REFERENCES
1. Thonstad J., Fellner P., Haarberg G. M., Híveš J., Kvande
H., Sterten Å., in the book: Aluminium ElectrolysisFundamentals of the Hall-Héroult Process, 3-rd Edition,
Aluminium-Verlag, Düsseldorf, Germany, 2001.

s880

Chem. Listy 105, s871 – s1072 (2011)

Physical & Applied Chemistry – Invited Lecture
resulting in neutral H2O and the protonated substance molecule. By chance the PAs of all common air constituents (N2,
O2, Ar, CO2, etc.) are much lower than the PA of water, so the
air itself can act as a buffer gas and only the trace compounds
in the air sample will get ionized.
Following the drift tube a mass spectrometer analyzes the
product ions. As a result of this technique and its well known
parameters, one gets highly accurate concentration readings
in real-time (about 100 ms reaction time) without the need
of sample preparation down to a typical detection limit below
the single digit pptv region.
While utilizing a quadrupole mass filter has its advantages, the limited mass resolution makes the identification of unknown substances somehow difficult. Therefore we recently
coupled our well established PTR ion source with a high
resolution (m/Δm up to 8000) time-of-flight (TOF) mass
analyzer. This so-called PTR-TOF 80004 and PTR-TOF 20005
is due to its high mass resolution capable of separating isobars
(e.g. ketene and propene) and full spectra are acquired in splitseconds, while still achieving a detection limit of below 10
pptv.
Another "limitation" of PTR-MS so far, was that only
H3O+ could be used as primary ions. Therefore, we recently
developed the so-called "switchable reagent ions" (SRI)
source6. It is now possible to choose from H3O+, NO+ and O2+
as reagent ion with a switching time below 10 s. While all
advantages of PTR ionization are preserved with H3O+,
electron transfer ionization extends the number of substances
that can be analyzed (for instance the very important
molecules ethylene and acetylene, which possess lower PAs
than water). NO+ (which is produced in high purity from
normal air without the need of a NO cylinder) as a primary ion
leads to a different benefit because NO+ interactions with
aldehydes follow the reaction: NO+ + XH → X+ + NOH
whereas ketones follow: NO+ + XH → XH+ + NO (and
clustering). This means that we can even detect isomeric compounds on different nominal masses and can identify them
unambiguously.
Moreover, here we will demonstrate proof-of-principle
investigations about all common solid explosives, several
chemical warfare agent (CWA) analogues and in addition
illicit and controlled prescription drugs. It will be shown that
not only the sensitivity of PTR-MS and ET-MS instruments
is sufficient to detect explosives with their rather low vapor
pressures via direct headspace sampling at room temperature,
but the techique also provides a selectivity that allows for
unambiguous identification and therefore avoids false positives or false negatives.

1-IL
CHARGE TRANSER MASS SPECTROMETRY:
FROM PROTON TRANSER (PTR-MS) TO ELECTRON
TRANSFER (ET-MS) IONIZATION MASS
SPECTROMETRY AND THEIR APPLICATIONS
TILMANN D. MÄRK1,2, BISHU AGARWAL1,2, KURT
BECKER3, ACHIM EDTBAUER1, STEFAN
HAIDACHER1, GERNOT HANEL1, EUGEN
HARTUNGEN1, STEFAN JAKSCH1, ALFONS
JORDAN1, SIMONE JÜRSCHIK1,2, CHRISTOPHER
MAYHEW4, LUKAS MÄRK1, FREDRIK
PETERSSON1,2, HANS SEEHAUSER1, RALF
SCHOTTKOWSKY1 and PHILIPP SULZER1
1
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Proton Transfer Reaction- Mass Spectrometry (PTRMS) is by now a well established technique in trace gas
analysis. It offers many advantages, including such as realtime analysis, no sample preparation, very low detection
limits, high selectivity and very short response time. These
many advantages have made it an ideal tool for many
applications ranging from atmospheric chemistry, food
science, biological research, process monitoring and quality
control, biotechnological questions, all the way to medical
applications.
Here we will present several recent in instrumental
developments in PTR-MS, including the following: (i) the
improvement of the detection limit allowing now for
measuring trace gas compounds in a concentration range from
several ppmv down to the ppqv (parts-per-quadrillion) region
with a typical response time well below 100 ms, (ii) a mass
resolution up to m/Δm = 8000 for the latest PTR-TOF-MS
instrument, (iii) the development of the direct aqueous
injection (DAI) technique, which allows the direct
measurement of trace compounds even in liquid samples1, and
finally (iv) the so-called "switchable reagent ions (SRI)"
feature, i.e. the possibility to switch between H3O+, NO+ and
O2+ as reagent ions allowing now to detect compounds with
PA values below that of the water molecule. This feature has
very recently been extended to other reagent ions and in
general takes PTR-MS into the wider field of charge exchange
mass spectrometry as these additional reagent ions react via
electron transfer (ET) and other ion molecule reactions.
In a typical PTR-MS instrument2,3 water vapor from
a distilled water reservoir is converted into hydronium (H3O+)
in a high performance hollow cathode ion source. This source
is designed in a way that the purity of H3O+ ions extracted out
of this primary ion source reaches values of up to 99%, thus
making a signal-diminishing mass filter (e.g. quadrupole ms as
used in instruments based on technologies similar to PTR-MS,
e.g. SIFT-MS) for purifying the primary ions obsolete. Subsequently the H3O+ ions are injected into a drift tube together
with the air sample to be analysed. Whenever a substance
present in the air sample has a proton affinity (PA) that is
larger than the PA of water, proton transfer takes place
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hydrogen: with a left and a right side orientation of the
electron in their structure. Very important is symmetry and
self-organization of real ring structures.
The exact analysis of real physical problems is usually
quite complicated, and any particular physical situation may
be too complicated to analyze directly by solving the
differential equations or wave functions. Ideas as the field
lines (magnetic and electric lines) are for such purposes very
useful. A physical understanding is a completely nonmathematical, imprecise, and inexact, but it is absolutely necessary
for a physicist1. It is necessary combine an imagination with a
calculation in the iteration process. Our approach is given by
developing gradually the physical ideas – by starting with
simple situations and going on more and more complicated
situations. But the subject of physics has been developed over
the past 200 years by some very ingenious people, and it is not
easy to add something new that is not in discrepancy with
them.
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

1-KL
QUANTUM MODEL OF HYDROGEN ATOM
PAVEL OŠMERA
Brno University of Technology, Instituton of Automation and
Computer Scienc, Technicka 2, Brno,
osmera@fme.vutbr.cz
Fractals seem to be very powerful in describing natural
objects on all scales. Fractal dimension and fractal measure
are crucial parameters for such description. Many natural
objects have self-similarity or partial-self-similarity of the
whole object and its part1.

Figure 1. Main ideas and four differences between a classical
and the vortex-ring-fractal models
The new model of the hydrogen atom with a levitating
electron was introduced in the previous work2. There
is attractive (electric) force F+ and (magnetic) repellent force
F- :
Fn = F+ − F− =

spectrum of the atom3.

e 2 ⎛ 1 n 2d on ⎞
e 2 ⎛ 1 n 4d o2 ⎞
e2 1 ⎛ n4 do2 ⎞
⎜ − 4 ⎟⎟ =
⎜ − 4 ⎟⎟ =
⎜1 − 4 ⎟⎟
4πε o ⎜⎝ d 2
d ⎠ 4πε o ⎜⎝ d 2
d ⎠ 4πε o d 2 ⎜⎝
d ⎠

Figure 2. The fractal structure of basic particles (topology
transformations)

(1)

This work was supported by EPI Kunovice

where n is quantum number, do is distance between the
electron and the proton for n=1.
The electron structure is a semi-fractal-ring structure
with a vortex bond between rings. The proton structure is a
semi-fractal-coil structure. The proton is created from electron
subsubrings e-2 and positron subsubrings υ-2 which can create
quarks u and d. This theory can be called shortly “ring”
theory. It is similar name like string theory. Differences are
shown in Fig.1 and fractal structurs in Fig.2.
In the covalent bond pair of electrons oscillate and rotate
around a common axis. There are two arrangements of
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of the characteristic absorption and fluorescence peaks. This is
an evidence of the increased solid matter and should be related
to the suspension particle size. A detail study of the precursor
influence was carried out estimating the first derivatives of the
spectra. UV-VIS spectra from solid state samples were also
measured by exciting the sample with picosecond pulses.
On Scheme 1 a photograph image of the constructed
EPD cell is presented. The simple holder construction provides a mutual parallel position of the electrode plates, which
improves the substrate covering. The film deposition was
carried out on a preliminary structured ITO electrode controlling the voltage by Keithley 2410 SourceMeter. The dependence of the film quality on the precipitator concentration for
both MDMO-PPV and high Tg-PPV was studied. It was found
that stable MDMO-PPV films could be obtained in a wide
range of precipitator concentrations from 40 to 90%. On the
contrary the precursor range for a quality preparation of
Tg-PPV films is 40-50%.
Sandwich type ITO|MDMO-PPV|Al samples were
subsequently prepared and photoelectrical measurements was
performed by Keithley 6517A electrometer. Parallelly, same
experiments were carried out on spin-coated samples with
similar MDMO-PPV film thickness.
It was found that while structures with EPD films show
clear diode behaviors; the spin coated film ones exhibit more
symmetrical characteristics. Dependencies of the photo
generated current on the light intensity and spectral dependencies of the photocurrent was also measured. It could be
concluded that the structures with EPD MDMO-PPV films
could be utilized for solar energy conversion purpose. More
investigations have to be carried out to optimize the performance of the samples and increase the efficiency.

1-L1
ELECTROPHORETIC DEPOSITION OF THIN
ORGANIC FILMS FOR SOLAR ENERGY
CONVERSION PURPOSE
IVAYLO ZHIVKOV1,2, DANIELA MLADENOVA1,2,
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Electrophoretic deposition (EPD) have been long years
used for coating of industrial products such as automobiles1.
Recently successful EPD of thin organic films with microelectronic application was reported2.
Unlike the spin coating, where most of the solution
dropped on the surface is blown away during the spinning of
the substrate, EPD uses the precursor materials effectively,
depositing films of several hundred nanometers from low
suspension concentrations3. It is an important advantage when
thin films of low soluble conjugated polymers should be
prepared. The essential stage of the EPD process consists
of solving the material under the interest in a proper solvent,
then adding a precipitator to form and charge the suspension
particles.

This work was supported by South Moravian Region and 7th
Framework Programme for Research and Development (grant
SIGA 885).
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1-L2
FADING OF INKJET PRINTED DIGITAL
PHOTOGRAPHS AND METHODS FOR ITS
EVALUATION

Figure 1. Electrophoretic cell module with two fixed at 3 mm
ITO plate electrodes. The red colored area presents the
deposited on the ITO electrode MDMO-PPV film

MICHAL VESELÝ and PETR DZIK

The film structure strongly depends on the suspension particle
size and charge, which could be controlled by the proper
choice and mixing of the solvent and precipitator4.
This work aims to find optimal conditions for a suspension preparation and deposition of thin polymer films for solar
energy conversion purpose. Effective photoconductive polymers as MDMO-PPV and high Tg-PPV were investigated.
The properties of the suspensions and the solid state
films prepared were estimated by UV-VIS and fluorescence
spectroscopy. It could be seen from the spectra that the
increased precipitator concentration leads to a broadening

Brno University of Technology, Faculty of Chemistry,
Purkynova 118, 612 00 Brno, Czech Republic
vesely-m@fch.vutbr.cz
Inkjet printing technology became a popular technology
for printing digital photographs in the last decade. The
stability of printouts is affected by many factors, such as inkreceiving layer, ink composition, UV and visible light intensity and airborne pollutants concentration in the environment.
Interactions of radiation and pollutants with dyes in
receiving layers of inkjet printed digital photographs were stus884
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died. Relations between spectral properties of printed areas
and quantity of delivered ink were studied for selected combinations of ink and receiving medium.
The long-term lightfastness tests of selected photo papers
printed with both dye-based and pigment inks were started at
typical university indoor conditions. Simultaneously, the selected printed target were aged by accelerated way and exposed
to ozone. The kinetic studies of dye degradation were based on
VIS spectra measurement and ICC profile and gamut volume
calculations. According to obtained results the new test targets
were prepared to better understand of dye-based inks catalytic
fading.
The main results of this study are data about stability of
digital photographs made by inkjet printing technology
exposed to UV and VIS radiation and to simultaneous effect
of ozone. It is possible to forecast printed image stability and
to visualize a simulation of image deterioration caused by
exposition with UV radiation and ozone.
Colorimetric criteria as colour difference, lightness
difference, gamut volume, combination of colour coordinates
differences or combination of all mentioned quantities can not
fully describe the colour changes in prints during their fading.
Our measurements showed that the time dependent changes of
relative colour gamut volumes were found to be of great
informational value. These colour gamut volume changes
corresponded to dye degradation kinetics.

(5,5-Dimethyl-1-pyrroline N-Oxide, Sigma), Melatonin
(Sigma) and usually laboratory chemicals. The special
injections were used: spin traps (DMPO, PBN), detector of
singlet oxygen (2, 2, 6, 6-Tetramethylpiperidine), antioxidants
(special mixture of ascorbic acid, Tocopherol, Selene,
polyphenolic antioxidants). The dosage of melatonin, spin trap
DMPO and narcosis substances was carried out by injection
into the muscle of the animal. The animal was placed in the
special chamber between the magnets of EPR spectrometer
and its tail was inserted into the resonator. The animal was
under narcosis (injection). The calculations of spectral parameters were carried out using a computer connected to the
spectrometer.
A high level of the radicals was measured at hyperthyreosy, which is a common illness in human medicine. In
the literature it can be found that the free radicals are the cause
of a variety of organ and tissue damage for these diseases. At
the same time, we have shown that levels of hydroxyl radicals
can reduce chronic administration of very high doses of melatonin, which is an antioxidant and scavenger of free radicals.
This work was
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STUDY ON HYALURONAN INTERACTIONS WITH LLYSINE AND 6-AMINOCAPROIC ACID
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This paper reports the results over the investigation of
hyaluronan (HA) interactions with some aminoacids,
particularly L-Lysine and 6-Aminocaproic acid in different
kinds of aqueous environment.
Hyaluronan, a sodium salt of hyaluronic acid, as a
ubiquituous, natural and linear polysacharide composed by
repeating disacharide unit consisting of D-glucuronic acid and
N-acetyl-D-gucosamine linked with β-1,3 and β-1,4 glycosidic
bonds has become a promissing biopolymer for variety of
pharmaceutical, and cosmetic applications, e.g. drug delivery1,2.
Utilization of the native HA as a carrier of poorly watersoluble bio-active agents is fairly unfavorable due to its strong
hydophilicity. Therefore, some kind of modification of HA
needs to be carried out in order to support its interaction with
the agents2. One of the ways is a chemical modification3,4 of
HA, e.g. by grafting it with a hydrophobic chain4,5, or a
“physical modification“, which would keep the properties of
the native HA, e.g. by means of HA physical (electrostatic)

This work deals with the monitoring of free radicals
content and singlet oxygen concentrations in the tissues of
laboratory rats by EPR spectroscopy "in vivo". The aim of this
work was to determine the antioxidant effects of melatonin
and its dosage. The experiments are part of a broader, longer
term project1.
The free radicals were identified by EPR spectroscopy
and establish a spin trapping method. Used EPR spectrometer:
Bruker Biospin Elexsys, type E-540, operating in the X-band,
with rectangular resonator. Recording and evaluation of spectral parameters was carried out through programmes of Bruker
(Linux) and a graphics program Origin. The measurement was
carried out at room temperature. Spin trap was used DMPO
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interactions with cationic surfactants6 or aminogoups-containing compounds, e.g. aminoacids.
Under appropriate conditions, protonated aminogroups
of aminoacids and negatively charged carboxylic groups of
HA are able to interact with each other in terms of forming a
complex capable of carrying a drug. Such aminoacids ought to
associate with each other into aggregates, thus they need to be
amphiphilic.
The presented work brings the first overview on the HA
interactions with model aminocids L-Lysine and 6-Aminocaproic acid (6AcA), by means of rheometry, viscometry, pH
and conductivity measurements performed in aqueous conditions with altering ionic strength, pH and a form of aminoacids.
The utilized instrumental methods proved electrostatic
interactions of HA with the aminoacids by means of a
decrease in the system viscosity, analogically with the results
gained from the studies of HA interactions with cationic
surfactants7, and a decrease in relative conductivity within the
same regime of the aminoacid concentrations, namely for the
system containing high-molar mass HA and L-Lysine. The
study of HA and 6-AcA interactions showed moderate
decrease in system viscosity and in the presence of the lowmolar mass HA were nearly negligible.
The obtained results also exhibit a strong sensitivity of
the HA-aminoacids interactions against ionic strength.
Addition of NaCl above 40 mM into the system efficiently
screens the HA-aminoacid interactions. Phosphate buffer
(pH = 6) also screens the HA-aminoacids interactions.
In order to support and strengthen the HA interactions
with aminoacids, L-Lysine and 6-AcA were protonated with a
certain amount of HCl beyond their isoelectric point for a
complete protonization of the amnigroups. All methods reveal
the fortification of the interactions even for HA–L-Lysine
system; however the mechanism of HA–6-AcA interactions
seems to be more complicated than that of the former one.

-
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H
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1-L5
OPTICAL PROPERTIES OF DIKETO-PYRROLOPYRROLES FOR ORGANIC ELECTRONICS
APPLICATIONS
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Derivatives of 3,6-diphenyl-2,5-dihydro-pyrrolo[3,4-c]
pyrrole-1,4-dione, commonly referred to as DPPs, constitute
recent industrially important class of high-performance
pigments1-6 (see the parent molecule in Figure 1). They are
endowed with brilliant shades (ranging from yellow-orange to
red-violet) and exhibit exceptional chemical, heat, light, and
weather fastness. Furthermore, some of their physical properties such as high melting points are exceptional in view of the
low molecular weight relative to pigment standards. It has
been shown that the DPP units introduced into various
materials e.g. polymers, dendrimers, polymer-surfactant complexes, and oligomers results in deeply coloured, highly
photoluminescent and electroluminescent materials. Due to
their interesting properties, there is wide range of possible
applications which have been already investigated covering
for example latent pigment, charge generating materials for
laser printers and information storage systems, solid-state dye
lasers or gas detectors etc.
In order to tune the DPPs properties, we modified the
basic structure by introduction of electron donating and/or
withdrawing groups. Furthermore, solubilising groups (Nalkylation) were attached to enable solution based depostition
techniques, see Figure 1. The influence on absorption and
fluorescence is discussed and faced with the results obtained
by quantum chemical calculations.
Introduction of electron-donating groups increased the
molar absorption coefficient (ε) and was accompanied with
strong bathochromic shift. This behaviour implies that charge
separation occurs via electron delocalization leading to
creation of permanent dipole moment. Blurring of vibration
structure in absorption spectra of mono substituted derriva-

OH

H

O O
H
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Scheme 1. a) Structure formula of hyaluronan, b) formula of
L-Lysine and c) formula of 6-Aminocaproic acid
This work was supported by project COST OC08004 and by
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tives imply interaction with polar dimethylsulfoxide and
shows polar character of the mono substituted DPPs.
The effects of electron-donor (piperidino) and electronacceptor (chloro) groups on the electronic spectra were also
investigated theoretically. It was found, that in general, electron withdrawing group stabilizes both phenyl molecular
orbitals, while electron donating group destabilizes them (and
even to a greater extent)7. An electron-donor substituent
increases the electron density on the phenyl group to which it
is attached, and on acceptor C=O group of the second
pyrrolinone ring in HOMO, while in LUMO further CT is
observed to the opposite phenyl group. This indicates the
electron-acceptor character of the whole central dipyrrolinone
mainly localized on keto groups.
Introduction of the N-alkylation led to the decrease of the
ε and hypsochromic shift. First N-alkylation causes only small
change, whereas second alkylation lead to the value of ε
almoust similar to the parent, non N-substituted, DPP. This
decrease is acompanied by the hypsochromic shift and loss of
vibrational structure of the absorption. We proposed the same
mechanism as for the N-alkylated only derivatives3: the Nalkylation causes rotation of the phenyls (see the angles α and
β in Figure 1) and consequently breaks the molecule
symmetry. This causes decrease of the effective conjugation
and increases the polarity.
The fluorescence spectra of DPPs usually show small
Stokes shifts, which are significantly increased by N-substitution (e.g. alkylation) inducing higher degree of nonplanarity8. Thus, the N-substituted derivatives are promising with
respect to applications like OLED, laser, etc. The Stokes shift
between 0-0 vibronic bands in absorption and fluorescence
spectra is higher for all derivatives with electon donating or
withdrawing substituents than that for parent compound which
further supports the explanation given above.
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The oxidation processes occuring on the –NH- group
of secondary amines mostly result in the formation of Ncentred radical intermediates. On this principle, e.g. the action
of aminic antioxidants is based1. As the oxidation agents the
ions of some metals (Pb4+, Mn4+, Ag+), peroxy compounds
(peroxy acids, hydroperoxides, diperoxides), peroxy radicals
and others can be used. Generally, two types of N-centred
radicals, aminyl and aminoxyl radicals, can be generated
(Scheme 1). For their identification EPR spectroscopy is the
most convenient method.

R3

O
R1 N

β

Scheme 1: Oxidation of bifunctional secondary amines.
N

R2

Aminyl radicals R1-N•–R2 are very reactive and exhibit
the tendency towards the dimerization to hydrazines2. For their
detection the application of special techniques (e.g. flow
method, photolysis of hydrazines) is mostly inevitable. It is
worth to mention that till now the indirect detection of aminyl
radicals using spin trapping method was not practically
employed. Characteristic feature of aminoxyl radicals R1–
NO•- R2 is their substantially higher stability, stemming from
the specific structure of – NO• – fragment. Aminoxyls can be
formed from the aminyl radicals by the reaction with RO2•
radicals3. Within this contribution the application of spin
trapping technique for the detection of aminyl radicals from
some selected types of alkyl-aryl amines is reported. The
attention is also focused on some specific radical reactions,
where the alkyl substituent is attacked by the oxidation agent.
By the EPR study of the radical products formed by the
oxidation of bifunctional secondary amines the problem of the
preferentially oxidizable -NH- group is discussed.

α

O

R4

Figure 1. The basic structure of 3,6-diphenyl-2,5dihydropyrrolo[3,4-c]pyrrole-1,4 dione, also known as DPP
(structure I) and the discussed derrivatives.
This work was supported by the project "Centre for Materials
Research at FCH BUT" No. CZ.1.05/2.1.00/01.0012 from
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Alkyl-aryl amines R1-NH-R2, 1-anilino-1-phenylpentane-3-ones (1, R1= C2H5-CO-CH2-CH(Ph), R2 = C6H4X) and N-alkylanilines (2, R1 = CH3, C2H5, C6H5-CH2, R2 =
C6H5) were easily oxidized to the corresponding aminoxyl
radicals by the employment of peroxy acids. By the oxidation
with PbO2 the generated aminyl radicals were indirectly
evidenced by the spin trapping method using nitrosobenzene
as spin trap, according to Scheme 2.
Replacing PbO2 by Pb(CH3COO)4 the substantially
different reaction mechanism was observed with alkylanilines (2) having -CH2– group in the vicinity of -NHgroup (R1 = C2H5, C6H5-CH2, R2 = C6H5). In this case the
transformations of the alkyl substituents leading to the formation of C-radicals were confirmed by the application of spin
trapping technique. Specific behavior of alkyl-anilines (2)
with -CH2– fragment was observed also by their RO2•
oxidation. The gradual degradation of methylene hydrogene
atoms proceeding under transient formation of nitrones was
confirmed by the analysis of EPR spectra.
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The present work deals with the problem of extending
some notions and methods specific to systems theory, in the
domain of the numerical modeling and simulation of a thermal
explosion1-3.
The time evolution of the three state parameters:
pressure, temperature and concentration, based on experimental results, are approximated by periodical exponential
functions of the form:

Scheme 2: Spin trapping of aminyl radicals from alkyl-aryl
amines.

yAN (t) = ⎛ 1 − T1 ε − t /T1 − T2 ε − t /T2 ⎞ ⋅ K ⋅ u
⎜
⎟
T2 − T1
⎝ T1 − T2
⎠

By the oxidation of bifunctional amines X-C6H4-NHC6H4-NH-R (3, R = alkyl) with peroxy acids or RO2• radicals
the question arises, which NH-group is preferentially attacked.
Theoretically, two types of aminoxyl radicals (4, 5) can be
produced (Scheme 3)

(1)

for the increasing evolutions of pressure and temperature,
respectively of the form:
yAN (t) = ⎛ T1 ε − t /T1 + T2 ε − t /T2 ⎞ ⋅ K ⋅ u
⎜
⎟
T2 − T1
⎝ T1 − T2
⎠

(2)

for the decreasing evolution of concentration. The input signal
u0 = constant, necessary to induce the explosion, and (K) is a
proportionality coefficient. The two time constants (T1) and
(T2) are specific for each state parameter, respectively: T2 = λ.
T1 and the final time tf=10-5 s is approximated by:

Scheme 3: Radical transformations on alkyl substituent
The EPR experiments confirmed the equilibrium between
these radicals, which is influenced by the solvent and
substituent X.

tf = μ . (T1+ T2) = μ .(1 + λ). T1 = μ .(1 +

This work was supported by the Ministry of Education of the
Czech Republic under research project MSM 0021630501 and
the project of specific research No. FCH-S-11-2.

1 .
) T2
λ

(3)

where is considered μ=5 and λ=2.
The inflexion point of these evolutions results at the time:

REFERENCES:
1. Pospíšil J.: Advan. Polym. Sci. 124, 89 (1995).
2. Danen W. C., Neugebauer F. A.: Angew. Chem. 87, 823
(1975).
3. Thomas J.: J. Am. Chem. Soc. 82, 5955 (1960).

ti = T1T2 ⋅ ln ⎛ T1 ⎞ = μ ⋅ λ + 1 ⋅ ln λ ⋅ t .
⎜ ⎟
f
T2 − T1 ⎝ T2 ⎠
λ −1

(4)

The analogical model associated to the function (1) and (2)
can be expressed through the ordinary differential equation:
a0y + a1

dy
d2y
+ a2
= a 0 y 0 + a1y1 + a 2 y 2 = K ⋅ u 0
dt
dt 2

(5)

where a0 = 1; a1 = T1 + T2 and a2 = T1 . T2.
The initial conditions considered at t = t0 = 0 are: i) for
pressure: y0IC = 1; y1IC = 0; u0 = 1; ii) for temperature: y0IC =
s888
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272,96; y1IC = 0; u0 = 0,04; iii) for concentration: y0IC = 0; y1IC
= 0; u0 = 0,03.
With these preliminaries is elaborated the software in
order to obtain the numerical simulation, which operates with
the following algorithm, based on Taylor Series:

1.
2.
3.

y0 = y0IC
y1 = y1IC

1
⎡ Ku 0 − ( a 0 y0 + a1y1 ) ⎤⎦
a2 ⎣
1
⎡ Ku1 − ( a 0 y1 + a1y 2 ) ⎤⎦
y3 =
a2 ⎣
1
⎡ Ku 2 − ( a 0 y 2 + a1y3 ) ⎦⎤
y4 =
a2 ⎣
1
⎡ Ku 3 − ( a 0 y3 + a1y4 ) ⎤⎦
y5 =
a2 ⎣
y2 =

1-L8
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where K = 1, u0 = 1; u1 = 0; u2 = 0 and u3 = 0.
The above iterations continue with two Taylor Series, which
will replace the first two equations from the algorithm:
y0K = y0 +

Δt
Δt 2
Δt 3
Δt 4
Δt 5
y1 +
y2 +
y3 +
y4 +
y5
1!
2!
3!
4!
5!

(7)

y1K = y1 +

Δt
Δt 2
Δt 3
Δt 4
y2 +
y3 +
y4 +
y5
1!
2!
3!
4!

(8)

Hydrogels represent a state of matter of substantially
growing research interest. Natural hydrogels can be found
everywhere – in non-living parts of the environment (such as
soils and sediments) as well as in the bodies of living
organisms. In recent decades, remarkable research attention
was paid to a utilization of hydrogels in a production
of controlled release systems for agricultural, pharmaceutical
and sanitary use1,2. Drug carriers in a form of hydrogels allow
delivering desired material over long pathway and period
of time; the rate of release can be governed by both internal
and external conditions. In last decades, substantial research
aimed at explanation and prediction of swelling and mechanical response of gels under various conditions3. Nevertheless,
such a deep knowledge is still missing in the case of diffusion
of different solutes in the utilized gels, although it would be of
the great interest in both preparation and action of the corresponding controlled release systems.
In the presented work, the method of horizontal diffusion
cells4 was utilized in a standard way in determination of diffusion coefficient of several acidic and basic dyes in an aqueous
solution. Commercial diffusion cells apparatus (PermeGear,
Inc.) was used in combination with polycarbonate membrane
with the uniform pore size of 2 μm. The apparatus was pre–
calibrated using 1M KCl according to standard procedure5.
The metod was consequently modified in order to provide
a simple laboratory technique allowing determination of diffusion coefficient of the model solute in a hydrogel media.
Table I shows the list of utilized organic dyes with
corresponding values of diffusion coefficient in the aqueous
solution at 25°C as determined by method of diffusion cells.
All dyes were of an ionic nature – methylene blue (Basic blue
9) represents model basic diffusion probe while all the others
have an acidic structure.
As was expected, a correlation between diffusion
coefficient and molecular weight of a diffusing dye can be
found. In general, as the molecular weight increases, the diffusivity decreases. The only exception among the studied compounds is represented by Direct blue 106, were unusually low
diffusivity value was obtained. This anomaly is difficult to
explain and should be taken as a scope of oncoming experiments.

and

where the integration step ∆t = tf/100.
The performance indicator for this numerical integration
is expressed by “the relative error cumulated in percentages”,
denoted with:
Kf

∑ Δy0K

(9)

crep y0 = 100 ⋅ K = 0
Kf

∑ yAN,K

K =0

where the initial and final sequences of calculus are K0=0,
Kf

respectively Kf = tf/∆t and the sum

Oppenheim A. K., Chemical Kinetic Aspects, Dynamics
of Combustion Systems, Edition 2, p. 81-113, Springer
Berlin Heidelberg Publisher 2008.
Kotoyori T., Critical Temperatures for the Thermal
Explosion of Chemicals, p. 406, Hardbound 2005.
Chan C. Y., Kong P. C.: Appl. Math. Comput., 71, 201
(1995).

∑ Δy

ok

is the difference

k =0

between the experimental and analytical results. This indicator
is established at each iteration. The final values (t=tf) are of
the order (10-4)%, which proves the remarkable precision of
this method of numerical integration.
The results of the method are sinthetised as follows: i)
the integration step ∆t = 10-9; ii) the time constants: T1 =
6,67.10-7; T2=1,33.10-6; iii) the coefficients of the equation (5):
a0 = 1; a = 2.10-6; a2 = 8,88.10-7; iii) the inflexion point ti = 9,24
.
107; iv) crep y0 is of the order 10-4.
It can be concluded that the presented algorithm contribute to a good phenomenon interpretation of the extremely
small period of the explosion, studied from the point of view
of time evolution of pressure, temperature and concentration,
in steady state and transient too.
We would like thank prof. dr. eng. Colosi Tiberiu for the
guidance they gave us.
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Table I, Determined values of the diffusion coefficients of
studied organic dyes in aqeous solutions
Molecular
weight
[Da]
319
488
744
1034
1446

Organic dye
C.I. Basic blue 9
C.I. Acid blue 41
C.I. Direct Blue 106
C.I. Direct Blue 71
C.I. Direct Green 26

1-L9
ON THE THERMODYNAMIC CONSISTENCY OF
RATE CONSTANTS IN MASS ACTION RATE
EQUATIONS

Dw
–10

[×10

m2 s–1]
8,89
8,44
3,07
4,92
3,57

MILOSLAV PEKAŘ
Brno University of Technology, Faculty of Chemistry, Centre
for Materials Research, Purkyňova 118, 612 00 Brno, Czech
Republic
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Thermodynamics is usually thought to tell nothing about
rates of chemical transformations. Rates of chemical reactions
belong to the domain of chemical kinetics. However,
as thermodynamics gives some restriction on the course
of chemical reactions, similar restrictions on their rates are
also looked for. Relationships between chemical thermodynamics and kinetics traditionally emerge from the ways that
both disciplines use to describe equilibrium state of chemical
reactions. Combining these two views various results on
compatibility between thermodynamics and kinetics were
published. The main idea can be illustrated on the trivial
example of decomposition reaction AB = A + B with rate
(kinetic) equation 1.

The agarose gels, utilized in subsequent diffusion experiments, were prepared by routine thermal gelation procedure6.
Methylene blue was chosen as a model diffusion probe. In
Graph 1, values of diffusion coefficient of methylene blue in
agarose gels are shown for varying agarose content of the gel
and for 25°C and 40°C, respectively.
1,5E-09

D g [m 2.s–1 ]

R2 = 0,947
1E-09
R2 = 0,996

5E-10

r
s
r = k cAB − k cA cB

In equilibrium, the reaction rate is zero, consequently we get
equation 2

0
0%

1%

2%

3%

(1)

4%

agarose weight content in the gel

r s
k / k = (cA cB / cAB )eq

Figure 1. Variation of diffusion coefficient of methylene blue
with the content of agarose in the gel at 25°C (black) and
40 °C (white).
The strong correlation can be found between concentration of agarose in the gels and the resulting diffusivity of
the dye. For completness, the corresponding values of diffusivity in aqueous solutions were added in the graph (triangles).
As the presented results have confirmed, method of
horizontal diffusion cells is suitable for studies on diffusion
characteristics of hydrogels. Other effects have recently been
studied, such as a content of reactive polymer in the gel.

(2)

Because the right hand side corresponds to the thermodynamic
equilibrium constant (K) it is concluded that
r s
K = k /k

(3)

This approach is also the basis for finding Wegscheider
conditions1,2, i.e. restrictions on ratios of forward and reversed
rate constants or their products in a reaction scheme. However,
this is simplified approach not taking into account conceptual
differences between the true thermodynamic equilibrium
constant and the ratio of rate constants that is called here the
kinetic equilibrium constant. Using simple example of carbon
dioxide decomposition, 2 CO = CO2 + C, it will be shown
that thermodynamic equilibrium constant need not be equal
to kinetic equilibrium constant even in ideal systems. The
main cause lies in that kinetic equations are formulated in
concentra-tions whereas thermodynamic equations are formulated in activities and transformation of activities to concentrations is not straightforward to say nothing about the dependence of activities on the selection of standard state. Further, it
will be demonstrated that Wegscheider conditions are probably consequences of dependence among individual reactions
forming reaction scheme. Finally, rational thermo-dynamic
approach3-5 to resolving the problem of thermo-dynamic
consistency of rate constants will be illustrated on the same
example. This, in fact, means that backward rate constants are
unnecessary and “thermodynamic consistency” of forward rate

The work has been supported by government funding – Czech
Science Foundation, project P106/11/P697.
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for transporting a functional component onto the substrate
surface.
The presented work outlines the recent research activities
on solution processed titania coatings fabricated by inkjet
material deposition performed at the Laboratory of photochemistry, Faculty of chemistry, Brno university of technology.
The authors started their work with a conventional sol
based on tetraisopropoxy titanate and acetylacetone2 deposited
by a modified office inkjet printer equipped with piezoelectric
print head (Epson R220)3. This work was targeted to the
fabrication of smooth compact films applicable as selfcleaning surfaces. Samples up to 25 cm2 area were conveniently printed. The structure of prepared layers was strongly depending on the printing conditions: If the sol ejection
rate is faster then solvent evaporation, a smooth compact layer
is produced. On the other hand, when the solvent evaporation
rate is grater than sol ejection, we obtain optically rough and
highly structured layer.
Further study focused on the preparation of the TiO2 thin
films from alkoxide solutions containing polyethylene glycol
(PEG) as an anticracking agent by the sol–gel method on
soda–lime glass plates4. Sol application was again carried out
by inkjet printing using a modified office inkjet printer
equipped with piezoelectric print head. We were able to
prepare transparent thin layers of TiO2 with varying thickness
and surface morphology, while PEG proved to be an efficient
agent suppressing the formation of cracks in all cases.
Another project worth mentioning dealt with the adaptation and optimization of previously reported5 reverse micelles
sol-gel compositions to make them suitable for inkjet printing.
The solvent choice and viscosity adjustment issues crucial for
reliable jetting performance were thoroughly investigated. The
optimized sol formulation was deposited by a dedicated material printer Fujifilm Dimatix, in contrary to the previously
discussed projects.
Apart from smooth compact coatings, mesoporous layers
have also been successfully fabricated in our lab. Sol-gel
compositions utilizing various templating agents and reactive
solvent systems were again printed by Dimatix.
However, not only sol-gel compositions can be used for
the preparation of titania films. The other approach utilizes a
stabilized suspension of titania nanocrystals dispersed into
suitable liquid vehicle6. Such nanosuspension can be used for
the fabrication of titania coating on heat sensitive substrates,
because the need for thermal calcination is eliminated. Both
Dimatix and modified Epson printers were used for the
deposition of titania nanosuspension. While Dimatix proved to
be optimal for small precise items, larger samples (A4) were
conveniently and quickly printed by the Epson printer.
To conclude, inkjet printing proved to be an elegant
method for sol delivery to substrate. It provides a complete
control over the deposition process parameters together with
an excellent efficiency of precursor use. Moreover, the possibility of precise patterning and the ease of up-scaling make
this type of deposition very appealing for the production of
sensors, solar cells etc.

constants is naturally embedded in rate equations resulting
from this approach.
This work was supported by the project "Centre for Materials
Research at FCH BUT" No. CZ.1.05/2.1.00/01.0012 from
ERDF.
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Photocatalysis on TiO2 has received much attention
during the last two decades. If TiO2 absorbs a quantum of UV
radiation of sufficient energy, an electron is excited into the
conduction band and an electron-hole pair is created. 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 powerful 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 purification, toxic
waste treatment, air purification and deodorizing have been
proposed and some of them already successfully marketed.
The same process can be applied for the design of selfcleaning and self-disinfecting surfaces. Moreover, the oxygen
vacancy creation and subsequent photo-corrosion on irradiated
surfaces of TiO2 convert the surface nature to superhydrophilic one, which further enhances its self-cleaning ability.
So far, the sol-gel process definitely proved its benefits
and potential. However, in order to produce titania layers, the
liquid sol formulation must be coated onto a substrate. Many
different coating techniques have been used for this purpose,
such as dip-, spin- or spray-coating, doctor blade, roller etc.1
While all these techniques proved to be useful, they are buried
by some inherent limitations. These include, but are not
limited to: sensitivity to surface defects, limited coating area,
ambient humidity interference, efficiency of precursor use.
Fortunately, there has been a major breakthrough of a new
promising deposition technique recently. The novel approach
is usually termed inkjet material deposition or shortly material
printing. The technique shares the basic principles with
conventional inkjet printing, i.e. tiny droplets of a lowviscosity liquid are precisely deposited onto a substrate by
means of thermal or piezoelectric printhead. In the case of
material printing, the ink is a specially formulated liquid used

This work has been supported by the project 104/09/P165 of
the Czech Science Foundation.
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an usual practice in control engineering. There are two main
approaches that can be followed to obtain a linear model for
separation column: the use of linearized Cohen equations or
the use of identification methods. Normally, classical identification methods are used to obtain LTI discrete models which
describe dynamics of process. However, in such systems LTI
models lose information about these characteristics (nonlinearity, dynamics, parameters changing over operation time
in a wide range, etc.). Then, a simplified control model
structure – that still preserves their information – is needed.
Such a structure can be provided identifying fractional order
model from frequency response of the system2 or from time
response3. The used method, developed by Duarte et al.3 is an
extension of the integer case, developed to be used when
conceiving second-generation Crone controllers. The resulting
model is a fractional transfer function, with a commensurate
order α:

Heller, A.: WO 97/07069.
Dzik P., Veselý M., Chomoucká J.: J. Adv. Ox. Tech.,
13, 172 (2010).
Cerna M., Vesely M., Dzik P.: Cat. Tod., 161, 97 (2011).
H. Bartkova et al.: Thin Solid Films 515, 8455 (2007).
Černigoj U., Lavrenčič Štangar U.: SI 22672 A.
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m

G (s) = G 0

A great number of chemical elements are mixtures
of various isotopes. For instance, (12C) is the basic carbon
element, with a concentration of 98,9%, while (13C) is
a “heavier” isotope, with the natural abundance of 1,1%.
If some chemical compounds with higher abundance of (13C)
are available, detection of compounds with higher
concentration of (13C) allows valuable qualitative and quantitative measurements, very important in scientific research and
industrial applications. The rising of heavier isotope concentration is known as isotope separation process, based on various technologies.
The column for cryogenic (13C) isotope separation is
the case studied in this paper, using the equipment belonging
to the National Institute of Research and Development for
Isotopes and Molecular Technologies (INCDTIM), Cluj
Napoca.
Unfortunately, for control design purposes control
techniques and their implementation are directly proportional
to the complexity of proposed control models1. Then, it is
essential a noncomplex and simple control model that represents in a precise way the process behavior. However, this
type of systems corresponds to long distributed systems with
complex dynamics. Furthermore, these systems involve mass
energy transport phenomena which behave as intrinsically
distributed parameter systems, and their characteristics are
very complex such as the variation of parameters with
operation points, large delays that vary with operation point,
and numerous interactions between different consecutive
subsystems and strong nonlinearity. Their complete dynamics
is represented by nonlinear partial differential equations,
which depend on the time as well as the spatial coordinates:
Cohen’s equations. This equation system has unknown
analytical solution in real geometry and it has to be solved
numerically (for example collocation method). The results are
time consuming simulation models, suitable for scientific
purposes but they are too complex for on-line applications and
control needs. Distributed parameters systems, considered as
systems with a very large number of states could be
approximated with low-order linear time invariant (LTI)
models in order to use classical linear control design tools, as

sα

∏1 + b
k −1
n

∏
k −1

k

α

s
1+
ak

, G0>0, m + n = M

(1)

where M is the total number of zeros and poles.
Model validation is the core of the identification
problem because it makes possible to evaluate the model
quality, that is, if the method fits the measured experimental
data with accuracy enough, if it is valid for its purpose, and if
the model describes correctly the real process.
Using the model described in the previous section, the
authors simulated the model output for step input, highlighting
the performance of fractional order models in comparison with
the integer model and experimental data of the column.
Globally, it can be appreciated that fractional order model
track better measured values than integer models.
This work was supported by CNCSIS –UEFISCDI, project
number 630 PNII – IDEI code 228/2008.
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Fragmentation energy is the property of molecular structure, and it is defined as the required energy for separation of
several chemical bonds of the large molecule and getting
smaller particles (fragments). The fragmentation energy has a
relation to reactivity of the compound. Particularly, in this
case, the fragmentation of the propane molecule near the
catalyst surface was investigated. The fragmentation energy
can be calculated by ab initio methods used in quantum
chemistry, which are based on Born Oppenheimer Approximation.
In the paper, the data from literature review and some
preliminary simulations are presented. According to the
literature, the ab initio approach is realized by several methods
such as Hartree-Fock (HF or RHF), which is also known as
the Self-Consistent Field (SCF), Møller-Plesset (MPn) perturbation theory, Density Functional Theory (DFT), and Becke3-Lee-Yang-Parr method (B3LYP). The input properties are
atomic topologies of molecule and basis set. The topology
defines atoms which are connected to one another through
chemical bonds. Basis set is a set of functions used to create
the molecular orbitals. They include split valence, polarization
basis function, and diffuse basis set. In general, ab initio
methods have significant sensitivity to basis set, and thus
fragmentation energy is different according to type of used
basis set1.
Primary results of calculations are coordinates of atoms,
the potential energy curves of the molecule, its vibrational
frequencies, thermodynamic properties, and the shapes of its
molecular orbitals.
The ab initio method can be applied also for predictions
of physical properties of compounds. In the literature, prediction of infrared spectra2 show very good agreement with
experimental data, also prediction of heat capacities3, enthalpies of formation3, and entropies3 of gas-phase energetic
materials used in explosives and propellants. The resulting
data, currently not available in the literature, are critical for
modeling reaction mechanisms and combustion-wave structures of these materials.
The calculation of fragmentation energy was presented
in the literature4. It was calculated for higher fullerenes C80
and C82 was calculated by ab initio method (MP2, DFT), the
result was in the case of the most probable Stone-Wales
pathway of C2 fragmentation of C80, the calculated D0(C80+ )
agree well with experimental data, whereas in the case of C82
fragmentation, the calculated D0(C82+) exceed by up to 1,2 eV
the experimental data2. Fragmentation energies can be measured (experimentally) by methods such as kinetic-energyrelease-distribution (KERD) and metastable-fraction (MF)
measurements.
The preliminary simulations were performed using
MOLPRO software for propane molecule, which the task was

Thermochemical parameters are important tools to
determine the energies involved in the formation of metal
complexes1. The present research work is concerned with the
synthesis, thermal studies and calorimetric determination of
heats of formations and heats of Lewis acid/base reactions of
the complexes formed by metal bromides with the ligand, 3Cyanopyridine. The complexes MBr2.nL where (M is Zn, Cu,
Ni, Co, Fe or Mn; L is 3-cyanopyridine; n=2 or 4) were
synthesized and characterized by elemental analysis, melting
points, IR, UV and thermal analysis. Thermochemical parameters involved in the formation of complexes were determined
by solution-reaction calorimetry.
All the complexes were solids at room temperature. The
yields range from 35 to 78 %. The experimental analytical
data is in good agreement with the proposed general formulas.
The more important IR bands of the compounds are similar to
that of the free ligand however, the spectra show shift of
several bands after coordinating with respect to the free
ligand. These variations in some bands intensity indicate the
bonding of ligands to the central metal ions2-3.
The ligand field parameters investigated from electronic
spectra and absorption bands of the complexes4-6. These
parameters demonstrate the pseudo-octahedral local symmetry
for the complexes Mn(II), Fe(II), Co(II) and Ni(II) and
tetrahedral geometry for Cu(II) and Zn(II) complexes. The
TG/DTG data shows the loss of the ligands in several steps of
mass loss followed by the loss of bromine Mn(II), Fe(II),
Co(II) and Ni(II) complexes or complete loss of the ligand and
part of the bromine Cu(II) complexes. All the complexes left a
residue which is part of the metals Zn(II) and Cu(II)
complexes or metal and bromide (Mn, Fe, Co and Ni)
complexes. The DSC curves show few endothermic and exothermic peaks due to melting and dissociation of the complexes, consistent with the TGA data. The relative decrease in
thermal stabilities order of the complexes of the transition
metals, based on the data obtained from TG/DTG curves is
CuBr2>ZnBr2 >NiBr2>FeBr2 >CoBr2 >MnBr2.
The standard enthalpies of Lewis acid/base reactions
(ΔrHθ) of the complexes were determined by solution-reaction
calorimetry. Several thermochemical cycles were used to
calculate the standard enthalpies of formation (ΔfHθ) of the
complexes. The calorimetric data obtained shows the
interaction of the ligand with the metal bromides. Based on the
values of (ΔrHθ) the acidity order of the salts in the
synthesized complexes is ZnBr2 > CuBr2 > FeBr2 >MnBr2.
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geometry optimization. Input file must contains information
about geometry specification, basis set specification, and a
method of calculation. The output file will contain information
about potential energy, atomic coordinates, and bond lengths
and angles. In future, the data will be calculated by different
methods (HF, MPn, DFT, B3LYP) and basis sets and
compared to the experimental data.

supports the release of extractable hydrophobic compounds
such as fatty acids which are consequently detected and analyzed by Gas Chromatography coupled with Mass Spectrometry
(GC-MS).
Fatty acids as methyl esters (FAMEs) mostly ranging
from the C16 to C32 were observed dominated by the C28 and
C30 members what refers to higher plants wax origin2. Up to
24 methylated lignin derivates were indentified in obtained
extracts. The total lignin yield decreased after parental lignite
modification. Less pronounced decrease was observed in case
of samples pre-treated by benzoic and phenylacetic acids.
Knoweledge of molecular structure of HA is inevitable
for understanding the biological activity of extracted humic
acids and their agricultural application.

This research was supported by Ministry of Education, Youth
and Sports of the Czech Republic under research project MSM
0021630501.
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Lignite is a heterogeneous material with a very complex
structure and difficult chemical composition. For example,
knowledge of coal structure may be important for explication
of sorption properties of heavy metals. The most common
view is that coal formed mostly from the altered biopolymers
found in plants. Degradation methods can be used as one of
the approaches for determining the chemical structure. The
aim of this work was to investigate the South Moravian lignite
degradation by three methods; (i) oxidation by cupric oxide,
(ii) thermochemolysis with tetramethylammonium hydroxide
and tetraethylammonium acetate and (iii) DFRC (derivative
followed by reductive cleavage). Tetramethylammonium
hydroxide and tetraethylammonium acetate was used to distinguish between free fatty acids tightly trapped within the lignite
and esterified acids. The degradation products were fatty acids
and aromatic molecules. The work also showed that the studied lignite contains intact lignin monomers. Comparison of
thermochemolysis data with the results of the traditional
cupric oxide oxidation method and DFRC indicated that
thermochemolysis produces significantly proportion of fatty
acids.

Humic substances are the most widely distributed matter
occurring on the Earth playing fundamental roles in the soil,
e.g. as a plant nutrient transporter in rhizosphere or as one of
the essential member of carbon cycle. Their addition to soil is
considered as a way to increase soil “quality” and support
processes vital for soil fertility. Processes occurring in
rhizosphere, i.e. in the interface layer between roots and soil
body are important from the physical-chemical point of view
since the exudates released by plant roots (typically small
organic acids) induce the reconformation of humic matter
structure associated with a transport of nutrients through the
root cell walls. Together with inorganic part, also a part of
humic acids is transported and incorporated into the plant
biological cycles. This is recognized as biological activity or
hormone-like activity of humic acids. The simulation of those
processes during the humic acids production was the motivation of this research. Humic acids (HA) were extracted from
South Moravian lignite which was first pretreated by several
small organic acids (e.g. formic acid, acetic acid, etc.) and a
line of samples with different physical structures was
obtained. The objective of this study was to focus on the composition of fatty acids presented in those samples using
chemical degradations such as thermochemolysis1 using
TMAH (tetramethylamonium hydroxide). This approach
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Humic acids are natural compounds, which can be found
in soils, coal, water and sediments. The main function of
humic acids in soils and sediments is to impact the porosity
and to act as a sorbent and reservoir of water and different
kind of chemicals1. High affinity of humic acids towards other
compounds (i. e. heavy metals, hydrophobic species, tenzides)
is object of many studies in present days.
Carboxylic functional groups of humic acids are responsible for creation of the interactions with heavy metals. Used
humic acids were modified by the methylation of reactive
carboxylic group. Non-modified and modified humic acids
were mixed in different ratios. We obtained humic acids with
different amounts of free non-methylated carboxylic groups.
From these mixtures were prepared humic hydrogels2.
The interactions between heavy metals (cooper (II) ions) and
humic acids were studied in diffusion experiments. Diffusion
coefficients of copper (II) ions in different hydrogels were
calculated.
The results showed, that with increasing amount
of methylated humic acids in the mixtures, the values
of diffusion coefficient are decreasing. This is due to the fact,
that with increasing of the ratio of modified humic acids in the
mixtures the amounts of carboxylic groups are decreasing (due
to methylation), which results in the decrease of the formation
of complexes with copper (II) ions.
Presented involvement of modified humic acids in easy
diffusion experiment showed to be suitable for deeper study
of reactivity of humic acids and the formation of the interactions, which between heavy metals and humic acids occur in the
nature.

This work is focused on a preparation and study of
flexible polymeric solar cells. Three different methods of a
thin layer deposition from solution were used: spin-coating,
ink-jet printing1 and electrophoretic deposition2. Properties of
prepared solar cells on rigid (glass) and flexible (PET foil,
textile) substrates were studied by electrical and optical
measurements.
Solar cells were prepared from a solution mixture of a
electron donor polymer - high Tg-PPV (copolymer of poly(phenylene vinylene) derivates with high glass transition
temperature)3 and a electron acceptor - fullerene PCBM
(phenyl-C61-butyric-acid-methyl ester). The chemical structures of the used materials are shown on Figure 1.

Figure 1. Structures of used materials: electron donor polymer
high Tg-PPV and electron acceptor fullerene PCBM.
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their initial concentration on both studied stabilities of prepared complexes. Chemical stability of metal complexes was
assessed in term of metal ions release from the humic acid
structure into two different extraction agents. Thermooxidative behaviour was investigated employing methods of
thermal analysis, differential scanning calorimetry (DSC) and
thermogravimetric analysis (TGA) in particular.
The results of this work suggest that the incorporation of
metal ions influences not only the thermo-oxidative stability
of humic acid but its thermo-oxidative behaviour in general.
All metal ions bound to HA structure implicate the decrease of
starting and ending temperature of HA thermo-oxidative
degradation. The most substantial changes in the degradation
process of HA were produced by the presence of Cu2+ in HA
structure. On the contrary, records of samples with Ni and Co
ions exert very comparable course, which is probably due to
similar properties based on close atomic masses. All samples
were subjected to extraction by two different agents, MgCl2
and HCl. Extraction of metal ions with HCl was entirely
successful. Besides the extraction of metal ions, HCl influences also the structure of HA, since there is almost zero
content of ash and the thermogravimetric degradation step is
very slow and gradual. From our results we also infer the
application of Langmuir isotherm only for concentrations
below 0,05 M.
The conclusions bring deeper insight into the realm of
metal interaction with the humified part of soil organic matter;
and at the same time try to shed light on the fate of metal
pollutants in the environment and help in the desirable knowledge of treatments such as soil decontamination and remediation.
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DENSITOMETRY OF HYALURONAN AND
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Republic
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Hyaluronan is a biocompatible, bidegradable polymer
produced even in human bodies. Due to its biological properties and physiological functions it among ideal candidates for
fomulation of systems for targeted delivery of biologically
active substances. Many of these substances are hydrophobic
and cannot be loaded on highly hydrated hyaluronan chain.
One possibility to overcome this obstacle is forming complexes between hyaluronan and oppositely charged surfactant.
In this work hyaluronan was complexed with cetyl trimethylammonium bromide. Properties of both hyaluronan and
formed aqueous colloids were investigated by means of densitometry using DMA 4500 densitometer (Anton Paar).
Density of aqueous solutions of hyaluronan of various
molecular weights were measured in dependence on concentration at 25 °C. After carefull dissolution of the biopolymer
(for about 48 hours) and conservation against microbial
degradation (using sodium azide) reproducible results can be
obtained that are stable during 14 days of storage of solutions,
at least. Regardless the molecular weight the density is a linear
function of hyaluronan concentration except very dilute solutions. At very low hyaluronan concentrations the solution
density is less sensitive to the presence of the biopolymer
which could be a result of disentangling hyaluronan chains.
Addition of increasing amount of CTAB surfactant to
hyaluronan solution containing constant hyaluronan concentration resulted in increasing density with increasing CTAB
concentration with at least one break point indicating formation of polymer-surfactant complexes.
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STABILITY OF METAL-HUMIC COMPLEXES
KRISTÝNA NOVÁČKOVÁ, JIŘÍ KISLINGER and
MARTINA KLUČÁKOVÁ

Conformational changes of humic acids in two different
aqueous solutions (NaCl and NaOH) are studied by means of
High Resolution Ultrasound Spectrometry. It is based on the
measurement of parameters of ultrasonic waves propagating
through the sample. Attenuation describes the decay of the
amplitude of the ultrasonic wave with distance traveled. Ultrasonic velocity is the speed of this wave and is related to the
wavelength and the frequency of oscillation of the deformation. It is determined by the density and elasticity of the
sample, which is strongly influenced by the molecular arrangement. The elastic response is generally dominant.
The minimum of ultrasonic velocity was observed for
humic content of 1 g dm-3 in 0,1M NaCl. Compressibility was
practically the same up to this concentration and then they

Centre for Materials Research, Faculty of Chemistry, Brno
University of Technology, Purkyňova 118, 612 00 Brno, Czech
Republic
xcnovackovak@fch.vutbr.cz
This work is focused on comparison of thermo-oxidative
and chemical stability of metal complexes with humic acids.
Three elements representing the group of heavy metals were
selected for these experiments (cobalt, copper, nickel). The
utilized humic acid was extracted from South-Moravian
lignite. Differently concentrated solutions of metals were used
for complexes preparation, in order to observe the influence of
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decreased. This confirms that the organization of humic
particles in diluted and concentrated humic sols is different.
The decrease in compressibility showed the forming of more
rigid structures which could cause the decrease in humic
binding ability. This conformational change was confirmed
also by the strong increase in ultrasound attenuation for humic
sols in NaCl. On the other hand, no minimum but two breaks
were observed, if humic acids were dissolved in 0,1M NaOH.
First one was measured at 0,1 g dm-3, second one at 1 g dm-3.
Increase in attenation was lower for humic solution in NaOH
comparing with NaCl.
Our results confurmed that dissolved humic acids may
be micelle-like, which are supramolecular assemblies of small
entities1-3. If micelle-like structures form at high concentrations, a portion of humic reactive functional groups may be
less accessible for e.g. metal ions as they might be entrapped
in the more hydrophobic interior4.

solubility and activity in natural systems. Humic fractions rich
with carboxylic groups are much more soluble. The composition of dissolved fraction is the dependent on initial ratio
between humic acids and aqueous medium. Solubility of
humic acids in water and aqueous solutions is thus far from
simple as might be expected from their solubility-based definition and a multi-mechanism of their dissolution and dissociation1-2.
In contrast to measurement of pH, which deteremines the
amount of dissociated hydrogen ions, the in-electrode coulomeric titration gives results corresponding with total content
of COOH groups in humic extract. The combination of these
two methods can be utilized for determination of pKa of
dissolved humic acids without titration. Regarding gradual
dissolving of various humic fractions with increasing humic
content we can compute mean value of pKa in dependence on
initial ratio between humic acids and aqueous medium.

This work was supported by the project “Centre for Materials
Research at FCH BUT” No. CZ.1.05/2.1.00/01.0012 from
ERDF.
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Humic acids represent very important part of soil organic
matter. Object of our study was Luvihaplic Chernozem
(locality Praha-Ruzyně). Three different amounts were added
in soil in 2008: 124, 239 and 478 t ha-1. Soil humic substances
were extracted one year after compost application into the soil
and analysed by means of fluorescence spectrometry, infrared
spectrometry, ultraviolet-visible spectrometry a titration
methods. EEM spectra obtained using fluorescence spectrometry showed that compost contains well humified fractions
of humic substances. Relative intensity of fluorescence of all
three main peaks is lower in comparison with soil humic
substances due to content of „young“ less condensed aromatic
structures. Infrared spectra confirmed that increasing added
amount of compost caused the increase of content of carboxylic groups and ether bridges in soil humic substances.
Humification index E4/6, determined on the basis of measured
UV/VIS spectra, decreased with desresing amount of added
compost. Its values were higher than 4 for all extracted humic
samples, which show on brown humic acids with lower molecular mass. The high value of E4/6 for compost confirmed the

In this work, the in-electrode coulomeric titration is used
for analysis of humic acids in aqueous solutions. The method
is based on the galvanostatical reduction of splitting off
hydrogen ions at a suitable potential. The method was valited
using simple organic acids (acetic acid, benzoic acid, citric
acid, oxalic acid, phthalic acid and salicylic acid). It was found
that efficiency of the method depends on acid concentration
and strength. The limits are concentration of ∼20 mmol.dm-3
and pKa ∼ 5.
Humic acids are analysed as extract in solution of
sodium sulfate (1,5 % wt.). The efficiency of galvanostatic
reduction depended on concentration of humic acids as in
previous case. The limit obtained for used sample was 20 g of
humic acids per litre. It is well-known that humic acids are
soluble in neutral aqueous solutions only partially1-2. Their
carboxylic groups have various strength which influences their
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presence of „young“ less condensed aromatic structures
detected by fluorescence spectrometry. Because the index
decreases with depth of soil horizon, we can say that lower
soil layer content „older“ more humified humic substances.
Total acidities computed from titration curves increased with
increasing amount of added compost which corresponds with
results of other used methods.

trimethylammonium bromide (CTAB) were studied by a
dynamic tensiometric method – maximum bubble pressure
method.
Hyaluronan is a very important biopolymer in living
organisms, it occurs mainly in tissues and extracellular matrix
of vertebrates where it plays a role of a moisturiser and
lubricant due to its strong hydrophilic character2. Hyaluronan
is also one of the possible carriers in the targeted drug
delivery. Together with the suitable hydrophobic domain the
solubility of nonpolar drugs is guaranteed. For this purpose,
cationic surfactants were chosen and the interactions between
the opposite charge of the surfactant head group and hyaluronan carboxylic group were studied.
The aim of the present work was to study the expected
electrostatic interactions using the dynamic tensiometry
because of the task of the properties of the forming aggregates
in the bulk. The experiments were performed both in water
and sodium chloride solution and with two molecular weights
of hyaluronan.
The results are compared from the point of the surfactant
carbon chain length, molecular weight of hyaluronan and ionic
strength. The added hyaluronan decreased the interfacial
tension of both surfactants in water, the influence of its molecular weight was not observed. In addition, the longer the
carbon chain of surfactant the faster stabilization of interfacial
tension in both water and sodium chloride environment.

This work was supported by the project “Centre for Materials
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Humic acids (HAs) play an important role in carbon
cycle, sustaining plant growth, stabilizing soil structure, and
protection from environmental contamination. Despite their
importance, their structure remains largely unknown. Their
heterogenity and extreme complexity render structural
information often difficult and controversial. In this present
study, the effect of methylated HAs and untreated HAs by
methylation was investigated. Obtained extracts were fractionated by liquid chromatography. Insoluble residues after
treatment of humic acids were submitted hydrolysis reactions.
For experiments were used four variously treated lignite
humic acids and one humate. All products were analyzed by
chromatography-mass spectrometry (GC-MS). The main
families present were linear hydrocarbons, fatty acids and aromatic molecules. Analyses of hydrolysis products were carried
out to gain further insight into the structure of HAs.
Hydrolysis products were rich in aromatic molecules. It was
found that the methylation of carboxylic groups responsible of
non-covalent linkages (such as hydrogen bonds) permits the
release of organo-soluble compounds. Then, weak forces are
strongly implicated in the layout of these HAs confirming
partly the macromolecular concept of humic substances.

This work was supported by the COST action D43, project No.
OC08004. The Centre for Materials Research is supported by
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1-P13
DYNAMIC TENSIOMETRY OF HYALURONANSURFACTANT SYSTEMS

Water prehydrolysis appears as a perspective pretreatment for lignocellulosic biomass conversion on different
chemical stocks1,2.
Ash wood (Fraxinus exelsior, L.) chips were subjected
to hydrothermal pretreatment at a liquor to wood ratio 4:1
(ml/g) and temperatures within the range of 160-200°C. The
time treatment was carried out from 30 to 240 min.
The released saccharides (D-xylose, L-arabinose, Lrhamnose, D -glucose, D-mannose and D-galactose) and
volatile compounds (acetic acid, 2-furaldehyde, methanol and
propionic acid) were determined in hydrolyzates by gas
chromatography method (GC)3,4.
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The interactions between a natural negatively charged
polysaccharide hyaluronan1 and cationic surfactants tetradecyltrimethylammonium bromide (TTAB) and hexadecyls898
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scopy, carbohydrates by HPLC according standard ASTM E
1758-01.
The predominant sugar in all samples was D-glucose,
mainly in the older ones (approx. 96-98%). In the samples
after 1850 the relative content of D-glucose was diminished to
approx. 82-86%, amount of D-xylose raised to 4-5%
FT-IR spectra show the products of cellulose oxidation
peaks in range 1500 -1800 cm-1 (carboxyl, aldehyde, carbonyl,
enolic, β-diketones and conjugated carbonyl groups)5. Some
inorganic and organic compounds (e.g. CaCO3, clay) used for
glue sizing were detected, too.

The water pretreatments of lignocellulosic materials
have got a different effect on their main components, depending on the operational conditions.
The maximum concentration of the released sugars from
wood in monosaccharide form was found at the temperature
180 °C and at the time 60 min. The presence of oligosaccharides and low-molecular polysaccharides in hydrolysates was approximately five times higher than monosaccharides. The maximum concentration of mono- and oligosaccharides sum was found at the temperature 160 °C and at
the time 120 min.
From volatile compounds acetic acid and 2-furaldehyde
were dominate in hydrolyzates. At the mild conditions of
hydrolysis the acetic acid and 2-furaldehyde concentration
increases due to the saccharides deacetylation and dehydration, respectively. The amount of 2-furaldehyde was decreased
at 200 °C due to its participation in the condensation reactions.
FTIR spectrum of treated wood confirmed decay of
hemicelluloses portion.

This contribution/publication is the result of the project
implementation Centre of Excellence „Adaptive Forest
Ecosystems“, ITMS: 26220120006,
supported by the
Research & Development Operational Programme funded by
the ERDF.
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This theses deal with the water and acid hydrolysis (1 %
H2SO4) sample of pulp from recycled fibres. The main aim of
this research was to determine optimal conditions (temperature, time) by which is given out the maximum of the
saccharides extracts. By the determination of the saccharides
was used gas chromatography (GC)1. The results of this work
confirmed the effect of the temperature (140, 160, 180 °C) on
the recovery of the saccharides during the time of use 30, 60,
90 a 120 min. The sample was hydrolysed in water and in 1 %
H2SO4 [hydromodule 1:40 (g ml-1)]. To the creation of hydrolyzed products became early at the tempetarure of 140 °C.
After the GC was increasing in time gap the concen-tration of
the saccharides and after the acid hydrolysis (1 % H2SO4), the
concentration of the saccharides was decre-asing in time gap.
The maximas of the recovery of mono-saccharides after the
GC were spotted at the temperature of 160 °C in the time
period of 120 min., after the use of acid hydrolysis at the
temperature 140 °C in the period of time of 30 minutes. The
maximas of the recovery of overall sacchari-des after water
hydrolysis were recorded at the temperature 180 °C (120 min.)
and after acid hydrolysis also at temperature 180 °C but after
30 min of hydrolysis. Volatiles like acetic acid, propionic acid,
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Zvolen, T. G. Masaryka 24, 960 53 Zvolen, Slovakia
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Crucial influence on the paper quality is a method of
pulp production. If the pulp to produce high-quality paper was
prepared from natural raw materials, i.e. of rags, it was made
the first step to their longevity. Thus, even 300-400 years old
papers have very good properties. On the other hand, papers
produced after 1850 have significantly poorer quality because
of its pulp production are used and the sizing is started using
aluminium sulphate (acid sizing)1.
An important factor causing the decrease in paper
strength properties is acid catalysed hydrolysis. In addition to
the cellulose hydrolysis can take place other reactions oxidation, cross-linking and thermal degradation2-4.
Samples of various historical books (3 samples from
XVIII. century, 3 samples from XIX. century and 1 sample
from XXI. century) were studied using ATR–FTIR spectros899
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methanol, ethanol and 2-furaldehyd were specified by the gas
chromatography2. Their production was in progress simultaneously with the making of saccharides. The maximum
amount of the acetic acid after the water hydrolysis was
recorded at the temperature of 140 °C during which time the
2-furaldehyd was not present in the hydrolysates. After the
acid hydrolysis was recorded the biggest amount of acetic acid
at the temperature of 140 °C and 2-furaldehydu at the temperature 180 °C. Specified vola-tiles in hydrolysates relate with
the presence of sacchari-des and upright effect their recovery
after the hydrolysis. In the hydrolysates after the water and
acid hydrolysis was with the use of gravimetric method stated
the amount 2,4-dinitro-fenylhydrazones (2,4-DNPH). The top
amount 2,4-DNPH was noticed after the acid hydrolysis at the
tempereture of 180 °C and time of use 90 minutes. Besides
this had been also carried out Seamans hydrolysis and was
determined the amount saccharides with the method of GC.
The total extract of saccharides was 65 %. The sample of the
recycled fibers contained 14,25 % of lignin stated by the
ASTM D 1106 (2001).
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Plasma, the so-called fourth state of matter, has become
a very interesting and important subject for study through the
last century. Plasma conditions can produce a wide range of
unique chemical reactions that are not possible under
thermodynamic equilibrium. Thus plasma is now widely used
in various technologies such as surface modification, thin film
coatings for various purposes, in the production of microelectronic devices etc1. There is also increasing interest in
plasma applications in environmental chemistry, e.g. for the
removal of pollutants from air and water1.
Within the last two decades there has been an increasing
focus on plasma chemistry in gas discharges interacting with
various liquids or even generated directly in the liquid
phase2,3. A number of papers discuss plasma chemistry in
different areas of biology (extermination of microorganisms)4,
ecology, electrochemistry (degradation of dangerous toxic
compounds in water)5 and medicine (e.g. in surgery)6. The
physics of such discharges has also been examined and has
found a range of applications (e.g. destruction of kidney stones
by shock waves)7.
Here we present an atmospheric pressure plasma jet
interacting with a liquid surface. The plasma is generated
above the surface of a solution and thus the effect on the
chemical properties of the solution are explored. Distilled
water both with and without dissolved compounds is used for
the experiments. A DC voltage of 2 kV was applied to the
plasma jet which uses He as the supporting gas. Optical
emission spectroscopy of the plasma jet provided information
about the plasma parameters (density and temperature) and
plasma chemistry.
While the spectra is dominated by N2 emission, which
can be used to determine the gas temperature, there is also
evidence of the dissociation of water molecules reflected in
the presence of OH radical emission. H and O emission are
also observed. The OH radicals are H2O2 precursors. OH
radicals are characterized by high reactivity with organic
compounds and high redox potential (2,80V), guaranteeing
non-selective behaviour in oxidative reactions with any organic substances which are presented in solution, and therefore
OH radicals belong to the most important particles which are
generated by electric discharge because of their high chemical
efficiency8,9. The detailed study of these reactions and their
efficiency will be a subject of further studies. Within the
liquid environment we anticipate that the dominant long-lived
species created will be H2O2. We are therefore determining
H2O2 production efficiency in the present system and these
results will be reported.
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Photocatalytic inactivation of microorganisms by titanium dioxide has been widely studied since 1985 when
Matsunaga and co-workers reported that titanium dioxide
could demage bacterial cells. When photocatalyst titanium
dioxide (TiO2) is illuminated by near-UV light, TiO2
demonstrates excellent microbicidal activity. Reactive oxygen
species (hydroxyl radical, hydrogen peroxide and superoxide)
which are generated during photocatalytic process can harm
various cells.
Photocatalytic inactivation of yeast Candida glabrata has
been investigated using imobilized thin layer of TiO2 on the
glass support. The deposition of TiO2 on the glass plates was
accomplished in an innovative way, print with device FUJI
Dimatix. Epi-fluorescent microscopy was used as a suitable
method for analysis of cell viability.
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isolated from different soil types (Luvic Chernozem, Leptic
Cambisol and Haplic Luvisol) and characterized by EDX-ray
spectroscopy and FTIR SRATR (single reflection attenuated
total reflectance) spectroscopy. Elemental composition was
determined by the standard methods and PE2400 CHNS/O
elementary analyzer was used. FTIR SRATR spectra were
measured by Shimadzu 8700. Results showded bands
indicative of aliphatic groups (C-H at 2925 cm-1); aromatic
groups (C=C at 1620 cm-1); phenolic groups (at 1404 - 1419
cm-1); and carboxyl and carbonyl groups (at 1225 – 1223
cm-1) were similar in all samples. More aromatic groups were
found in humic acids isolated from Luvic Chernozem. More
aliphatic groups were found in humic acids isolated from
Leptic Cambisol. Differences were found in the finger print
region 1700 – 1000 cm-1. Reactivity of humic acids was given
by O/R ratio calculated from FTIR SRATR spectra according
to Wander & Train (1996). EDX-ray spectra were recorded by
energy–dispersive X-ray spectrofluorimeter XEPOS. Results
showed elements occur in situ in HA molecule. All samples
contained Fe, Cu, Zn, Ti, Ca, K, S, Ph, Si and Br.

Figure 1. Diagram of Plasma Jet Setup
This work was supported by Czech Science Foundation,
project No. 104/09/H080, Czech Ministry of Education, Youth
and Sport student mobility program, the Queen‘s University
Centre for Plasma Physics and the Department of
Employment and Learning NI.
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The interest of experts from thin film branch has already
been focused on chemical vapour deposition (CVD)
techniques for more than twenty years. Especially plasma
enhanced CVD brought new options to this field. Thin films
produced this way – plasma polymers – have excellent
adhesion to the substrate, are resistant to most chemicals and
improve mechanical properties of the substrate1,2.
Variety of monomers offers additional advantages. Using
organosilicons, e.g. hexamethyldisiloxane, or tetravinylsilane,
is a modern trend in PECVD. Thanks to silicon atom in its
structure the layer can bind to glass and organic groups
provide many possibilities of modifications of thin film
properties. In this manner we can produce SiO2 thin films3,4
used in electronic engineering.
The aim of our experiment was a study of properties of
hexamethyldisiloxane plasma during thin film deposition in
pulsed regime. The experiment was held first at constant
power and variable duty cycle, second at constant mean
power. In this case the distribution of energy is quite different5
and may be useful to obtain thin layers with new properties.
Experiment shows that dependence of fragment population on
duty cycle was increasing with increasing duty cycle in the
first case, however, there was a maximum detected between
30 and 40 % in the second case. This point might be an optimal setup for the deposition of SiO2 thin films from hexamethyldisiloxane.
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EDXS AND FTIR SRATR SPECTROSCOPIC
CHARACTERIZATION OF SOIL HUMIC
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Soil humic substances and their predominant fraction
humic acids are very active in interacting with organic and
inorganic chemicals and can act as scavengers for various
kinds of contaminants. For this reason humic acids were
s901
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Phthalocyanines exhibit very high extinction coefficients
around 700 nm, where the maximum of the solar photon flux
occurs for efficient photon harvesting, and many other features
that make them especially suitable for integration in light
energy conversion systems1. Phthalocyanines also have excellent stability, a rich redox chemistry, p-type and also n-type
semiconducting properties, high LUMO energy level, and
relative high hole mobility2. Therefore, the aim of our work is
to characterize the various derivatives metallophtha-locyanine
for their potential applications in organic solar cells.
The general structure of our metallophthalocyanines
(MPc) is shown in Figure 1. Optical and electrical properties
of various derivates of MPc with different central metal atom
M and miscellaneous types of substituents were studied in
solutions and thin layers. Spincoating, microdisperzing printing and vacuum evaporation were used for thin layers preparation. The various type of transport layer (PEDOT:PSS,
TiO2) and electrodes were used to finalized the org. solar cells
structure.
The materials and prepared thin layers structures were
characterized by optical (UV-VIS, fluorescence and quenching
measurement), electrical (voltage current measurement) and
optoelectrical methods (transient photocontuctivity measurement). The relationship between the derivative molecular
structure and their respective properties were determined.
Based on these findings derivatives suitable for application in
organic photovoltaic were identified and optimized.

An effective and fast way of restoration and preservation
of archeological artifacts is described 1. The process is based
on using RF low-pressure hydrogen plasma in which the
artifacts are treated for several tens of minutes, usually in
more steps2,3. This method offers significant advantages such
as preservation of the quality of the object surface and time
savings 1.
The optical emission spectroscopy of OH radical was
used for the process monitoring. Atomic hydrogen reacts with
oxygen from corrosion layers and forms OH radical (in
excited state). This OH radical emits in UV area of spectrum
(305–325 nm). Its integral intensity was used for the quantitative analysis of oxygen removal from the corrosion layer.
Plasma treatment stoped when value of relative intensity OH
radicals reached one tenth of maximum OH radicals 4.
Another monitored magnitude was temperature of
samples. Sample temperature is very significant indicator for
protection sample against metallographic changes of metal
bulk material and therefore damage of samples 5. Temperature
is depends on using regime continual or pulsed. Our results
show that pulsed regime can be effectively used in the corrosion removal process. The main advantage of the pulsed
regime is lower heating of sample. However, process runs
longer time.
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Figure 1. The general structure of metallophthalocyanines
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The results confirm, that print quality and electrical
properties of printed conductive layers, are dependent on
properties of printing substrates.
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Electrical properties of printed conductive layers relates
to print quality and they are affected by many parameters:
reological properties of ink, surface tension of ink, characteristic properties of substrate (e.g. roughness, porosity, SFE) or
printing conditions (e.g. used kind of mesh, mesh tension,
squezze pressure, angle deflection of squezze, edge sharpness
of squezze, squezze rigidity).
Special testcharts are used for evaluation influence of
printing conditions to print quality and electric characteristics.
These testcharts often contain some patterns from real
aplications (e.g. RFID antenna and electrode systems), but
also include elements for estimating usual print quality
indicators (e.g. lines of different frequencies, solid areas,
objects situated toward or vertically to print direction). Printed
electroconductive layers can be characterized from different
point of view by several parameters (electrical, geometrical or
mechanical parameters). RLC bridge can be used for measurement of electrical properties of printed layers. The image
analysis can be used for determination of geometric parameters of prints. Profilometer can be used for thickness detection
of printed layers. Cross hatch test is suitable for evaluation of
printed layers adhesion.
This study deals about printing of conductive layers
based on conductive ink by using screen printing technique.
Experimental part of paper is focused on monitoring the
interaction of Ag particles based conductive ink with different
types of printing substrates or with primer dielectric layer,
which was printed on these printing substrates first. The influence of printing substrates and primer layer by means of print
quality evaluation from printed testcharts and measuring of
electrical properties of selected ROIs of testchart was
evaluated and compared. For evaluation were prepared sets of
prints printed under same conditions on following substrates:
APCO, Melinex, Pretex, Synaps with and without primer
layer. Print samples were made with semiautomatic screen
printing machine. Prints were investigated by image analysis
methods from microscopy images. The electrical properties of
printed patterns were characterized by resistance measurement
as a function of printing substrate.

The aim of this work was examination of pH influence
on aggregation process and properties of aggregates in system
of polyelectrolyte and surfactant. As anionicpolyelectrolyte,
hyaluronan1,2with different molecular weights, was used.
Mixtures of hyaluronan and cationic surfactant, cetyltrimetylammonium bromide (CTAB) or nonionic surfactant polyoxyethylene 20 (TWEEN 20), were studied by fluorescence spectroscopy3, using pyrene4,5 as fluorescent probe.
First, the influence of pH on critical micelle concentration of surfactant was studied. CMC was determined in
acetate buffer (pH 4,6) and Bates and Bower buffer with
Na2B4O7–NaOH (pH 10). Results showed lower value of
CMC for CTAB atlower pH and conversely. Influence of pH
on TWEEN CMC was not evident. Further, mixtures of
surfactantsin two concentrations (near CMC and hundredfold
CMC) and hyaluronan (106 kDa and 1,36 MDa) in fixed
concentration 1 g.l-1 were prepared. Thein pH was changed
from acidic to alkalic region with HCl respektive NaOH
solutions. Results showed no influence of pH on properties of
hydrophobic domain in aggregates polyelectrolyte-surfactant.
That meansthat these systems are stable against changes in
observed pH region.
This work was supported by the project "Centre forMaterials
Research at FCH BUT" No. CZ.1.05/2.1.00/01.0012 from
ERDF.
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The VOCs (volatile organic compounds) are organic
chemical compounds that have vapor pressures under normal
conditions high enough to significantly evaporate and enter
the atmosphere. They are sometimes accidentally released
from the industrial processes into the environment, where they
can damage soil and groundwater. Vapors of VOCs escaping
into the air contribute significantly to the air pollution (e.g.
they cause photochemical smog and also contribute to the
global warming). In recent years, their influence on the quality
of indoor environment has started to be a serious task, too.
Common artificial sources of VOCs include paint thinners,
wood preservatives or cleaning solvents. Regarding the medical risks, it is known that many VOCs are toxic, several of
them are known as human carcinogens1.
The problem of VOCs is one of the urgent tasks in
contemporary research. Besides the classical techniques, the
plasma assisted combustion methods are widely developed.
The contemporary experiment was focused on the VOC
decomposition in planar surface dielectric barrier discharges
using alumina ceramics. The photocatalytic TiO2 was prepared
by various techniques based on ink-jet printing on inner side
of discharge ceramic plates. The exhaust gas analyzis was
carried out by simple gas analyzer Testo 350-XL that was
used for the detection of simple low molecular weight
discharge products as CO, NO2, NO, H2, etc. The analyses of
discharge exhaust gas showed the high concentration of CO in
decomposition of xylene. For measurements, the different
layers of TiO2photocatyzer were used. The higher concentrations of all low weight discharge products was observed then
smoother layer was used and a strong frequency dependence
of its efficiency was observed if cyclohexane was used.

Effect of different molecular sized hyaluronansystems on
water structure was investigated by 1H T1 fast field cycling
(FFC) NMR relaxometry.
FFC-NMR relaxometry probes the molecular dynamics
of complex systems by measurement of longitudinal (T1)
relaxation times. In particular, the technique appears to be
very sensitive to water molecules inaqueous systems, due to
its ability in monitoring solute-solvent interactions. In fact,
water mobility becomes slower as water is involved in Hbonds with solute molecules. For this reason homonuclear1H1
H dipolar interactions become stronger and faster longitudinal
relaxation rates (i.e. short T1 values) are achieved1.
Hyaluronan (HYA) is an anionic, unbranched, nonsulfated glycosaminoglycan. It is ubiquitous as it occurs, for
example, in the extracellular matrix of connective, epithelial,
and neural tissues.In addition, it is also the main component of
the synovial fluid which lubricates and maintains the cartilage.
HYA has a unique water binding capacity. That is the reason
why studies on the interactions between HYA and water are
carried out in many laboratories around the world.
Previous results revealed that three different waterstructural systems surround the molecule of hyaluronan in
water solution2. In addition, backbone fluctuations were identified which allowed to recognise that the structure of hyaluronan goesfrom intra-molecular hydrogen-bonded organization to inter-molecular hydrogen-bonded structure where
watermolecules can bridge carboxyl and amido groups ofadjacent saccharide units of HYA chains.
In the present study, different molecular sized HYA
molecules dissolved in water were investigated. Results
showed that mobility of water molecules become more
restricted as HYA molecular size increases. This suggests that
no bulk water is surrounds large molecular sized HYA
systems. Conversely, as molecular size decreases the three
hydration shells evidenced in our previous study2 become
more evident. Model free analysis approach was used.
The aforementioned results showed the great potential of
FFC-NMR relaxometry in revealing water nature in polysaccharide water solutions and the possibility for future
applications on complex biological systems.

This work was supported by the Ministry of Education, Youth
and Sports, research plan No. 0021630501, and by the Czech
Science Foundation, project No. 104/09/P165.
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Humic acids (HA) are important fraction of the natural
organic matter playing a significant role in environmental and
ecological processes such as for example transport of various
elements and compounds in environment, water holding
capacity or biological activity1.
Humic acids represent remarkable materials with great
physical-chemical properties that could allow their wider
application in industry, agriculture and ecology. Nevertheless
some of their properties such as low mechanical strength,
swellability, long wetting time and partial solubility in water
can complicate some of their applications. With this respect, a
suitable modification of humic acids can enhance their reactivity, thermal and chemical resistance, and sorption properties
and can strongly affect their solubility2.
The aim of this work was the modification of South
Moravian lignite humic acids in order to obtain cross-linked
materials with improved water retention capacity. The modification by formaldehyde was used and it is assumed that the
reaction mechanism is similar to that by which phenolformaldehyde oligomer is formed3.
Affinity to water, kinetics of hydration and water
retention capacity of obtained products were studied by
thermal analysis TGA (thermogravimetric analysis) and DSC
(differential scanning calorimetric). Sorption of water was
carried out by exposing the sample to the specific atmosphere
while water holding capacity and kinetics of hydration were
assessed after addition of water directly to the sample. It was
observed that all the modified samples of humic acids had
higher retention capacity in comparison with the parental
humic material which means that the supramolecular structure
of humic acids was cross-linked and the hydrogel system was
formed.

The lightfastness of transparencies was studied in this
work. The study of permanence was realized on five different
materials. The samples were prepared by two printing technologies: by pigment-based inkjet printing technology and by
laser light exposure of silver halide photopaper followed by
chemical procesing (standard process RA-4).
There are several ways to determine lightfastness of
photographs or prints. The transparencies were exposed to
accelerated ageing in Q-SUN test chamber. The transparencies
were tested for 340 hours. They were measured by densitometer after exposure. The degradation of inks was expressed
by the decrease of optical density, which was evaluated
according to ISO standard 18909 in dependence on the exposure dose. Exposure needed to reach the failure criterion was
recalculated to equivalent lifetime of photographs or prints1-3.
This work was supported by MŠMT ČR, grant No. OC09069.
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Monofunctional (MSA), bifunctional (BSA) and
trifunctional (TSA) secondary amines represent the important
group of industrial antioxidants. Their action is based on the
reaction of -NH- group with RO2• radicals, which results in
the formation of aminoxyl radicals. Aminoxyl radicals can
also be produced by the oxidation of secondary amino group
with peroxy compounds, Therefore, in monofunctional secondary amines is the generation of aminoxyls the dominating
process and only in some specific cases the simultaneous
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HV source. The discharge was ignited when voltage of 5500 V
was applied on the electrodes then the voltage drop reached a
value 400 V. Gas samples from the discharge exhaust were
analyzed by GC-MS (Gas Chromatograph-Mass Spectrometer). The formation of various stable products and their dependence on the flow rate and discharge power was investigated
during the experiments.
The main products formed in our atmospheric glow
discharge were found to be C2H2, HCN, and CH3CN. The
yields of these compounds are such that HCN > C2H2 >
CH3CN. Minor products detected were: ethane, ethene,
cyanogen, propene, propane, propyne, 1,2-propadiene,
1-butene-3-yne, 1,3-butadiene, 1,3-butadiyne, 2-propenenitrile, 2-propanenitril, 2-methylpropanenitrile, 2-methylpropane-nitrile, benzene, and toluene.
These same molecules have been detected in Titan’s
atmosphere2 and the present experiments may provide some
insights into the plasma chemical mechanisms prevalent in
Titan’s atmosphere.

attack of oxidizing agent on other groups has to be taken into
account (e.g. HO- and NH2- substituted diaryl amines). In the
case of bifunctional secondary amines (1) the presence of two
–NH- group in the molecule initiates the problem of the
preferential attack of oxidizing agent, which can lead to two
different types of aminoxyl radicals (2,3) (Figure 1)

Figure 1.
EPR investigation of the series of 7 bifunctional
secondary amines X-C6H4-NH-C6H4-NH-R (X, R = alkyl
substituent) has shown that both types of aminoxyl radicals are
in equilibrium, which position is influenced by the solvent and
substitution. Under specific experimental conditions pure EPR
spectra of both types of aminoxyls can be registered. The
formation of corresponding aminoxyl radicals was confirmed
also in the case of trifunctional secondary amines.

This work has been supported by the Grant UK/140/2010,
Slovak Research and Development Agency VEGA 1/0051/08,
APVV 0365-07, ESF COST Actions CM0601, CM0805,
EUROPLANET TNA2, and Czech Science Foundation, project
No. 104/09/H080.
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Prints change upon the exposed to light is a generally
known fact1. The UV part of electromagnetic spectrum is
richer in energy, so it should induce more severe colour
changes than the visible light. Protection of prints and study of
protection measure is therefore needed. When varnishes are
applied, they should restrict the access of pollutants and UV
radiation to the prints. But not always UV absorbers are
present.
This work focuses on the testing of protective measures
of various varnishes on samples produced by dye-based inkjet
prints. Various varnishes were applied on the samples in two
different layer thicknesses and on Pyrex glass plates as well.
This was done in order to determine the layer transmittance.
Data obtained from the spectral measurements show which
varnishes absorb in the UV part of the spectrum. The
accelerated light fastness test was carried out in a xenon test
chamber, where samples were exposed for 120 hours. Changes
in colour were followed by the drop of optical density
calculated from spectral measurements2,3.

Recent space missions have revolutionized our
knowledge of planetary atmospheres in the solar system, most
notably those of Mars and Saturn moon Titan. Simultaneously,
laboratory plasmas have been used to mimic the physical and
chemical processes within such planetary atmospheres both
to benchmark physico-chemical models and to interpret
observations e.g. by providing plausible candidates for both
spectral and mass spectrometric studies1.
In this contribution we report the products formed in an
atmospheric pressure glow discharge fed by a different N2CH4 gas mixtures which mimics Titan’s atmosphere. The
discharge with Gliding Arc electrode shape with interelectrode distance of 1 mm) was powered by a non-pulsed DC
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1-P32
FREE RADICALS IN THE NAILS AFFECTED BY
FUNGI MYCOSIS (ONYCHOMYCOSIS)
PAVEL STOPKA

Quinoline and its derivatives are known to form
complexes with transition metal(II) halides1-2. Thermodynamic studies related to the transition metal(II)-nitrogen
coordinated bonds are not found in literature. The present
work is concerned with the synthesis, thermal studies and
calorimetric determination of thermochemical parameters of
the adducts formed by metal(II) bromides with the ligand
1,2,3,4-Tetrahydroquinoline.
The adducts MBr2.nL where (M is Zn, Cu, Ni, Co or Fe;
L is; 1,2,3,4-Tetrahydroquinoline(THQ); n=2, 3, 3/2 or 3/4)
were synthesized and characterized by elemental analysis,
melting points, IR, UV and thermal analysis. Thermochemical
parameters involved in the formation of adducts were
determined by solution-reaction calorimetry.
The analytical data is in close agreement with the
proposed stoichometry of the adducts. The yields range from
22 to 60%. The pattern of the IR spectra of the adducts is
similar to that of the ligands, although slight dislocation,
splitting and variation in some band intensity is observed,
indicating the bonding of ligands to the central metal ion3-4.
The ligand field parameters for cobalt adduct have been
calculated according to Lever5. Considering the number and
position of the bands6-7 and according with the magnitude of
the crystal field parameters as compared with that of Bolster6,
it is concluded that two nitrogen atoms from two ligand
molecules and two bromides ion pseudo-tetrahedrally
surround Co(II). The ligand field parameters for the Ni(II)
demonstrate the same results as for cobalt having pseudotetrahedral geometry but one of the bromide ions is attached to
other Ni(II) in dimeric structure. For the cu(II) adduct, the
electronic spectra shows a rather broad assymetrical band with
maxima at 10528 cm-1. Its intensity and position corresponds
observe for pseudo-octahedral compounds. The adduct of
Fe(II) has pseudo-octahedral symmetry. The TG/DTG data
shows the loss of the ligands in several steps of mass loss
followed by the loss of bromine or complete loss of the ligand
and part of the bromine. All the adducts left a residue which is
part of the metals or metal and bromide. DSC curves show
few endothermic peaks due to melting and decomposition of
the adducts, consistent with the TGA data.
The standard enthalpies of Lewis acid/base reaction
(rHθ) of the adducts were determined using solution reaction

Institute of Inorganic Chemistry v.v.i., Czech Academy of
Sciences, 25068 Rez, Czech Republic
stopka@iic.cas.cz
Fungus of the nails, onychomycosis, is action of microorganisms on the nail bed and nail. We studied fungal disease
of the nails in order to detect and identify the generated free
radicals, if they are present in the affected nails. Free radicals
were measured by EPR spectroscopy. The EPR spectrometer
was from Bruker Biospin Elexsys, type E-540. Recording and
evaluation of spectral parameters was carried out through
programmes of Bruker (Linux) and graphic programme
Origin. The measurement was carried out at room
temperature. Samples of the nails from inches were left leg
(struck nail) and right hand man (healthy nail). The nails
samples (oldest part of the nails, strips of nails at the end of
the nail beds) were placed in a quartz tubes. Measurements
were performed in the time intervals, to find out the time
course changes of free radicals concentrations.
We found that the affected nails contain free radicals, whose
concentration varies depending on certain factors. Our results
could be applied in the treatment of nail out fungi. Our idea is
to find relations between nail mycosis of human nails and the
presence of free radicals.
We have found that the affected nails showing
significant EPR signal. This signal virtually disappear after 14
days, free radicals are no longer present. In healthy nails no
free radicals were detected. Affected nails have been treated
by drug “Terfimed”.
Monitoring of free radicals in the samples of the nails
and changes in their concentrations might i) speed up and
clarify the diagnosis of nail mycoses, ii) monitor the progress
of the treatment of this objectively relatively rapid method and
estimate prognosis treatment more precisely, iii) contribute to
the acquisition of additional knowledge about this disease.
Another measurement of free radicals may determine more
accurately the context and the relationship between nail
mycosis and skin mycosis.
This work was supported by Research Goal MSM 0021620816
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calorimetry. The standard enthalpies of formation (ΔfHθ), the
standard enthalpies of decomposition(ΔDHθ), the standard
lattice enthalpies (ΔMHθ) and the standard enthalpies of Lewis
acid/base reactions in gaseous phase (ΔrHθ(g)) were calculated
by several thermochemical cycles. The standard enthalpies of
M-N bonds, being equal to D(M-N) = - ΔrHθ(g)/n. Based on the
values for ΔrHθ the acidity order of the salts for the adducts of
the same stochiometry obtained is: CoBr2 > CuBr2 > ZnBr2.
Using the D(M-N) values the acidity order is CoBr2 > ZnBr2 >
CuBr2.
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morphology of the support and the size of particles in suspensions used for deposition. Incompact and highly porous
thick films with variable thickness up to 10 μm were formed
using less homogeneous suspensions containing agglomerates
of the precipitated titania catalyst. These coatings are highly
cracked but no significant influence of the cracks on coating
stability was observed. Prolonged homogenization changes the
particle size distribution in suspensions considerably. More
stable suspensions contain smaller particles and the coatings
they form are more compact. The thickness of these coatings
varies in the range of 1 μm - 20 µm. From Aeroxide® P25
nanopowder, which forms highly homogeneous suspensions
with small particle size, coherent porous almost crackless
thick films were prepared. The more rough commercial
supports are coated with slightly thinner films than the laboratory made substrates.
In the investigations of photocatalytic activity linear
TOC decrease with reaction time was observed - under applied
conditions the phenol photomineralization obeys the zero
order kinetic law. The best photocatalytic activity is found for
films prepared from Aeroxide® P25 and annealed at 600 °C.
The photoactivity of precipitated titania coatings is lower in
comparison with Aeroxide® P25 films. The difference in
activities of these catalysts originates most likely in higher
photoactivity of Aeroxide® P25 nanopowder and also in the
higher amount of deposited titania in comparison with coatings prepared from precipitated titania. The thinner titania
coatings supported on commercial foam show slightly lower
photoactivity comparing with the thicker films on substrates
prepared by replica technique.
Cerium(IV) doped TiO2 films show comparable or lower
photocatalytic activity than the activity of undoped titania
coatings. On the other hand photomineralization rate constants
obtained for the Zr(IV)/TiO2 thick films show higher values
than the rate constants calculated for immobilized non-doped
titania.
Macroporous ceramic foam supported titania thick films
prepared by immobilization of powder precursors are effective
photocatalysts in aqueous solutions. They can even completely
photomineralize organic compounds, e.g. phenol. The
photocatalytic activity of the ceramic foam supported coatings
is well comparable to the photoactivity of precursor powder
suspension with the same mass of titania. Photo-catalytic
coatings show about 75 % of the photocatalytic acti-vity of
corresponding powder in suspension. Since the repeated use of
the foam supported titania thick films does not influence
remarkably the photocatalytic activity, these structu-red
photocatalysts represent highly promising materials for
environmental applications.
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TiO2 THICK FILMS SUPPORTED ON RETICULATED
MACROPOROUS Al2O3 FOAMS AND THEIR
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MELINDA VARGOVÁ1, GUSTAV PLESCH1, ULRICH
F. VOGT2, KAROL JESENÁK1 and MICHAL
GORBÁR2
1
Faculty of Natural Sciences, Comenius University, Mlynska
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2
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In recent time much interest has been devoted to studies
of photocatalytic reactions, which can be used for purification
of aqueous or atmospheric environment. The development of
eco-friendly methods for complete destroying of organic
pollutants became an imperative task. The research has been
centered mainly on advanced oxidation processes for the
destruction of organic species. Titanium dioxide is the most
commonly used semiconductor photocatalyst since it exhibits
high effectivity and stability together with low toxicity and
adequate price1. The main disadvantage of using suspensions
of nanopowders, which frequently show high photoactivity, is
that the recycling of the nanocrystalline catalyst from the
treated water is cumbersome and uneconomical, especially
due to waste water. Therefore it is highly advantageous to
immobilize the nanocrystalline TiO2 powder catalyst on an
appropriate support. Structured catalysts and reactors are
gaining increasing attention since in practical applications
often a shaping of the catalyst is required. Reticulated
macroporous ceramic foams are well established for industrial
applications as structured catalyst supports since they exhibit a
high porosity and low flow resistance. The open three
dimensional reticulated structure of macroporous ceramic
foams is capable of homogenizing non-uniform flows as well
the concentration of species in the flow and is well suited for
substrate of photocatalytic layers2,3.
This contribution is devoted to studies on TiO2 thick
films deposited on ceramic reticulated foam substrates.
Commercial Aeroxide® P25 nanopowder, TiO2 powders synthesized by coprecipitation4 and TiO2 powders doped with
Ce(IV) and Zr(IV) were deposited on macroporous foams by
dip-coating from suspensions of powders and subsequently
annealed up to 750°C. Two sorts of alumina foams were
employed to support photocatalyst coatings - foams prepared
in laboratory by the replica method with pore density of 10 ppi
and 15 ppi (pores per inch) and commercial foam ceramics
(Vukopor® A) with pore density of 15 ppi. These two types of
supports differ mainly in their microstructure. The commercial
foams have thicker struts and their surface is fairly rough in
comparison with the rather smooth surface of the laboratory
prepared supports. The photochemical mineralization of
aqueous phenol solutions catalyzed by TiO2 films was investigated by determination of total organic carbon (TOC) under
UVA light emitting lamp as a source of irradiation.
Immobilization of titania powder precursors on cera-mic
foams leads to thick films with sufficiently good stability and
adhesion of the catalyst to the substrate. The micro-structure
of titania coatings is highly influenced by the surface

This work was supported by the Scientific Grant Agency of the
Slovak Republic VEGA (Grant No 1/0162/10)
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A dynamic behavior evaluation study of the developed
model was also performed considering three different scenarios. From the dynamic point of view, the system behaves as
an element with a large time constant and a large time delay.
Hydrogenation multiphase catalytic reactors have complex behavior due to heat, mass and kinetic interactions, which
are dependent upon the operating conditions, as well as on the
trajectory from one state to another. From this point of view,
the use of advanced control strategies together with on-line
optimization techniques appears to be a suitable procedure to
deal with the problem of operating at high level of performance and safety and respresent a future task.
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The industrial synthesis of 2-ethyl-hexanol (plasticizer
alcohol) is based on the hydrogenation process of 2-ethylhexenal in a catalytic trickle bed three-phase hydrogenation
reactor. At present time, 2-ethyl-hexanol and n-butanol represent around 70% of the global consumption of plasticizers
alcohols. The hydrogenation process can occur in liquid phase
and in gas phase. This paper will focus on the liquid phase
hydrogenation process preffered in chemical industries, due to
it’s advantages. The reaction pathway is presented in scheme
1:
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co-funded from European Social Fund through Sectorial
Operational Program Human Resources 2007-2013and by
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2-L2
SOL-GEL PHASE TRANSITIONS OF TEMPERATURESENSITIVE BIODEGRADABLE COPOLYMERS

Scheme 1. Reaction pathway
where A= 2-ethyl-hexenal (reactant), B= 2-ethyl-hexanal
(intermediate product), and C= 2 ethyl-hexanol (final product).
A dynamic model of the hydrogenation process can be
used to evaluate the operational challenges and to understand
the processes developed in the reactor. The actual literature
reported some kinetic studies1 of the hydrogenation reaction
but no mathematical model of the process is given.
The distributed parameters model developed in this
paper is based on the mass and energy conservation principles.
It consists of balance equations for gas and liquid phases. Reaction rate equations2, transport models and mass
balances are coupled to generalized heterogeneous models
which were solved with respect to time and space with
algorithms suitable for partial differential equations. The
importance of mass transfer resistance inside the catalyst
pellets as well as the dynamics of the different phases being
present in the reactor is presented.
The basic assumptions about the hydrogenation reaction
are: i) model parameters are constant in the radial cross
section of the reactor (piston-type flow); ii) heat transfer by
conduction and radiation are neglected in the axial direction;
iii) both gas and liquid velocities are taken constant; iv) the
hydrogenation reactor is adiabatic operated; v) both phases are
considered ideal mixtures; vi) the chemical reaction takes
place only on the catalyst surface.
Model validation is the core of the identification problem
because it makes possible to evaluate the model quality. For
model validation eight different cases were chosen to compare
simulation results with plant data acquired from functional
hydrogenation reactor at S.C. Oltchim S.A, Ramnicu Valcea
(Romania). These cases cover a specific domain of reactor
loading. The comparison of simulation results with plant data
indicates a good prediction.
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Temperature-sensitive polymers based on hydrophilic
poly(ethylene glycol) (PEG) and hydrophobic poly[(lactic
acid)-co-(glycolic acid)] (PLGA) copolymer are being investigated extensively for medical applications (e.g. injectable
polymer drug delivery systems, tissue implants and resorbable
adhesives) because of their nontoxicity, biocompa-tibility and
bioresorbability.
The PLGA-PEG-PLGA triblock copolymers with
PLGA/PEG weight ratio equal to 1,5; 2,0; 2,5; 3,0 and LA/GA
molar ratio equal to 2,4; 3,0 and 3,4 were prepared via ring
opening polymerization (ROP). Prepared copolymers were
subsequently modified in “one pot” by itaconic anhydride
(ITA) in order to functionalize both ends with carboxylic acid
groups and reactive double bonds. Chemical structure was
characterized by means of gel permeation chromatography and
nuclear magnetic resonance.
These copolymers are soluble in water forming freeflowing solution (sol) that spontaneously gels as the temperature increases generating a water-insoluble physical hydrogel. Sol-gel phase transitions of both modified and unmodified
triblock copolymers were studied by test tube inverting
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COCH3

method. It was found that PLGA/PEG ratio affects the critical
gel temperature (CGT), whereas LA/GA ratio has influence on
the critical gel temperature (CGT) of copolymers. Both
unmodified and modified copolymers with PLGA/PEG weight
ratio equal to 3,0 were water insoluble due to the high hydrophobicity. When PLGA/PEG ratio was reduced to 2,0 the
copolymers displayed clear gel at temperature from about
31 °C to 40 °C followed by the white gel up to the approx.
50 °C. Farther reducing PLGA/PEG ratio increased the CGT.
When the PLGA/PEG weight ratio is lower than 1,5; copolymers are too hydrophilic to form gel or the CGT is very high
(more than 45 °C). The PLGA-PEG-PLGA and ITA/PLGAPEG-PLGA/ITA copolymers with the same PLGA/PEG ratios
display similar CGT. However, ITA functionalization improved sol-gel characteristics of original PLGA-PEG-PLGA
copolymer by approaching gel phase to body temperature.
As a result, aqueous solution of ITA/PLGA-PEGPLGA/ITA having LA/GA = 3,0 and PLGA/PEG = 2,0 with
concentration higher than 6 wt% might be suitable material for
biomedical applications as injectable temporary implants.
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The values of diffusion exponent (n) according to
Korsmeyer-Peppas equation were calculated for evaluation
of release mechanism. Therefore, it was discovered that transport into the network was dominated by swelling and the
delivery of model drugs was controlled due to pH and ionic
strenght of the environment. Thermal analyses of the modified
polysaccharide as well as the crosslinked materials were
evaluated in order to find out possible structural changes after
chemical modification. We noticed that thermal stability of the
derivatives had effectively increased with the partial modification. Incorporated secondary amines within the network
had provided stronger interactions. As a result, stability increased after crosslinking. Moreover, the introduction of pHsensitive groups into the network allow tuning of properties at
the molecular level and a reversible switching from shrink to
swollen state as a response to changes of pH.
The properties of the crosslinked material can be modified varying experimental parameters such as molecular
weight of hyaluronan, degree of substitution and gelation time.
According to scanning electronic microscopy (SEM), the
materials prepared in this fashion shows good wall interconnectivity and porosity. Furthermore, the materials were
tested as not citotoxic.
The study of those properties has allowed us to believe
that the material may be potentially used for drug delivery
applications2, as a matrix for biosensors or as permeation
switches3.

This work was supported by the Czech Ministry of Education,
Youth and Sports under the research project no. MSM
0021630501 and the program NPV II 2B06130.
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TOWARDS THE DEVELOPMENT OF NEW
MATERIALS BASED ON HYALURONIC ACID
GLORIA HUERTA-ÁNGELES1, EVA PŘIKOPOVÁ1,
JIŘÍ KISLINGER3 JAN SOKOLOV1,2, MARTIN
PRAVDA¹, MILOSLAV PEKAŘ3 and VLADIMÍR
VELEBNÝ1.
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Contipro group, Dolní Dobrouč 401, 561 02 Dolní Dobrouč,
Czech Republic, 2Gymnázium, Žamberk, Nádražní 48, 564 01,
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The use of hyaluronic acid (HA) in pharmaceutical
compositions has demonstrated enhanced effectiveness in the
prevention or treatment of connective tissue damage.
However, this polysaccharide degradates enzymatically in the
body. The use of chemically modified and crosslinked
derivatives of hyaluronic acid increases the stability of the
implant. Therefore, new suitable crosslinking reactions which
employ mild conditions and which are compatible with sensitive biomolecules should be developed. In this work, HA
was chemically modified using a process of oxidation and
reductive amination with primary amines containing either a
terminal azido or alkynyl terminal group. The crosslinking
reaction of these derivatives via click chemistry1, led to the
formation of insoluble networks of type (I).

This work was supported by TIP FR-TI1/150 from the
Ministry of industry and trade of the Czech Republic.
REFERENCES
1. Rostovtsev V. V., Green L. G., Fokin, V. V., Sharpless
K. B.: Angew. Chem. Int. Edit. 41, 2596 (2002).
2. Qiu Y., Park K.: Adv. Drug Deliver. Rev. 53, 321 (2001).
3. Hoffman A. S.: Artif. Organs 19, 458 (1995).

s911

Chem. Listy 105, s871 – s1072 (2011)

Materials Chemistry – Oral Presentations
it is apparent from IR spectra of by step annealed latent
pigment or evaporated layer at temperatures above 170 °C.
The effect was confirmed by the x-ray structural analysis.
The hydrogen sensor based on 4PyPP4Py thin film with
catalytic Pd interlayer for hydrogen dissociation was fabricated and tested. Evaporated layer of phase I is able to bond
hydrogen atom produced by Pd catalytic dissociation. Its
electron is attracted to pyrrolinon oxygen and can contribute to
n-type conductivity increase (confirmed by field effect conductivity of the layer) by orders from typical 1·10-12 Σ-1cm-1 to
1·10-6 Σ-1cm-1 in 100 % hydrogen.

2-L4
POLYMORPHISM OF 3,6-BIS-(4'-PYRIDYL)-2,5DIHYDRO-PYRROLO[3,4-C]PYRROLE-1,4-DIONE ,
MATERIAL FOR HYDROGEN SENSOR
OTA SALYK 1 and JAN VYŇUCHAL2,
1

Brno University of Technology, Faculty of Chemistry,
Purkyňova 118, 612 00 Brno, Czech Republic
2
Synthesia a. s., Pardubice, Semtín 103, CZ-532 17 Pardubice,
Czech Republic
salyk@fch.vutbr.cz
The 3,6-Diphenyl-2,5-dihydro-pyrrolo[3,4-c]pyrrole-1,4dione (BPPB) and its analogues diketo-pyrrolo-pyrroles
(DPPs) are industrially important organic pigments1,2. By the
substitution of the phenyl group by the pyridyl group
we get 3,6-bis-(4'-Pyridyl)-2,5-dihydro-Pyrrolo[3,4-C]Pyrrole1,4-dione (4PyPP4Py). This brings affinity to protons at the
pyridyl nitrogen, firmer crystalline structure due to intermolecular hydrogen bonds, and change of the molecular dipole
momentum and conductivity inversion into n-type3. The
sensing layers prepared by vacuum evaporation and from the
solution of so called latent pigment (Figure 1) were studied
with respect to polymorphism and compared with the native
and purified powder.

Figure 2. Detail of the IR spectra development of various
sample forms and treatment effect.
This work has been supported by the Czech Science
Foundation in the projects GACR 203/08/1594.
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Figure 1: Transition of the 4PyPP4Py to its latent soluble
form.
Native as synthesized substance contained a lot of impurities, which can be removed by conditioning (boiling in
dimethylformamide). It achieves a bright red colour. Its purity
was verified by the thermogravimetric analysis as well as the
resistance to the decomposition. Its IR spectrum shows a
movement of dominant peak to 1649 cm-1 of oxygen stretching oscillations where situated only a small shoulder before
(Figure 2). The evaporated from native substance thin film
shows the same peak position although a wide shoulder
occurred on site of bigger wavenumber (1674 cm-1). It was
concluded that this peak is not a new chemical bond but it is a
shift as a result of intermolecular interactions due to crystallographic arrangement and creating new intermolecular hydrogen bridge bonds. In compliance with Mizuguchi et al.4 and
Lunak et al.5 it is anticipated that there exist two phases
differing by bonding of pyridyl nitrogen to pyrrolinone
oxygen of the next molecule. These bonds are absent in phase
I where the intermolecular interactions are in between lactam
groups while pyridyl nitrogen is free and able to attract a
proton. In phase II the pyridyl nitrogen atoms are saturated by
the hydrogen bond to the next molecule lactam.
Phase II is present in native substance. It is transferred
to the phase I by conditioning or condensation from vapours at
evaporation. Annealing converts it back again to phase II, as
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Annealing influences morphology of PP-IC copolymer
and join together EPR domains in the particles. The dimensions of domains increase with increasing annealing time.
This study was attached to changes of homopolymer and
copolymer phases. A part of homopolymer phase flow out
from the particles and create compact sample. The rest of the
homopolymer rest inside of the particle and create the relative
fixed spatial arragement of the particle. It preserves the shape
and dimensions of the particle even at long annealing times.
Copolymer agglomerates1 inside of the particles.

2-L5
CHANGES OF MORPHOLOGY OF COPOLYMER
POWDER PP-IC AT 210°C AND AT VARIOUS
ANNEALING TIMES
JIŘÍ SADÍLEK1, JAROSLAV KUČERA2, ZDENĚK
BURÁŇ2, and KLÁRA SMOLNÁ2
1
Polymer Institute Brno, Tkalcovská 36/2, 656 49 Brno, Czech
Republic, 2Institute of Chemical Technology, Technická 3, 166
28 Prague, Czech Republic,
sadilek@polymer.cz

Authors are thankful to Ministry of Industry and Trade of
Czech Republic for financial support, grant FR-TI1/272.

Copolymer powder PP-IC is prepared in two step
process. Homopolymer matrix with high number of pores1 is
prepared in the first step. Copolymer prepared in the second
step fills the pores1 and surface of the homopolymer powder.
The aim of this work is to state the morphology of PP-IC
powder at constant temperature and at various annealing
times.
Typic copolymer powder with 15 vol. % of EPR was
chosen (Mn = 69 500 g.mol-1; MFR = 3,5 g/10 min). Samples
were prepared at 210°C and with annealing times 2, 20 and
200 minutes in closed iron chamber after annealing was
cooled down to laboratory temperature and then was conditionated for 24 hrs at 23°C. Middle part of the sample was
used for AFM, Figure1, and SEM microscopy, Figure 2.
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OPTIMIZATION OF CROSS METATHESIS
REACTION OF OLEOCHEMICALS WITH ETHYL
ACRYLATE
MUDASSAR ABBAS and CHRISTIAN SLUGOVC
Institue of Chemistry and Technology of Materials, Stremayregasse 9, Graz university of Technology, Graz, A-8010,
Austria.
mabbas@student.tugraz.at
In the last few years olefin metathesis of renewable
resources has gained much attention for the synthesis
of numerable products in Organic and Polymer Chemistry.1
In particular the cross-metathesis with acrylates is preferred
over ethenolysis due to ease of reaction and for synthesis
of new α-ω-bifunctional products.2 Previously the solvent free
reaction conditions using Hoveyda type 2nd generation
initiators have been used for this type of reactions.3
Furthermore, optimized reaction conditions using series
of initiators has been reported by our group for the cross
metathesis of terminal olefins with ethyl acrylate.4 So the
scope of this investigation is expanded to the valued raw
materials from renewable resources especially for cross
metatheis of oleylamine.

Figure 1. AFM pictures of sample annealed at 210°C for
200 minutes. On the left there is picture with phase contrast,
on the right side there is topography picture. The EPR phase is
dark on the left pisture and on the right picture is bright. Space
among the particles and border parts of particles are well seen
on these two pictures.

Scheme 1. Cross-metathesis of oleochemicals with ethyl
acrylate
In the latter case proper protective groups provide entry
into metathesis reactions.5 Various protecting groups are tried
for this purpose and high yields were only obtained with the
acetyl group. Environmentally benign solvent free reaction
conditions with commercially available Hoveyda 2nd generation catalyst, more economical M51 and with ester type cis-

Figure 2. SEM scan of sample with diluted copolymer phase.
Great holes that were created by coalescence of copolymer
(EPR) phase were created in the particles after 200 minutes of
annealing at 210°C.
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dichloro catalysts6 such as 1 in the conversion of oleochemicals will be presented.

based on polythiophene and polyphenylenevinylene were
used. The optical and electrical properties of new materials
were studied in details. The special attention was also paid to
the film-forming properties of the materials and to the
morphology of the prepared thin films. The thermal, thermooxidative and light stability of the materials and prepared
multilayered systems was characterized. The results show that
low molecular weight materials (especially some of the DPP
derivatives) exhibit significantly higher stability than polymeric one. On the contrary, polymeric materials exhibit better
film-forming properties and more stable morphology of bulk
heterojunctions.
Based on these results, organic solar cells with planar
and bulk heterojunctions were prepared, both in the standard
and inverse structure. The above mentioned polymer materials
were also used for preparation of textile solar cells, various
strategies for their preparation will be presented in the
contribution. In both cases the aim was to prepare the cells
without the use of high-tech procedures (such as vacuum
technology, clean room, boxes with an inert atmosphere), to
be as much as possible closer to industrial conditions of
production. Therefore the solar cells were prepared on flexible
PET substrates and printing methods were used for the
deposition of the whole photovoltaic structures. Results and
cell efficiency were compared with cells that are prepared by
standard procedures. The overall efficiency of the prepared
structures do not exceed 2%, however, they demonstrate the
possibility of preparing large-scale photovoltaic structures
using inexpensive technological processes allowing a low-cost
high-volume commercial production.

Fig. 1. Initiators used for cross-metathesis
This work was supported by the European Community (CP-FP
211468-2 EUMET).
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PETER M. WORSCH, HEIMO SCHNABLEGGER
and OTTO GLATTER

Organic solar cells represent an interesting alternative to
current photovoltaic sources. Although it is assumed that crystalline silicon will dominate the market for at least 5 years,
nowadays the first commercial installations of organic photovoltaics appear. Several industries such as Konarka Technologies, Heliatek, Plextronics, SCHOTT Solar AG, Merck
KgaA, Greatcells and others now intensivelly work on
development and manufacture of organic solar cells and
modules. At the Faculty of chemistry BUT we focus on the
development and characterization of new materials for organic
photovoltaics and development of new organic photovoltaic
structures such as textile solar cells.
New materials based on diketopyrrolopyrrole and
phthalocyanine derivatives were synthetized and applied in
organic photovoltaics. As a reference, pi-conjugated polymers

Anton Paar GmbH, Anton-Paar Str. 20, A-8054 Graz, Austria
peter.worsch@anton-paar.com
The Small-and Wide Angle X-ray Scattering (SAXS)
System "SAXSess mc2" is a measuring instrument for
advanced nanotechnology laboratories.
It is used to study the size, shape and internal structure of
macromolecules, the structure of surfaces as well as the
surface-to-volume ratio (specific) and the crystalinity of
nanocomposites presented in many substances ranging from
polymers to biomaterials.
In the standard SAXS configuration (transmission
mode), the SAXSess mc2 acquires scattering data continuously
from 0° to 40° scattering angle.
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where EPP is the modulus of PP and q is a geometrical factor
equals nearly 2.
To compensate the decrease of stiffness of the foamed
sheet, especially in bending mode, the sandwich structure
A-B-A of sheet was taken into account 2. It was shown that the
stiffness of PP for a sandwich with layers A made from
standard filled PP (fillers: talcum, kaolin) can be reached for
cases when relative thickness of outer layers A is greater then
0.1 with respect to the thickness of the whole sheet.
Some filled polypropylenes were prepared and properties
of thin extruded sheets (thickness about 1 mm) were tested
(modulus of elasticity, tensile strength, toughness). It was
concluded that it is necessary to use impact PP copolymer as
a matrix and that the optimal filler mass fraction is in the
range about 20 %. The modulus of the materials was high
enough and the rheological properties were satisfactory for
sandwich production.
Mean diameter and the dispersion of dimensions
of bubbles are very important for foamed materials. The
influence of these was computed (FEM). The results show that
the increase of stress concentration depends on the finite ratio
of the diameter of bubbles and sheet thickness, i.e. for larger
bubbles decreases the stiffness and also the strength of sheet
(Fig. 2).

2-L9
DEVELOPMENT OF SANDWICH STRUCTURE
OF CO-EXTRUDED POLYPROPYLENE SHEETS
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LADISLAV POSPÍŠIL2 and OLDŘICH ŠUBA3
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The development of co-extruded polypropylene (PP)
sheets was focused to decrease their weight and to preserve
their high stiffness, good strength and sufficient toughness as
well. To maintain these properties, the high molecular weight
impact copolymer PP (Mosten EH501, UNIPETROL, CR)
was used.
It is known that the most effective way how to decrease
the specific weight of a sheet is to foam the polypropylene
melt during the processing. Two technological ways of
foaming are discussed in this contribution, namely the
chemical one based on a decomposition of inorganic salts and
the physical one based on an evaporating of hydrocarbons
encapsulated into some soft microcells or a combination of
both, respectively. The degree of foaming Φ up to 30 % was
reached. A typical structure of such foamed co-extruded PP
sheet is given in Fig. 1.
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Figure 2. Dependences of modulus of elasticity and stress
concentration on the ratio of the diameter of bubbles and the
sheet thickness.
The properties of sheet sandwiches with foamed PP core
layer were tested. The toughness was determined by the dart
test (CEAST DARTVIS equipment), the strength was tested
by standard tensile test (INSTRON 4466 tester) and stiffness
was evaluated as the effective modulus at tensile and bending
tests (INSTRON 4302 tester). The experimental results confirmed relatively well the theoretical relations.
This work was supported by MPO ČR, grant No. FR-TI1/232.
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Figure 1. An example of foamed PP structure (microtome
slice).
The modulus EF (stiffness) of the foamed sheet decreases
with respect to the PP according to the equation 1 1:
EF = EPP ⋅

1− Φ
1 + Φ ⋅ (q − 1)

(1)
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correctly subtracted at prolonged measurement times2.
As a consequence of this fact, values of elastic modulus and
hardness were underestimated.
From the depth profiles obtained by both conventional
and cyclic indentation under a diminished drift, we observed
different mechanical properties of plasma polymer thin films
prepared at different powers (0,1; 2,5 and 10 W), most
probably as a consequence of different polymer cross-linking.
There is a general rule of thumb applied to the problem of
evaluation of nanoindentation data, which says that values of
mechanical properties are not influenced by substrate of the
film until 10 % of the film thickness4. Our results proved that
the rule can be used for hardness, but in the case of modulus
the application is limited especially for stiffer films.
Based on the comparison of conventional and cyclic
nanoindentation, we found out that both techniques give very
similar and reproducible values of mechanical properties.
Thus we could admit that cyclic indentation is reliable method
for fast construction of depth profiles of modulus/hardness.

2-L10
EVALUATION OF MECHANICAL PROPERTIES
OF PLASMA POLYMER FILMS USING
CONVENTIONAL AND CYCLIC
NANOINDENTATION TECHNIQUES
ERIK PÁLESCH, VLADIMÍR ČECH, RUTUL TRIVEDI
and LUKÁŠ HOFEREK
Institute of Materials Chemistry, Faculty of Chemistry, Brno
University of Technology, Purkyňova 118, 612 00 Brno, Czech
Republic
xcpalesch@fch.vutbr.cz
Plasma polymer films are important materials with
applications in many areas including electronics, magnetic
media, optical devices and protective layers of engineering
components1. In such developments, good understanding
of mechanical properties is essential2. Among other techniques
available, nanoindentation is very suitable method for determining mechanical properties of thin films, such as elastic
modulus, hardness or stiffness, at submicron levels.
In the conventional approach to nanoindentation method,
measuring cycle consists of loading segment followed by
dwell time (hold time) at peak load, and unloading segment at
last. Loading causes both elastic and plastic deformation,
while during unloading, mostly recovery of elastic deformation occurs. In nanoindentation experiments, variation of
loading rate, hold time or strain rate can modify the time
dependent deformation of material depending on its viscoelastic or elasto-plastic properties2. Enhancement of this
classical approach just described above is cyclic nanoindentation, where the sample is loaded to higher loads immediately
after previous cycle was performed. This can be used quite
effectively when depth profile of mechanical properties
(modulus/hardness in our case) needs to be investigated. The
reloading path should not overlap with previous cycle, thus
resulting in hysteresis loops2. This technique was previously
used by some researchers for study of phase transitions of
heterogeneous structures of materials3.
In the study here presented, we investigated the influence
of experimental parameters, namely hold time, loading rate
and applied load during conventional nanoindentation experiment and we also used cyclic nanoindentation tests to construct depth profiles of samples prepared at different powers of
plasma discharge. We were able to compare classical and
cyclic nanoindentation in order to demonstrate, how the drift
rate and substrate affect the measured values of elastic modulus and hardness. Values of reduced modulus and hardness
were evaluated from upper portion of the unloading segment
by fitting it to a power law according to Oliver-Pharr method.
For the purpose of our tests, samples of plasma polymer
films were prepared on squared silicon wafers under steadystate conditions by plasma-enhanced chemical vapor deposition (PECVD) working in pulse mode. The monomer used
was tetravinylsilane (TVS). The thickness of films was determined by in-situ spectroscopic ellipsometry after deposition
process. At last, for investigation of mechanical proper-ties,
nanoindentation head equipped with hard diamond tip
combined with scanning probe microscope was used.
The study found an influence of dwell time and
loading/unloading times greater than 5 s, producing progressive increase of tip displacement due to the system drift not

This work was supported by the Czech Ministry of Education,
grant No. ME09061.
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Although a molecular monolayer is only a few nanometers thick, it can completely change the chemical and
physical properties of a surface. Molecular monolayers can be
readily prepared using chemisorptions on a variety of surfaces.
The self-assembled monolayers (SAMs) are highly ordered
two-dimensional structures that form spontaneously by the
immersion of an appropriate substrate into a solution of an
active surfactant in an organic solvent. The most common
adsorbate/substrate combinations are alkylsilanes on oxide
surfaces.
There are several types of SA methods that yield organic
monolayers. These include alkanethiols and alkanedithiols
on gold1, silver, and copper; dialkyl sulfides and dialkyldisulfides on gold; alcohols and amines on platinum; carboxylic acids on aluminum oxide and silver; and organo-silanes
on hydroxylated surfaces (SiO2 on Si, Al2O3 on Al, or glass),
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i.e., epoxysilane on silicon wafer or glass2, octa-decyltrichlorosilane3 (OTS) and aminosilane4 on silicon substrate.
SAMs of alkanthiols are used as a dielectic layer
in organic thin film transistors5 (OTFT). SAMs of silanes
continue to find use in a multitude of applications in biotechnology and nanotechnology, both as model substrates to
study interfacial interactions and as a strategy to chemically
graft bioactive molecules6. A variety of silanes (mostly
trialkoxysilanes) have been applied as coupling agents in the
natural fibre polymer composites (NFPCs) to promote interfacial adhesion and improve the properties of compo-sites7.
Interfacial interactions and interphases play a key role
in all multicomponent materials irrespectively of the number
and type of their components or their actual structure.
Although the role and importance of interfaces and interphases
are the same for all multicomponent materials, surface
modification must be always selected according to the objectives targeted, as well as to the characteristics of the particular
system8.

mean method. Spectroscopic ellipsometry was used to determine the thickness of deposited films. Detailed information on
the elemental composition of SAMs was obtained by X-ray
photoelectron spectroscopy (XPS). Surface morpho-logy of
deposited films was investigated by atomic force microscopy
(AFM).
This work was supported by GACR, grant No. P106/11/0738.
REFERENCES
1. Hamoudi H., Dablemont C., Esaulov V. A.: Surf. Sci.
605, 116 (2011).
2. Tsukruk V. V., Luzinov I., Jultholgpiput D.: Langmuir
15, 3029 (1999).
3. Dong J., Wang A., Simon Ng K. Y., Mao G.: Thin Solid
Films 515, 2116 (2006).
4. Yang S. R., Kolbesen B. O.: Appl. Surf. Sci. 255, 1726
(2008).
5. Bao Z.: Material Matters, Sigma-Aldrich, 1, 11 (2006).
6. Lee M. H., Boettiger D., Ducheyne P., Composto R. J.:
Silanes and Other Coupling Agents, Brill Academic
Publishers, Leiden 2007.
7. Xie Y., Hill C. A. S., Xiao Z., Militz H., Mai C.:
Compos. Part A: Appl. Sci. Manuf. 41, 806 (2010).
8. Pukanszky B.: Europ. Polym. J. 41, 645 (2005).

2-L12
THE SOL-GEL PROCES IN MANUFACTURE OF
REFRACTORY MATERIALS
LUKÁŠ TVRDÍK1, KAREL LANG1, PETR PTÁČEK2,
LENKA NEVŘIVOVÁ3 and PAVEL KOVÁŘ1
1
P-D Refractories CZ a.s., Nádražní 218, Velké Opatovice
679 63, Czech Republic, 2Brno University of Technology,
Centre for material research CZ.1.05/2.1.00/01.0012,
Purkyňova 464/118, Brno 612 00, Czech Republic, 3Brno
University of Technology, Faculty of civil Engineering, Veveří
331/95, Brno 602 00, Czech Republic,
tvrdik@mslz.cz

Figure 1. Organosilicon on hydroxylated surfaces: (a)
hydrolysis, (b) chemisorption and (c) condensation.
Our study was aimed at SAM deposition using
vinyltriethoxysilane (VTES) or vinyltrichlorosilane (VTCS)
molecules chemisorbed on silicon oxide surfaces. The VTES
monomer molecule is a multifunctional one, which reacts
at one end with the glass surface, and the other end is a
functional group (Fig. 1). The ethoxy group (X= –O–CH2–
CH3) represents a hydrolyzable unit and so the silane is
hydrolyzed to the corresponding silanol (Fig. 1a) in the
aqueous solution to which the glass substrate is exposed.
These silanol molecules compete with water molecules to
form hydrogen bonds with the hydroxyl groups present at the
glass surface (Fig. 1b). When the glass substrate is dried, the
free water is driven off and condensation reactions occur, both
at the silanol/glass interface and between neighboring silanol
molecules (Fig. 1c). The result is a SA monolayer bonded
to the glass surface, presenting an array of vinyl groups
(R= –CH═CH2) oriented outwards. The kinetics of formation
of VTES or VTCS monolayers on planar glass substrate or
silicon wafer with native silicon dioxide layer was characterized by contact angle measurements. The surface free
energy and its components were evaluated using the OwensWendt-Kaelble geometric mean method and the Wu harmonic

Refractory materials are characterized by the ability
resist to enhanced temperatures. This feature is conventionally
described by numerical value refractoriness ≥150 which is
temperature equal or higher than 1500°C. However, serviceability and properties of refractory materials depends on wider
array of factors, e.g. classification temperature, refractoriness
under load, chemical resistance and durability, thermal shock
resistance, permanent change in dimensions on heating, that
are derived from their structure that is affected by applied raw
materials and process of manufacture1,2.
Refractory products can be dividing from several viewpoints such as type of material (oxide and non-oxide ceramics,
fused cast refractory products, refractory castables, refractory
metals...), chemical composition (oxides, nitrides, carbides,
silicon carbides, carbon refractory products...), consistence
(shaped and unshaped refractory products), etc. The increasing
interest in utilisation of unshaped type of refractory materials,
such as gunning materials, dry, tap hole and injectory mixtures, refractory sealants, coatings and castables, etc., hand in
hand with tailoring (prepairing special materials with propers917
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mesenchymal stem cells (MSCs) due to their ability of differentiating into osteoblasts or chondrocytes, respectively2.
The main aim of this work was to devoloped suitable 3D
biopolymer-based composite materials (scaffolds) biocompatible with bone and cartilage tissue. By combining these
scaffolds with MSCs via tissue engineering technique the new
temporary implants for bone and cartilage tissue regeneration
were investigated.
New 3D resorbable porous scaffolds based on the
collagen matrix modified by bioactive filler such as hydroxyapatite nanoparticles or chitosan nanofibres (depending on the
application) have been prepared. These materials have excellent biocompatibility with hard tissues, high bioactivity, and
they are neither antigenic nor cytotoxic3. Porous scaffolds
were additionaly chemically cross-linked in order to improve
mechanical properties and degradation stability. Consequently,
scaffolds were seeded with MSCs prior the testing on animals.
Prepared scaffolds were investigated with a view of chemical
composition, pore size and porosity, biodegradation, biomechanics, proliferenciation of MSCs and their differentciation
into bone or cartillage cells. Based on the results, the pore size
is affected more by concentration of collagen than filler addition, whereas porosity remained almost similar at all samples.
As for MSCs adhesion, the optimal pore size was found to be
aproximatelly 400 μm corresponding to 0,5% collagen involving 50 wt% of additive4.
At preclinical testing bone regeneration, porous composite scaffold of collagen/hydroxyapatite was seeded with allogeneic MSCs and implanted into segmental femoral defect in
miniature pigs5. The MSCs seeded scaffold initiates tissue
regeneration at the deffect and starts to resorb in the body
at predefined time. Radiological and histological examination
and computed tomography of bone defect locations in 16th
weeks after transplantation confirmed positive and faster regeneration of hard tissue into new bone.
Additionaly, the collagen/chitosan scaffold with MSCs
was used for the healing iatrogenic defect of articular cartilage
of the femur condyle also in miniature pigs6. Based on the
histological and immunohistochemical evaluation it was proved that using this type of scaffold new hyaline-like cartilage
grow-up. In contrary, using only plane scaffold or MSCs
alone, only fibrous cartillage in the form of scar arised.
Based on these positive results, projects for clinical
testing of these materials on human patients have been presented.

ties for the specific applications) can be observed at the
present time.
This work is focused on the aplication of sol-gel methods
in production of refractory materials. The colloidal silica with
particle size from 5 to 20 nm is mostly used as the setting
agent in refractory castables to form coagulative structures
(coagulation bonding) in material. The silica sol was introduced into dry castable with water to form a working mixture
with appropriate consistence. With the view to advanced ceramic technology is this method classified as the sol-gel process,
i.e. one of wet chemical synthesis method.
This paper arose of the research project supported by the
project No. CZ.1.05/2.1.00/01.0012 “Centres for Materials
Research at FCH BUT” supported by operational program
Research and Development for Innovations and the financial
support of the research plan MSM 0021630511.
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Bone tissue is capable of regeneration, however the natural bone healing process is in some cases insufficient (e.g. in
excessive loss of bone due to trauma or tumour resection, nonhealing fractures, metabolic diseases, arthrodesis etc.) Likewise, the ability of spontaneous regeneration of articular cartilage is rather low with no effective healing of the defect1. An
important role in the regeneration of demaged tissues of the
musculoskeletal system, such as the bone or cartilage play
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Nečas A., Plánka L., Srnec R., Crha M., Hlučilová J.,
Klíma J., Starý D., Křen L., Amler E., Vojtová L., Jančář
J., Gál P.: Physiol. Res. 59, 605 (2010).
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Thermally stable heterocyclic diaminocarbenes (NHCs)
were synthesized as izolable crystalline solids by Arduengo in
19911. NHCs can be employed in several types of reactions,
including multicomponent couplings and cycloadditions, as
reactants. Moreover, NHCs are viable catalysts for a variety of
reactions, mainly various acyl anion additions.
Because of difficulty in manipulation of these compounds which are moisture (oxygen) sensitive, molecular modelling represents a powerful tool enabling to predict particular
properties and subsequently to intepret experimental data.
Moreover, the prediction of their behaviour as for instance the
catalysts could be performed as well.
Our study was focused on a 1,3-di-terc-butylimidazolium chloride2 (1) and 1,3-di-terc-butylimidazol-2-ylidene3 (2)
as free carbene and their saturated analogues; 1,3-di-tercbutyl-imidazolinium chloride (3), and 1,3-di-terc-butylimidazolin-2-ylidene (4)4. Since generally, both the symmetry and
the energy of HOMO and LUMO (highest occupied and
lowest unoccupied molecular orbitals) have a significant
influence on the mechanisms of reactions of molecules, the
energies of molecular orbitals of NHCs 1-4 were initially
computed. The visualization of selected molecular orbitals and
electrostatic potential-mapped electron density surface was
made using ArgusLab (Fig. 1)5. Both the studied carbenes 2,4
are due to the small band gap very reactive. Further, the
electron density on the carbene centre was bigger onto
carbenes 2,4 than onto corresponding chloride salts 1,36,7.
Bond distances and bond angles of NHCs 1-4 under
investigation were calculated by using PC GAMESS/Firefly8.
The best results were obtained at B3LYP/6-31G(d) level.
In this work, the prediction of the structures of selected
NHCs 1-4 was performed. The calculations were extended by
different DFT funtionals with 6-31G(d) basis set. Data of
already characterized compounds with similar structure, were
obtained from CCDC (Cambridge Crystallographic Data
Centre) and used for comparison with calculated data.
Well corelation between experimental and theoretical
data was found out for 2 by using O3LYP functional, whereas
for 4 by using B3PW91 functional.

Institute of Constrution and Architecture Slovak Academy of
Sciences, Dubravska cesta 9, 845 03 Bratislava 45, Slovakia
Fiber-reinforced cement composites were developed for
potential geothermal well cementing applications due to their
high performance to wisthand aggressive hydrothermal conditions where temperatures may exceed 400°C. Nowadays,
growing interest is paid to the development of geothermal
energy as alternative to energy based on fuel due to its advantage in the savings of natural resources, energy and CO2
emission. During the exploitation of geothermal energy, steel
casings are protected from severe hydrothermal environment
by cementitious sealant that helps to maintain its structural
integrity. Though the minimum compressive strength of cement required for geothermal applications, according to API
(American Petroleum Institute) Task Group is 6,9 MPa, this
criterion cannot however, meet all scenarios, such as pressure,
temperatures, carbonation etc. that may exist in geothermal
wells. Fiber-reinforced cement systems were investigated in
autoclave (under hydrothermal conditions like in geothermal
wells) in order to identify composites offering the best improvement, not only with regard to cement compressive strength,
but also tensile strength, porosity, microstructure and durability. For this propose, basalt fibers were used to reinforce the
cement matrix composed of Portland cement, calcium aluminate cement, phosphate reactant, retarder, stabilizer and superplascizer.
Four different mixtures were investigated and their
strength development during autoclaving at pressures of 4, 12
and 20 bars were studied. The time of hydrothermal treatment
– 2, 24 and 72 hours were used. On test specimens
compressive and tensile strengths were determined, SEM and
mercury porosimetry were used to characterize the pore
structure of cured samples. X-Ray diffraction and thermal
analysis method were also used in this investigation to identify
hydrated products and to characterize their thermal stability.
This article has been produced with the financial assistance of
the European Regional Development Fund (ERDF) under the
Operational Programme Research and Development/Measure
4.2 Transfer of knowledge and technology from research and
development into practice in the Bratislava region /Project
Centre for applied research of composite materials for deep
geothermy.
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The actual industrial scale production of 2-ethyl-hexanol
(C8H18O) through the 2-ethyl-hexenal (C8H14O) catalytic
hydrogenation is one of the most important petrochemical
process. 2-ethyl-hexanol is an oxo-alcohol, beeing used in the
production of various compounds, such as: plasticizers
(dioctylphthalate), acrylate monomers (2-ethylhexylacrylate)
used to modify the properties of acrylic polyesters, solvent for
wax, fats, vegetable oils, insecticides and in mining and as
additive for diesel fuel (Nox reduction) and Lube oils.
In a dedicated chemical reactor, the molecules of 2ethyl-hexenal and hydrogen are both absorbed on the catalysts
surface. Hydrogen is then dissociated to atomic form and the
aldehyde is linked through the non participating electrons of
the carbonyl group or of the double-bound carbon atoms. The
final product (2-ethyl-hexanol) is desorbed from the catalysts
surface and will migrate out from the system.
Because the hydrogenation reaction is highly exothermic, the temperature control is achieved through the
dilution of 2- ethyl-hexenal with the final product itself, by
recirculation of the 2-ethyl-hexanol. The mixture of the
chemical compounds reactants diminishes the reaction rate
and facilitates the process control. The 2-ethyl-hexenal input
temperature lies in the temperatre range of 90°C to 110°C.
Internal temperature of the reactants must be limited by 160°C
in order to avoid side-reactions and increasing of the cooling
process. The typical values of the dilution rate: 2-ethylhexanol flow over 2-ethyl-hexenal flow are: 6:1 – 8:1. The
main drawback of the actual method consists of: high volumes
of recirculated 2 ethyl-hexanol flow which needs huge dimension of the chemical reactor and relative high power consumption in the cooling process. The dissipated power is estimated
at ~ 169 kW for a typical process1.
The authors propose a new technological solution which
leads to a new reactor structure given in figure 1.a. As
adiacent advantage is the possibility to recover, at least partially, the thermal power of the exothermic reaction.
The main idea of the new solution is the rising of the
thermal control efficiency with the cooling system placed
inside the reactor. Due to the high value of the latent heat of
vaporization the proposed system is based on water. The
steam flow generated in the reactor, with respect to the safety
condition, may be used to drive a low pressure, low power
steam turbine with a proper electrical generator. The new
structure consists of a pilot reactor with smaller dimensions.
The flow ratio between the 2 ethyl-hexenal flow and 2 ethylhexanol flow is reduced to 1:1. In this case, due to the higher
rate of reaction, the cooling system efficiency must be increased and the temperature reactor control needs more effective
and modern strategies.
Considering a 90% steam transfer efficiency from the
reactor to the turbine and a 85% turbine efficiency the
available power will be around ~129 kW.

Fig. 1: The electrostatic potential-mapped electron density
surface of 1,3-di-terc-butylimidazol-2-ylidene in ArgusLab
(optimized structure at O3LYP/6-31G* level in PC GAMESS)
This work was supported by the Ministry of Education of the
Czech Republic under project no. MSM0021630501.
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a.

The effluent water from dyeing, textile, pulp and paper
industries contains various types of dyes which should be
removed before discharging the effluent to the environment.
Many of these dyes are toxic and even carcinogenic and this
poses a serious hazard to aquatic living organisms.
In this study, the iron oxide magnetic nanoparticles were
synthesized via chemical precipitation method with addition of
ammonia to solutions of Fe2+ and Fe3+. The structure and
morphology of prepared nanoparticles were characterized by
XRD and SEM instruments and the applicability of the
synthesized nanoparticles for removing of cationic dyes from
aqueous solutions was investigated. For this purpose, the
surface of magnetic nanoparticles was modified with addition
of an anionic surfactant. The effects of various parameters on
the removal efficiency of dye pollutants such as type and
amount of surfactant, pH of solution, salt effect and solution
volume were studied and optimized. Finally, kinetic studies
and dye adsorption equilibrium data were studied and calculated. The obtained results indicate that surface modified
magnetic nanoparticles can be used as an efficient adsorbent
material for adsorption of cationic dyes form aqueous
solutions.

b.
Figure 1. The actual structure a) and proposed structure b)
It must be emphasized that the control and protection
systems will have a crucial role. If one of the systems fails, it
may lead to runaway conditions (high temperatures) which
will have a disastrous effect.
The given lecture is structured in 3 sections. At first an
analysis of the classical method is presented. The second part
consists of the thermal balance for the actual and new
proposed solutions. The final part will present the efficiency
impro-vement based on the modern control strategies.
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Carbon steels are the most used construction metallic
material. It is given by versatility of their usage and low price.
The great disadvantage of carbon steels is their low corrosion
resistance in the most common corrosion environments such
as diluted neutral water solutions acting in natural water cycle,
in industry and water treatment. Majority of the corrosion
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protections manners are related to protection of carbon steel
in neutral water electrolytes forming in atmosphere, soil
or waters (sea, river, industrial, cooling, drinking, heating
water). Corrosion rate of carbon steel in diluted neutral water
solutions. Generally, iron does not resist to acidic environment, however its corrosion rate in alkaline environment is
usually satisfactory (under 10 µm per year). In the neutral
environment, iron corrosion is related to access of oxygen
from atmosphere, composition of the electrolyte and temperature. An exchange of the electrolyte near the surface (viz.
ratio of the electrolyte volume to the surface area of the metal)
is a corrosion factor with significant importance but usually it
remains unconsidered.
Corrosion of carbon steel in neutral water environment
(3 g l-1 of chlorides) proceeds according to eight possibilities
that are given by an oxygen access from air, by a ratio of a
solution volume and surface area of the exposed metal and by
an action of a differential aeration cell. The possibilities were
verified experimentally by the study. Five of the corrosion
mechanisms that lead to different corrosion products are
characterized in this work.
It has been proven that cathodic passivation of iron by
spontaneous alkalization of a small catholyte volume in a cell
with differential aeration, which is a result of the prevailing
oxygen reduction on the aerated electrode, causes the so called
corrosion paradox. It was experimentally identified that a
cathode corrodes faster than an anode in a cell with differential aeration in large electrolyte volumes, and the corrosion
paradox does not occur. Asymmetric changes of pH in the cell
with differential aeration with small volumes are caused by
high solubility of ferrous hydroxide in the anolyte and by
migration flow of hydroxide ions from the catholyte. A low
corrosion rate of iron in a large volume of unaerated water
may be a result of either hydrogen overpotential or the residual oxygen reduction. The corrosion rate of iron in a small
volume of unaerated water may be low due to sponta-neous
alkalization. However, it has not been proven by another experimental arrangement. Substantial impact of the subsequent
formation of magnetite on the corrosion rate is rather unlikely.
This work was supported by MŠMT and MPO ČR, grant No.
6046137302, and FR-TI1/086.
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Polyolefins, such as polypropylene (PP), show a high
resistance against photo- and biodegradation, leading to the
waste accumulation and environment pollution. One of the
ways for turning them into environment compatible materials
and for being assimilated in natural cycles is the blending with
natural polymers, such as lignin or their derivatives1. Lignins
are composed of polyphenolic compounds, which represent
the major family of natural antioxidants2 and are chemical
analogues of synthetic stabilizers widely used in polymer
industry as well.
Recently it has been shown that lignite humic acids
(alkali extractable part of lignite) can be used as antioxidants
in polymers probably because of the high content of polyphenols and unsaturated lipids. Previously we demonstrated
that the addition of their ammonium salts into polyvinyl
alcohol caused an increase in polymer oxidation stability. In
contrast, when the degradation processes have already started,
the presence of humic acids supported faster degradation of
blends3.
In this work we studied the thermal oxidation stability of
humic acids/polypropylene blends using thermogravimetry.
To assess the efficiency of antioxidant or pro-oxidant influence the isoconversional methods based on Arrhenius and
non-Arrhenis temperature functions were used4. In addition,
synthetic stabilizers such as Irganox and Irgafos were used to
compare a stabilizing effect of HA in polypropylene.

Calix[n]arene are cyclic molecules made of some
phenolic units meta linked by methylene bridges. Owing to
their cavity-shaped architecture, they are useful building
blocks in the synthesis of receptors for cations, anions and
neutral molecules1. Calix[n]arene derivatives can be synthesized by modification at the phenol OH groups (narrow rim)
and in the para-position of the phenyl rings (wide rim).
Calix[n]arene derivatives with ionophoric functional groups
on the “narrow rim” exhibit excellent extraction/co-ordination
abilities for metallic ions2.
The purpose of this study is to prepare new O-ester
and/or amide and/or alkenyl derivatives of p-tert-octylcalix[4]arene for analytical purposes (Scheme 1).
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2
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4
OH

2

C

OH
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D

Oct-C4Am2
Oct-C4Es2

2

2
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2

2
OR2

OH

R1=CH2-CH=CH-CH3; R2=CH2CONEt2
R1=CH2-CH=CH-CH3; R2=CH2COOEt

This work was supported by Ministry of Education, Youth and
Sport of the Czech Republic project No. 0021630501.

Scheme 1. Synthesis of p-tert-octyl calix[4]arene derivatives
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Elemental analysis, UV-Vis, FTIR, 1H-NMR and 13CNMR investigations confirmed the formation of the desired
calix[4]arene derivatives. The ability of these compounds to
extract rare earths and/or precious metals ions from aqueous
solutions was tested.
This work was possible with the financial support of the
Sectoral Operational Programme for Human Resources
Development 2007-2013, co-financed by the European Social
Fund, under the project number POSDRU 89/1.5/S/60189
with the title „Postdoctoral Programs for Sustainable
Development in a Knowledge Based Society”.
REFERENCES
1. Atanassova M., Lachkova V., Vassilev N., Varbanov S.,
Dukov I.: Polyhedron 29, 655 (2010).
2. Mellah B., Abidi R., Herchbach H., No K., Kim J. S.,
Arnaud F., Veronique H., J.: Inclusion Phenom.
Macrocyclic Chem. 66, 153 (2010).
s923

Chem. Listy 105, s871 – s1072 (2011)

Materials Chemistry – Poster presentations
2-P4
ADSORPTION OF TEXTILE ACID DYES IN
THE PRESENCE OF A CATIONIC SURFACTANT
ON MESOPOROUS MATERIALS AL-MCM-41

2-P3
PRACTICAL ASPECTS OF BULK POLYMERIZATION
OF STYRENE
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Bulk polymerization at high temperature with the aid of
suitable initiators has significant industrial importance because
it brings about increased the polymerization rate and narrowed
polydispersity. Styrene is a reactive monomer that can be
radically polymerized. The radical polymerization of styrene
leads to a relation between polymerization rate and the molecular weight of the polymer. This is particularly true for
monofuncitonal initiators. In the case of monofuncitonal initiators the molecular weight is inversly proportional to the
polymerization rate. However, bi- and more functional initiators provide high polymerization rate without lowering the
molecular weight of the polystyrene.
In this work, mono- and bifunctional organic peroxides
were used to study of bulk radical polymerization of styrene.
The free radical polymerizations were carried out at different
temperature (80-134 °C) and time (1-24 hours). Relations
between polymerization conditions, reaction conversion,
molecular weight and polydispersity were observed. Monomer
conversion was determined by gravimetry and infrared
spectroscopy. Time dependence of the molecular weight and
polydispersity of the result polystyrene (PS) were determined
by gel permeation chromatography using PS solution in tetrahydrofurane at 23 °C.
Interesting results were obtained by comparison of
polymerization rate of mono- and bi- functional initiators in
initial stage of polymerization. In first 5 hours a lower polymerization rate was observed for monofunctional initiators in
comparison to bifunctional initiators. Bifunctional initiators
produced polystyrene with narrower polydispersity and higher
polymerization rate.

Mesoporous Al-MCM-41 molecular sieves in the Si/Al
ratios 20, 40 and 80 were synthesized under hydrothermal
condition. The materials were characterized using several
techniques. The mesoporous structure was confirmed by X-ray
diffraction (XRD) technique. The surface area, pore size and
pore volume were given by BET equation and BJH method
using nitrogen sorption technique, transmission electron
microscopy (TEM), Fourier transform-infrared (FT-IR) spectroscopy was used in order to obtain information on
incorporated aluminum atoms in the mesoporous structure of
Al-MCM-41, and differential scanning calorimetric DSC. The
MCM-41 materials have effective adsorption characters to
Textile Acid Dyes. The extent of adsorption was investigated
as a function of solution pH, shaking speed, contact time,
reaction temperature. These results demonstrate that these
materials have potential applications in the treatment of
yellow dye pollution from environment. Yellow dye adsorption was followed by UV.

This work was supported by the Ministry of Education of the
Czech Republic under the project no. MSM 0021630501

Figure 1. TEM image of Al-MCM-41 (Si/Al=80)
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2-P5
GEOPOLYMERS – EARTH FRIENDLY BUILDING
MATERIAL BASED ON ALKALI ACTIVATION OF
INDUSTRIAL BY-PRODUCTS

2-P6
EFFECT OF pH ON PHOTOCATALYTIC ACTIVITY
OF TITANIUM DIOXIDE SUSPENSIONS PREPARED
VIA HYDROTHERMAL METHOD
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JIŘÍ MÁSILKO and LENKA JASKOWIECOVÁ
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One of the possibilities how to produce more environmentally friendly concrete is to replace the OPC with
alumino-silicate polymer, called geopolymer, synthesized by
alkali activation of by-products materials such as fly ash, slag
and another sources rich in silicon and aluminum. Geopolymers are formed by dissolution of solid aluminosilicate
particles at high pH which quickly create a supersaturated
aluminosilicate solution. Result is the formation of large
network by condensation. Chemical structure can be described
by Mn{-(Si-O)z-Al-O}n·wH2O where “M” is a cation such as
potassium, sodium or calcium; “n” is a degree of polymerization; and “z” is ratio of SiO2 and Al2O3. The network is
configured of SiO4 and AlO4 tetrahedrons united together by
oxygen bridges. The fact that aluminum is four coordinated
with respect to oxygen creates a negative charge imbalance
and therefore the presence of cations such as K+ and Na+ is
essential to maintain electric neutrality in the matrix. The
C-S-H and C-A-H phases may also be originated in
dependence on the composition of the starting materials and
the conditions of the reaction1-3.

For preparation titanium dioxide suspensions was used
as a precursor titanium oxo-chloride (TiOCl2) and all samples
were prepared by hydrothermal synthesis. The preparation was
performed in two different pH. In acidic environment (pH 2)
and in basic environment (pH 10). We investigated the
influence of pH on final physical properties anf photocatalytic
aktivity of prepared suspensions. Optical characterization of
prepared symplex was accomplished using UV-VIS spectrometer with an integration sphere. The crystallinity and crystallite size was determined by X-ray diffraction (XRD). Consequently the particle size and shape were evaluated by
transmission electron microscopy (TEM). The photocatalytic
activity was studied on the basis of formic acid degradation.
Titanium dioxide (TiO2) nanomaterials are used in a
wide range of applications such as photocatalysis, separations,
sensor devices, pigments and paints and dye-sensitised solar
cells1,2. Hydrothermal treatment is one of the most widely
used methods for increasing the crystallinity of TiO2. The
application of elevated temperatures and pressures in an
aqueous solution facilitates the conversion of amorphous TiO2
into crystalline TiO2 and causes an increase in its crystallinity.
Hydrothermal treatment can also be used to change the morphology, microstructure and phase composition of materials
by varying the reaction parameters3.
The pH value of the starting solution effects the
crystallinity, stability and photocatalytic activity. Basic
conditions suppor-ted the creation of pure anatase whereas
acidic conditions brought about the formation of rutile and
anatase mixture.

This work was supported by the project "Centre for Materials
Research at FCH BUT" No. CZ.1.05/2.1.00/01.0012 from
ERDF.
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2-P7
THEORETICAL BACKGROUND OF GYPSUM
DEHYDRATION TO ALPHA-GYPSUM IN CHLORIDE
SOLUTIONS

Fridrichová M., Kalivoda K., Dvořák K.: Využití
chloridových odprašků pro výrobu alfa-sádry. In:
Maltoviny 2008. 1. Brno, 2008. p. 238 - 245.

P8
EFFECT OF THE RAW MATERIALS ON THE
PROPERTIES OF TERBIUM DOPED YTTRIUM
TANTALATE LUMINESCENT MATERIALS

KAREL DVOŘÁK, MARCELA FRIDRICHOVÁ
and DOMINIK GAZDIČ
Brno University of Technology, Faculty of Civil Engineering,
Veveri 95, 60200 Brno
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ECATERINA BICA1, ELISABETH-JEANNE
POPOVICI1, MARIUS MORAR1, LUCIAN BARBUTUDORAN2 and EMIL INDREA3

Brno University of Technology, solves in the long term
the problem of alpha gypsum preparation by dehydrating the
gypsum in the solution of chloride salts1,2.
This study verified that alpha-gypsum can be trouble free
prepared by gypsum dehydration in solution of a number
chloride salts, among others CaCl2, MgCl2 or NaCl. In the
same time it was found that owing to the different electrochemical behavior of Potassium ions, the by heat conditioned
reaction of gypsum with the KCl solution the dehydration
doesn’t take place, but a partial substitution of Potassium ions
by Calcium ions takes place. The product of this reaction is
the mineral görgeyit, K2SO4.5CaSO4.H2O.
This important problem was solved by reduction of the
extremely electro-chemical high mobility of Potassium ions by
the method of the mixed chloride solution with Potassium and
Sodium ions, the mobility of which is in comparison with the
preceding only one third. Samples of hemihydrate in the
solution of mixed salts were prepared and tested in conclusion
of the research.
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Picture 1. RTG and REM after 300 min. dehydration in 100%
KCl
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Terbium doped yttrium tantalate (YTaO4:Tb) phosphor
is a green emitting material that present a great interest from
both scientific and application point of view. Usually,
YTaO4:Tb powders are prepared by ceramic method, from
metal oxide mixtures and alkaline salts as flux.
The goal of our studies is to investigate the influence of
the raw materials on the properties of YTaO4:Tb phosphors
prepared by solid-state reaction route. In this respect, synthesis
mixtures containing appropriate amounts af Y2O3, Ta2O5, Tbsource and alkaline sulphate as flux were calcined in air, at
1200°C. Different activator concentration and terbium sources
were used for phosphor synthesis namely: terbium (III) nitrate,
terbium (III) oxide and terbium (III,IV) oxide. The luminescent powders were characterized by X-ray diffraction, FTIR spectroscopy, scanning electron microscopy, and photoluminescence measurements (PL/PLE).
The morphological, structural and optical properties of
YTaO4:Tb phosphors are influenced by both the activator
concentration and Tb-source (Fig.1).
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Picture 2. RTG and REM after 300 min. dehydration in 75%
KCl + 25% NaCl
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Fig.1. Emission spectra of YtaO4:Tb(7%) sample
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reduce the internal stresses and improve adhesion, mostly
multilayered rather than a single layer film has to be used.
Such multilayers may be used for passivation of organic
devices1, as a dielectric barrier in semiconductor devices2, as
tribological coatings in aeronautical applications3, or as a
functional coating in polymer composites with controlled
interphase4.
Bilayers consisting of a-SiC:H and a-SiOC:H alloys
were deposited on silicon wafer using plasma-enhanced
chemical vapor deposition (PECVD). The layered structures
were subjected to ellipsometric measurements that enabled us
to distinguish individual layers and determine the layer
thickness and its optical constants5. In next study, single layer
and multilayered a-SiC:H films, deposited from tetravinylsilane at different powers by PECVD, were investigated
intensively by spectroscopic ellipsometry, nanoindentation,
and atomic force microscopy (AFM) to compare optical and
mechanical properties of the individual layer of decreased
thickness (315 – 25 nm) with those of the corresponding
single layer6. Multilayered a-SiC:H films consisting of ten
layers were constructed from layers A (10 W) and B (0,1 W)
using a layer-by-layer rotating system. Ellipsometric data were
analyzed using the sample model in the 11-layer form
Si-SiO2/BABABABABA/OL (OL is a surface overlayer). The
dispersion dependence of the dielectric function was fitted
using the five-parametric Tauc-Lorentz formula and starting
from optical constants determined for the single layer film.
The experimental Ψ and Δ were compared with corresponding
theoretical data. Such a structure was sectioned from the film
surface at a small angle of 4 deg using ultramicrotomy. The
uncovered multilayer was observed by AFM and characterized
by nanoindentation. Ten individual layers could be differentiated from the bottom right corner to the upper left corner
(Fig. 1) due to the surface morphology that corresponded to
stiffness of the individual layer. Next progress was aimed at
time-dependent deposition conditions enabling deposition of
functionally gradient thin films. The gradient structures with
linear or exponential distribution of the refractive index across
the film were deposited and analyzed using spectroscopic
ellipsometry, AFM, and nanoindentation.

2-P9
THE STOPPED-FLOW TECHNIQUE FOR 1-ALKENE
POLYMERIZATION
ADAM HOZA1, MIROSLAV SKOUMAL2, IGOR
CEJPEK2 and JAN KRATOCHVÍLA1
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The stopped-flow polymerization technique enables to
study early stages of α-olefin polymerization on Ziegler-Natta
or metallocene catalysts. This technique allows performing the
polymerization experiments shorter than average lifetime of
the growing polymer chains (ca. 0,2 s). Thus the stopped-flow
technique is considered as one of the most powerful tool for
the investigation of the catalyst active sites performance and
elucidation of the olefin polymerization mechanism based on
the analysis of obtained polymer material.
In this work the stopped-flow technique is further utilized
for the development and preparation of new polymer materials
based on the preparation of special block copolymers as
polypropen-block-poly(propen-co-ethen). For this purpose, the
new experimental facility suitable for the preparation of
relatively high amount of the copolymer materials was constructed. The facility is designed for the copolymer synthesis
close to the conditions applied in industry (polymerization
pressure up to 2,2 MPa, polymerization temperature up to
70°C), what facilitates the product preparation. Successful
preparation of block copolymers will provide a new insight on
the nature of active sites presented in the heterogeneous
Ziegler-Natta catalysts and also allow investigating the role of
block copolymers in heterogeneous materials consisting of
crystalline matrix (polypropen) with inclusions of amorphous
poly(ethen-co-propen) rubber (impact resistant sequential
copolymers produced by commercial two-reactor technology).
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B
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2-P10
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Plasma polymer films in the form of hydrogenated
amorphous carbon-silicon (a-SiC:H) or carbon-silicon oxide
(a-SiOC:H) alloy are often used as barrier or protective layers
for polymer and metal substrates, cutting tools, electronic, and
optoelectronic devices. Properties of the devices are influenced by interfacial phenomena. To eliminate or at least

Figure 1. AFM surface morphology (scan area: 18 × 18 μm2)
of sectioned ten-layered a-SiC:H film with buffer layer. Labels
for layers A, B and the buffer layer are provided.
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stable up to 46,3 °C. This material is promising as injectable
hydrogel for regenerative medicine.

This work was supported by GACR, grant No. P106/11/0738.
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2-P11
PHYSICAL CONDITIONS AFFECTING
RHEOLOGICAL PROPERTIES OF
THERMOSENSITIVE COPOLYMERS

This work dealt with the influence of P2O5 upon the
phase composition of the clinker and its distribution in the
structure of clinker minerals. The ash of bone meal was used
as the source of P2O5. The samples with different content of
the ash of bone meal were prepared. The free lime content in
the samples increased with increasing ash of bone meal
addition. The increase in f-CaO content in clinker is due to the
fact that P2O5 enters C2S and stabilizes it. The form of alite
crystals was blocked due to high content of P2O5 in the raw
meals. The distribution of P2O5 in the clinker minerals was
captured with Electron Probe Micro Analyzer (EPMA). It was
found out that P2O5 enters the structure of calcium silicates
with three different ways. C2S receives certain amount of P2O5
through P5+ for Si4+ substitution. The substitution of two
atoms P5+ for two atoms Si4+ causes that Ca2+ atom must leave
its position and so the vacancies is created (Ca2+ + 2Si4+ → V0
+ 2P5+). It means that during the synthesis of stabilized
dicalcium silicate from pure dicalcium silicate and P2O5
certain amount of CaO has to be released. The contents of
Al2O3, Fe2O3 and P2O5 in both calcium silicates (C2S, C3S)
showed that P can enter the structure of calcium silicates
through the substitution Al3+ + P5+ → 2Si4+ known as berlinite
substitution and also the substitution Fe3+ + P5+ → 2Si4+. The
results from chemical microanalysis showed that P doesn’t
enter the structure of C3A and C4AF. C3A and C4AF formed
the gapping mass located between C2S and C3S grains.

IVANA CHAMRADOVÁ, LUCY VOJTOVÁ, LENKA
MICHLOVSKÁ and JOSEF JANČÁŘ
Institute of Materials Chemistry, Faculty of Chemistry, Brno
University of Technology, Purkyňova 118, 612 00 Brno, Czech
Republic
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In this study rheological properties of triblock copolymers based on poly(ethylene glycol) and poly[(lactic acid)-co(glycolic acid)] (PLGA-PEG-PLGA) were investigated. Since
this copolymer is non-toxic, biocompatible, biodegradable and
thermosensitive it might be used as injectable hydrogel for
drug delivery or healing material for regenerative medicine.
Injectable hydrogel is supposed to be a sol at room temperature and a gel at body temperature. Thus, it is necessary to
test different physical conditions affecting the sol-gel
transition prior the injection. Mainly, the influence of solvent,
pH, storage temperature, sterilization and presece of ions on
sol-gel transition of PLGA-PEG-PLGA copolymer were
evaluated.
Rheological properties of series PLGA-PEG-PLGA
copolymer concentrations (4-28 %) at miliQ water or
phosphate buffer saline (PBS) at different conditions were
studied by both test tube inverting method (TTIM) and
rheometer. Since gel points (lower and upper) are detectable
by both methods, TTIM show us the gel (no)transparency
while viscosity and gel elasticity is measurable by rheometer.
Based on the results, the gel stiffness increased with the
polymer concentration moving the gel point of copolymer to
the lower temperature. As for physical conditions, the main
effect on the sol-gel transition exhibited freezing the polymer
solution prior the measurement by narrowing the gelation
region (closing in the lower and upper gel points). However,
the gel points were much more affected by physical conditions
at polymers from unsublimated monomers (having some
impurities and by-products) compare that from sublimated
ones (very pure). The best results showed 26 wt% polymer
obtained from sublimated monomers and dissolved in PBS
having clear gel region from 32,6 to 38,6 °C while white gel is
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2-P14
LEACHABLE POLLUTANTS OF SECONDARY RAW
MATERIALS

2-P13
PHYSICAL-CHEMICAL PROPERTIES
OF PRECURSORS FOR YAG:CE TYPE PHOSPHORS
OBTAINED BY WET-CHEMICAL SYNTHESIS
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Ever-increasing production of waste materials has
become a serious economic and political worldwide problem.
New approaches are required in almost all industrial procedures to reduce current trends of waste formation and to create
new methods of ecological and economic recovery or disposal
of waste. How to use these materials as a substitute for primary raw materials need to be learned, mainly because it is
necessary to limit environmental damage by mining and by
establishing of landfills. As far as the environment is concerned, the disposal of fly ash should not be regarded as a
sustainable management strategy. Fly ash and the slag as
secondary raw materials are considered as hazardous materials
because of their high content of heavy metals such as lead,
arsenic, barium etc. That is why both of them should be well
treated to reduce their damage to the environment.
Environmental requirements for new building materials
and also for secondary raw materials are very strict. The
considerable aspect is to evaluate their leaching properties.
These characteristics are the important part of determination
about suitability of the secondary raw materials for incorporation into a final product or construction. Leaching properties
consider not only efficiency of immobilization of pollutants in
the created materials with the comparison of used secondary
raw materials which include different types of fly ash and
blast furnace slag, but also the behavior during the leaching
and hydratation process. Many factors can influence this behavior including chemical speciation, particle size or minerals,
leaching liquid etc.
This study deals with the use of different types of fly ash
and other secondary raw materials as suitable materials for
matrices. Leaching properties (concentration of selected
elements) of these materials will be examined in the relation to
time during the hydratation process.

Under UV and blue excitation, cerium doped yttrium
aluminium garnet Y3Al5O12: Ce3+ (hereinafter YAG: Ce),
exhibits efficient green-yellow luminescence that can be
modulated toward orange red domain, by the partial or total
substitution of Y3+ with Gd3+ ions, in (Y,Gd)3Al5O12: Ce3+
(hereinafter YGAG:Ce) and Gd3Al5O12: Ce3+ (hereinafter
GAG:Ce) phosphors. Luminescence performances, particle
morphology and crystalline phase purity of YAG:Ce type
phosphors are decisive factors in determining their use in
optoelectronics or as optical material for UV and IR optics.
Usually, the phosphor synthesis proceeds by the solidstate reaction route, at very high firing temperature (>1500°C),
using several calcination-milling cycles. One alternative
method for the synthesis of YAG: Ce type phosphor in mild
thermal conditions is the wet-chemical synthesis route via the
reagents simultaneous addition technique WCS-SimAdd1.
The goal of this study is to determine the main physicalchemical characteristics of precursors obtained by WCSSimAdd route, in order to correlate them with the specific
properties of phosphors.In this respect, YAG:Ce, YGAG:Ce
and GAG:Ce were prepared by calcination, from Y-Gd-Al-Ce
precursors obtained using the WCS-SimAdd route, from metal
(III) nitrate and urea as precipitating reagents, respectively.
Y-Gd-Al-Ce precursors were investigated using thermal
analysis (TGA), infra-red absorption spectroscopy (FT-IR),
FTIR-TGA measurements for gases evolved during the
thermal process, ICP-optical emission spectroscopy, X-ray
diffraction, scanning electronic microscopy, and photoluminescence (PL) measurements. Precursor composition, powder
particle morphology and sizes, and crystalline state were
determined in correlation with the precipitation conditions.
WCS-SimAdd proved to be a convenient method for the
synthesis of homogeneous, amorphous nanopowders with
general
formula
xM(OH)3.yM(HCO3)3.zM(NO3)3.vNH3.
wH2O, that can be used for low-temperature production of
pure phase YAG:Ce, YGAG:Ce and YGAG:Ce powders with
good PL properties.

This work was supported by the project "Centre for Materials
Research at FCH BUT" No. CZ.1.05/2.1.00/01.0012 from
ERDF.
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inhibition. In this paper, we compare the results of bioactivity
test for one type of glass-ceramics immersed in two medium,
that are mainly composed of CaF2 and Ca3(PO4)2 linked in
fluorapatite. The glass-ceramic samples were prepared by
annealing, or thermal treating of parent glasses under optimised regime in a muffle furnace at 600°C for 6 hours. The
bioactivity has been tested under static regime. The representative glass-ceramic samples were immersed in SBF and
DMEM solution at 36,5°C for different period of time - 1, 3, 7
and 28 days. Scanning Electron Microscopy (SEM) and
Electron Probe Micro Analysis (EPMA) were applied to
characterise the glass-ceramic samples, as well as to detect the
presence of a new phase onto the surface. The results suggest
that the surface characterization and in vitro tests revealed a
few variations in the reactivity with the different time of
immersion in both fluids after their pristine form. The
thickness of apatite-layer on the surface of samples is strongly
influenced with time immersion in SBF and DMEM solution.
For the formation of apatite-layer in earlier testing period (1, 3
and 7 days), was not observed striking difference between
SBF and DMEM immersion. In the later testing period in SBF
(28 days) the layer of hydroxyapatite (HA) was developed by
periodical deposition of spherical apatite bullet that covers the
whole surface. The use of the acellular culture solution
DMEM resulted in a delay at the start of precipitation.

2-P15
INCREASES IN WATER RESISTANCE OF MACRODEFECT-FREE COMPOSITES
JIŘÍ MÁSILKO, FRANTIŠEK ŠOUKAL, LUKÁŠ
BUZEK, JAN KOPLÍK, MARTIN REPKA
Brno University of Technology, Faculty of Chemistry,
Centre for Materials Research CZ.1.05/2.1.00/01.0012,
Purkyňova 464/118, Brno, CZ-61200, Czech Republic
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Macro-defect-free (MDF) cements are perspective materials providing unique properties relative to traditional cement
pastes with great potential to incoming constructional utilization. But it is known, that MDF cements exhibit sensitivity to
water, with swelling and reduction of strength. This work is
aimed at monitoring of an organic polymer effect on the
moisture resistance of MDF materials and phase changes. The
effects of three different organotitanate cross-linking agents on
the properties and moisture sensitivity were investigated. The
organotitanate-modified MDF cement sam-ples exhibited
improved moisture resistance as compared to the standard
samples when exposed to 100 % relative humidity at 22°C.
One way, how to eliminate the moisture sensitivity, is
chemical modification the microstructure of the MDF
cements, especially polymer matrix and the interphase. To
increase the mechanical properties of MDF cements the fibre
reinforcements were used. Results show that fibre
reinforcements have positive effects on the growth of these
properties.

This work was supported by VEGA, grant No. 1/0934/11.
2-P17
IMMOBILIZATION OF HEAVY METALS IN
ALUMINOSILICATE MATRIXES
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Nowadays researchers all over the world try to find new
methods and materials, which enable safety storage of the
hazardous materials containing heavy metals. Good possibilities to fix and immobilize heavy metals show alkali activated
aluminosilicate matrixes - geopolymers.
Structure of geopolymers can be described as a sialate
network of connected SiO4 and AlO4tetrahedra linked together
by sharing oxygen atoms. Negative charge of Al3+ is balanced
by presence of positive ions Na+ or K+. Geopolymers have
similar structure as zeolites.Contrary to zeolites geopolymers
contain amorphous and semicrystalline structure.
Geopolymerisation can be classified as an inorganic
polycondensation reaction. The reaction process is composed
of mineral dissolution, aluminosilicate polycondensation and
structural reorganization.
Geopolymers are synthetized by alkali activation of aluminosilicate source. Suitable sources are metakaolin, fly ash
or blast furnaceslag.
Immobilization of heavy metals in geopolymer matrix is
dependent on many various factors as a source of silica and
alumina, type of alkali activator, pH, curing conditions, form
of fixed element etc. Mechanism of inhibition of heavy metals
in geopolymers hasn’t been described precisely yet. Both

P16
APATITE-LAYER FORMATION ON LS2-BASED
GLASS-CERAMICS IN SBF AND DMEM SOLUTION
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812 37 Bratislava, Slovak Republic
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In this study, the in vitro behaviour of lithium disilicate
glass-ceramic in the Li2O-SiO2-CaO-P2O5-CaF2 was investigated using simulated body fluid (SBF) and Dulbecco’s
Modified Eagle’s Medium (DMEM). The formation of
carbonated hydroxyapatite in body fluids is essential for both
orthopaedic and, in particular, dental applications for caries
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which correlated well with sample hydrolytic degradation.
Bio-PU samples having higher molecular weight of PEG
degraded in water faster in incubator at 37 °C.
In conclusion, the mechanical properties as well as the
hydrolytic stability of resulted bio-PU elastomers might be
effectively controlled by the both amount and the molecular
weight of hydrophilic PEG in sample with a view to meet
specific medical applications.

chemical and physical interactions are expected to affect the
immobilization. Chemical interactions mean, that metal cation
can replace Na+ or K+ in the cavities and play the role of
charge balancing ion or it can be chemicaly bonded within
newly formed amorphous or crystalline aluminosilicate
phases. Physical encapsulation is linked with size and quantity
of pores and mechanical properties of matrix.
This work was supported by the project "Centre for Materials
Research at FCH BUT" No. CZ.1.05/2.1.00/01.0012 from
ERDF.
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Garnets constitute one of the most important families of
hosts for luminescent dopants, especially for rare earth ions
(RE). Yttrium aluminate (Y3Al5O12) is the best known garnet
that can be doped with various RE such as: Ce3+, Eu3+, Tb3+,
Nd3+, Ho3+, Yb3+, Pr3+, Er3+ (cit1). Additionally, this kind of
materials show very interesting applications in the field of
optical materials, such as: scintillators for detection of high
energy radiation; white LED lighting; classical and quantum
information processing2.
In this work, we present studies reffering to the preparation of rare earth doped yttrium aluminium garnet
(YAG:RE) starting from suitable precursors by wet chemical
method using different precipitating agent such as: urea, oxalic
acid, ammonium carbonate etc., in order to establish the
influence of some preparative conditions on the phosphor
characteristics.
Morpho-structural and luminescence properties of
YAG: RE phosphors were put in evidence using IR – spectroscopy (FT-IR), X-ray diffraction (XRD), scanning electron
microscopy (SEM) and photoluminescent measurements.
Depending on the rare earth ions the garnet samples
exhibit photoluminescent emission in the red, green and
yellow-green spectral domain, with characteristic maxima at
609 nm (europium), 544 nm (terbium) and 530 nm (cerium).
The quality of precursors as well as the thermal synthesis
regime, determines the photoluminescence properties and
morpho-structural characteristics of YAG phosphor powders.

Institute of Materials Chemistry, Faculty of Chemistry, Brno
University of Technology, Purkyňova 118 Brno, Czech
Republic
xckupkav@fch.vutbr.cz
Biodegradable polyurethane (bio-PU) elastomers with
potential use as scaffolds in a regenerative medicine were synthesized using poly(ethylene glycol) (PEG), poly(caprolactone) (PCL) and hexamethylene diisocyanate catalyzed
with stannous octoate.
New methodology was developed to prepare functional
samples with different molecular weight of PEG. Effect of
bio-PU composition on the swelling and hydrolytic stability
was investigated together with testing mechanical properties,
monitoring of net formation and the degree of conversion of
prepared samples. The morphology of prepared samples was
analysed by SEM and optical microscopy. Chemical composition was tested by infrared spectroscopy and the thermal
properties were measured by differential scanning calorimetry.
Synthesis of bio-PU was realized under the nitrogen
atmosphere on high vacuum line in combination with nitrogen
filled glove-bag. Samples were prepared on a mould (10x10
cm, 1mm thick) and cured for 48 hours at 65 °C. As for
methodology development, it was found that it is necessary to
degas all feedstocks before synthesis since non-homogeneous
and bubbled samples have been obtained. Based on the
physical conditions of samples preparations, flexible bio-PU
films from transparent (clear) through cloudy (with visible
phase separation) to no-transparent white were obtained.
Phase separation was confirmed by optical microscopy
showing typical spherulite structure of crystalline phase (PCL)
in amorphous phase of PEG.
Mechanical properties testing showed that the higher
molecular weight of PEG in the sample the tougher the
material. Characterization of swelling exhibited higher water
uptake for the samples with higher molecular weight of PEG,

This work was possible with the financial support of the
Sectoral Operational Programme for Human Resources
Development 2007-2013, co-financed by the European Social
Fund, under the project number POSDRU 89/1.5/S/60189
with the title „Postdoctoral Programs for Sustainable
Development in a Knowledge Based Society”.
s931

Chem. Listy 105, s871 – s1072 (2011)

Materials Chemistry – Poster presentations

REFERENCES
1. Speghini A., Piccinelli F., Bettinelli M.: Opt. Mat. 33,
247 (2011).
2. William M. Yen, Shionoya S., Yamamoto H., in the
book: Practical Applications of Phosphors, chapt. 2, p.
193, chapt. 3, p.254, chapt. 4, p308. CRC Press, New
York 2007.

2-P21
STUDY OF MECHANICAL AND BALLISTIC
PROPERTIES OF TEXTILE MATERIALS USED
IN BALLISTIC APPLICATIONS

2-P20
PHYTO-TOXICITY OF SINGLE-WALLED CARBON
NANOTUBES ON PLANT GROWTH

VOP-026 Šternberk, s.p., VTÚO Brno Division, Veslařská
230, 637 00 Brno, Czech Republic
mikulikova@vtuo.cz

MATEA CRISTIAN TUDOR1, CONSTANTIN BELE1,
STEFAN RAZVAN1 and IANCU CORNEL2

Different types of textile materials used in ballistic
applications were tested. The aim of work was to measure
material mechanical properties such as Young’s modulus E
[GPa], maximum load Fmax [N], tensile strength [MPa],
elongatian [%] according to standard ČSN EN ISO 1421 and
ballistic properties such as V50 balistic evaluation. The
materials were compared by means of mechanical propertees
and V50 values. The relation between mechanical and ballistic
properties was discussed. Also flammability resistance
according to standard ČSN 64 0757 was investigated.
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Carbon nanotubes are a novel material with wide applications in areas such as electronics, cosmetics and medicine.
Although many studies have carbon nanotubes as the focal
point, their toxic potential to the enviornment is not yet
determined. In this study three crop species (carrot, cucumber,
corn) were subjected to the effects of pristine and functionalized carbon nanotubes.
Nanotubes were functionalized with carboxilic groups to
enhance their water solubility and quantum-dots particles for
imaging purposes. Root elongation was assesed in order to
establish how different concentrations of carbon nanotubes
affect the plants in this stage. Uptake and internalization of
single-walled carbon nanotubes into the roots was evaluated
using Raman spectroscopy, confocal microscopy and scanning
electron microscopy. Different responses to carbon nanotube
exposure were obtained in this study, depending on the type of
carbon nanotubes employed, their concentration and plant
specie.
Results obtained in this study are usefull in areas such as
usage and safe disposal of carbon nanotubes.

Figure 1. Shooting range
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Figure 2. Testing of tensile strength
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THERMODILATOMETRIC ANALYSIS OF KAOLIN
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INFLUENCE OF THE ENVIRONMENT ON
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Thermodilatometric analysis (TDA) is convenient
method for investigation of sintering behaviour in ceramics. It
can give insight into firing processes, phase transitions,
densification and sintering properties, thermal shock, etc. It
also provides understanding of reaction kinetics, additives and
raw materials influence. These processes are conected with
shrinkage of the sample which is measurable by dilatometer.
TDA curve is then useful to estimate the firring behaviour and
composition of ceramic green body1-4.
The push-rod thermodilatometr (SETSYS – 2400 CS,
Setaram Instrumentation) was used for TDA of kaolin (Sedlec
Ia, Sedlecký kaolin a.s.). The 150 mg of sample was introduced into alumina crucible, pressed and heated up to 1000
°C. The temperature was increasing linearly with the heating
rate of 0,25 °C·min-1. The results of the TDA ares shown in
Figure 1.

Alumino-silicate polymer product of the (-O-Si-O-Al-Si-O-)n
type is obtained by inorganic poly-condensation. Analogous
materials practically occur in the nature only in the form of
crystalline bodies, for instance zeolites, clay minerals.
Alumino-silicate polymers represent materials at the borderline between hydrated inorganic binders, vitreous and ceramic
materials.
Great attention has been paid recently to the properties of
alumino-silicate polymers. The majority of papers dealing
with the influence of the environment on the properties of
alumino-silicate polymers are dedicated to the investigation
into the effect of corrosive agents (salts, acids). It is evident
from published data that alumino-silicate polymers exhibit
excellent resistance to the action of corrosive environments
which is substantially better in some cases than that of the
materials based on Portland cement. However, a fact should be
emphasized: there is practically no information about the
influence of various types of possible exposures (aqueous,
humid, hydro-thermal) on properties of alumino-silicate polymers. Such data about the properties resulting from various
types of exposures namely belong to fundamental material
properties in the same manner as in the case of Portland
cement.
The main goal of the investigation was a systematic
study of the long-term effect of external environment on
mechanical properties of mortars containing a binder on the
basis of the alumino-silicate polymer. The influence of the
exposure of the above materials to the action of water, the
humidity (the relative humidity amounting to 98 %) and to
aqueous solutions with pH ranging from 12 to 14 was
investigated. Furthermore, the materials were subjected to the
process of “artificial aging” by a series of hydro-thermal
cycles.
The strength characteristics were studied in intervals
ranging from 7 to 360 days. The compressive strength of
materials stored under dry conditions increases consistently in
dependence on the exposure time. The values of the
compressive strength of materials kept in the humid environment increase in the beginning but, later, a slight drop could
be observed and, eventually, constant parameters are attained.
The strength of materials exposed to water increases at first
but, later, constant values are achieved. The time dependence
of the bending strength of materials exposed to all three types
of experimental conditions exhibits a constant or increasing
trend. The exposure of alumino-silicate mortars to high pH
environments results in a decrease in their strength because of
the material destruction (probably caused by their dissolution).

Figure 1. TDA curve of the ceramic kaolin Sedlec Ia.
This paper has been supported by the project No.
CZ.1.05/2.1.00/01.0012 “Centres for Materials Research at
FCH BUT” supported by operational program Research and
Development for Innovations.
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Humic substances (HSs) are organic light-absorbing
macromolecules found in nature1. HSs contain conjugated
olefinic, aromatic, phenolic–quinone structures with different
functional groups and chromophores that are capable of
absorbing electromagnetic radiation2. HSs are used as an
activator of soil, surfactants and also as material which is used
for modification of surface in order to get higher conductivity3.
The aim of this work is the study of optical and electrical
properties of thin layers of HSs. Conductivity and optical
properties of HSs were measured to provide an undersanding
of the behavior of HSs as a semiconducting material usable for
non-metallic electronic. UV-VIS and fluorescence spectroscopy were used for optical characterization; The HSs layers
thickness have been investigated using confocal laser scanning
microscopy (layers were prepared by spin coating), thickness
of layers were in range 40 – 900 nm. To characterize the
electrical properties current passing through thin layer were
measured. Current-voltage characteristics were recorded for
different conditions (dark and light). Thin layers of humic
substances were also doped with phtalocyanine and fullerenes
as modifiers of optical and electrical properties of humic
substances.
Curent-voltage characteristic has typical expenential tendency which is characteristic for semiconductive materials.
All the results taken into the consideration showed the same
trends. Optoelectrical properties of HSs can be optimized by
phtalocyanines. The results brought some relatively important
information about behavior of humic substances in thin layers.
The results partially support the investigated idea about
semiconductive characteristic of humic substances and it is
task for more measurements confirm and extend conclusions
given in this work. Reported data can be considered only as a
hint to push forward further effort to use the humic substances
as semiconductive materials useful for non-metallic electronic.

Gelation is attributed to the copolymeric nature of the
polymer, which is a result of incomplete hydrolysis of the
basic polymer. Therefore, the stereoregularity also plays an
important role: isotactic polyvinyl alcohol is dissolved easily
in cold water, but syndiotactic polyvinyl alcohol does not
dissolve even in boiling water. If the stereoregularity is not
high, gels may be formed in aqueous solutions, where tiny
crystallites act as multifunctional crosslinks. Possible three
ways exists to form a cross-linked polyvinyl alcohol from
solution. In water, where gelation is accompanied by formation of helical structures which are formed by syndiotactic
sequences in the polyvinyl alcohol molecules. Secondaly
aqueous solution, where PVAA gels are formed by crosslinking formation in terms of either hydrogen bonding
followed by crystallization of PVAA chains or complexation
with several kinds of inorganic ions such as cupric, borate,
titanate, and vanadate ions and finally in non-aqueous
solutions, where the process has to consist of organic solvents,
e.g. ethylene glycol or dimethyl sulfoxide not necessarily
mixed with water.
Polyvinyl alcohol is mixing with cement paste and
Tyzors, organotitanate crosslinking agents, to crystallizate
PVA chains and reached this way stabile MDF composite
mixture with increased moisture resistivity.
The work contains the results of evaluation and selection
of particular organotitanate cross-linking additives and optimizes the conditions of PVA cross-linking. The series of organotitanate compounds called Tyzors were examined as crosslinking additives with respect to the moisture sensitivity of the
final macro-defect free composite.
This work was supported by the project "Centre for Materials
Research at FCH BUT" No. CZ.1.05/2.1.00/01.0012 from
ERDF.
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A building industry is expanding branch all the time and
it intervenes in the life of everyone. Aeroconcrete is very attractive and actual subject nowadays because economy is important point of view of production1 . This material finds a widespread use thanks to its specific properties. The good manipulation and great thermal insulating properties are secured by
its porous structure. Furthermore, proper material selection
provides a saving of power of house for every customer
demands. Due to aeroconcrete’s sufficient compressive
strength it is useful for both constructions and internal walls.
Fundamental and very important for final material properties
is raw material composition of aeroconcrete. A relationship
between composition of filler (quartz sand) and resultant
properties of aeroconcrete is an objective of the thesis.
This thesis deals with usability of sands for preparation of
aeroconcrete materials in hydrotermal conditions. Materials
for experiments were provided by Xella CZ, s.r.o., specifically
11 samples of sand from the nearest surroundings of factory in
Hrusovany. The quality of aeroconcrete materials are influenced by composition of raw materials and a goal of this work
was to analyze the samples and choose the best sand for use in
a practice. For sample analysis XRD diffraction and ICPOES2,3 were used. The object of interest was relationship
between composition and mechanical properties (e. g. compressive strength and grindability).

In this work adsorption selectivity and atomic details of
CO2 and CH4 in ZIF-78 were study using grand canonical
monte carlo (GCMC) and molecular dynamic (MD)
simulations, respectively. In the first step, suitable parameterizations were validated using the experiment adsorption
isotherm. One lattice units of ZIF-78 of (1×1×1) and 8 unit
(2×2×2) dimensional super cells were used in GCMC and MD
simulations, respectively. Loadings of the guest molecule in
MD simulation at 298 K are 10, 80, 150, 220 molecules for
CO2 and 5, 25, 45, 65 molecules for CH4. The results show
that adsorption site for CO2 and CH4 is O atoms of –NO2
group and C atoms of nitroimidazole of ZIF-78, respectively.
The result also found that the adsorption selectivity of CO2
from CH4 mixture at 1 atm is equal 8,15. This demonstrates
that ZIF-78 can used to separate CO2 from CH4.
This work was supported by the National Research University
Project of CHE, the Ratchadaphiseksomphot Endowment
Fund (AM1078I) and the Thailand Research Fund (TRF:RTA
4980006) as well as the Deutsche Forschungsgemeinschaft
(Schwerpunktprogramm SPP 1392). S.P. thanks the Asian
Development Bank (ADB) scholarship for financial support.
O.S. thanks the Ratchadaphiseksomphot Endowment Fund
from Chulalongkorn University for Postdoctoral fellowship.
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Various natural and synthetic polymers have been widely
investigated for their specific interactions with water molecules1. It is well known that via these interactions water has a
strong influence on physical and chemical properties of polymers. In addition polymer hydration properties such as water
holding capacity, state of water, water self-diffusion coefficients etc. are important for their industrial and medicinal
applications. Therefore, in order to improve their appplication
potential, understanding of the influence of water on polymer
physical structure under various conditions is of a great importance.
The traditional way of differentiation of water molecules
in hydration shells of polymers using differential scanning
calorimetry (DSC) is based on freezing/thawing experiments1
in which the difference in physical properties between freezable water in form of ice and non-freezing water (does not
form ice) is investigated. The aim of this study is to assess the
hydration of carboxymethyl cellulose (CMC) with different
molecular weights and different degrees of substitution by this
conventional DSC approach and to compare obtained results
with other alternative methods.
As pointed out recently, results obtained by DSC
freezing/thawing experiments can provide different results
when the hydration is determined from crystalization and melting peaks, mainly in case of water insoluble polymers2. It was
also concluded that water cannot be monitored in principle by
calorimetric analysis and term thermally latent water was
introduced. In this work the hydration is studied using both
processes and differences in freezing/thawing experiments are
discussed with respect to presence of so-called freezing bond
water which is understood as the interlayer between nonfreezing and free-water. Further, the CMC derivatives are
studied by method based on the water evaporation as recently
suggested by Prusova et al.3

Nowadays, waste material production grows worldwide
as well as an effort of its further utilization. This effort leads to
increasing efficiency of industrial production. It is possible to
treat some waste materials again and we can use their properties which are a quality alternative for the common used
natural materials whose mining is unbearable in light of economic and ecological. It is treated waste from metallurgy,
chemical industry and power plants such as slag, ash and fly
ash especially.
We were interested mainly in fly ash utilization in our
work. It was necessary to do some experimental verification of
ecological availability according to the Decree No. 294/2005
Coll. to break ash in building material. In agreement with that
legislative a content of hazardous elements in dry matter and
leach (As, Ba, Cd, Co, Cr, Cu, Hg, Mo, Mn, Ni, Pb, Sb, Se, V,
Zn), an amount of radionuclide 226Ra, 40K, 228Th and also
ecotoxicity were controlled. Some organic pollutants were
followed up in dry matter as well, such as extractable organic
halogen (EOX), BTEX (benzene, toluene, ethylbenzene, and
xylene), polycyclic aromatic hydrocarbon (PAH), hydrocarbons C10 – C40 and polychlorinated biphenyls (PCB). The
ecotoxicological tests evaluated global effect and interaction
of various factors of aqueous leach with waste or materials
containing trash on various levels of ecosystem by using real
background simulation.
Ecotoxicological tests were used for evaluation of
ecotoxicity, represented by 4 trophic levels, with several bioindicators evaluated at different exposure time periods. The
battery of classical tests includes the growth inhibition test of
the freshwater alga Raphidocellis subcapitata, the immobilization test of the cladoceran Daphnia magna and freshwater fish Poecilia reticulata. Ecotoxicity was evaluated by
test of inhibitive effects on the root growth of white mustards
Sinapis alba.
At the end of testing the fly ashes satisfying specified
limits were selected. Those were used for inorganic composite
production which includes different content of fly ashes. The
tests for ecological and technological (physico-chemical and
physico-mechanical characteristics) suitability of this composite were made subsequently.

This work was supported by Ministry of Education, Youth and
Sport of the Czech Republic project No. 0021630501.
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ANALYSIS OF CREEP BEHAVIOR OF HIGH
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High-density polyethylene (HDPE) pipes are used
extensively for the transportation of natural gas, water, fuel
etc. PE pipes have replaced clay, copper, asbestos-cement,
iron and concrete pipes in various applications since the
1950s. HDPE pipes used for gas transport are under preassure
for all lifetime period. In service, the time dependent
phenomena notably creep take place during lifetime. Shortand long-term tensile creep tests of HDPE have been conducted at different stress levels and two different temperatures,
23°C and 80°C. All experiments were realized on two types of
HDPE materials PIPELIFE 100 RC and HDPE XS10B.
Specimens for creep experiments were moulded from
granules. This technique of preparation excludes anisotropy of
materials related to preferential orientation of macromolecular
chains. Phenomenological approach was chosen for characterization of creep properties. This work is part of wide research:
Fracture damage mechanism of multilayer polymer body.
Obtained results serve like corroborative datas for numerical
modeling of fracture damage mechanism of plastic pipes.

Pyrolysis, as a way of biomass and waste processing,
brings many benefits when the obtained products may provide
a basis for energy gaining, but also raw material for a
production of certain chemical compounds used in other
sectors. Another advantage, of course, is the reduction of
environmental pollution compared with conventional fuel
combustion.
The process of pyrolysis occurs at three stages. At first
stage organic material is drying and is released the moisture
(temperature to 200 °C), at the second stage are decomposed
mainly carbon-carbon, carbon-hydrogen bonds and carbonoxygen bonds inside macromolecular organic materials and
are forming volatile gaseous products, liquid simple hydrocarbon products and solid residue. At third stage (above
500°C) are hydrocarbons transformed into H2, CO, CO2 and
CH41.
The paper deals with the results of pyrolytic processing
of various sample of organic polymer waste (lignocellulosic
polymer and plastic polymer). The products of pyrolysis are
char, pyrolysis oil and pyrolysis gas. The chemical composition of pyrolytic products and their utilization depend on
chemical composition of material, pyrolysis temperature,
heating rate, pressure, oxygen, pyrolysis technique2.
We processed the samples of the wood sawdust, the
straw, polypropylene and polyethyleneterephtalate (PET) in
the laboratory pyrolysis equipment. The conditions of pyrolysis were 500 °C and non-oxidative atmosphere (nitrogen).
We observed the weight decrease of the sample and the yield
of products. The heighest decrease of weight was determined
by the samples of plastic and the highest amount (about 70%)
of pyrolytic gas too.

This work was supported by Grant Agency of Czech Republic
ČR, grant No. 106/09/0279.
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PAVEL ŠILER and JOSEF KRÁTKÝ
Faculty of Chemistry, Brno University of Technology,
Purkyňova 118, 612 00, Brno, Czech Republic
siler@fch.vutbr.cz

This work was supported by Slovak Grant Agency VEGA,
grant No. 1/0471/10.

The possibilities of a multicell isoperibolic – semiadiabatic calorimeter for the measurement of the hydration
heat evolution and maximum developed temperature of
cement mixture of different composition during setting and
early hardening are presented. The measurements were aimed
to determine the impact of selected components content on the
course of portland cement hydration. As components used for
the determination of the behavior in mixtures have been used:
very finely ground granulated blast furnace slag (GBFS), silica
fume (microsilica, SF), especially grinded quartz sand (SGQ)
and calcinated bauxite (B). Commercial polycarboxylate type
superplasticizer was also added.
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THE CONTENT OF POLYCYCLIC AROMATIC
HYDROCARBONS IN MOTOR OIL AND HYDRAULIC
OIL
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Industrial waste oils are classed as hazardous waste with
the amount of various classes of hazardous substances, mainly
heavy metals, PCBs and PAHs. Polycyclic aromatic hydrocarbons are a group of over 100 different compounds with
lipophilic character. They can be formed from natural and
anthropogenic sources, when complex organic substances are
exposed to high temperatures or pressures. Some PAHs have
been identified as carcinogenic, mutagenic and teratogenic
substances2.
PAH compounds occured also in unused oils, due to the
production process. Their content and composition during
using of oils vary, that is dependent as well as way and time of
using1. Therefore it is important compare their in samples of
oil before and after using.
In this work, changes of PAHs content in motor oil and
hydraulic oil during using, were analysed. Samples were
treated with liquid-liquid extraction using solvents, that
consits of hexane, methanol, water and N,N-dimethylformamide in various ratio. The concentrated extract was
purified by SPE. The identification and quantification some
PAHs was carried out by capillary column gas chromatography with mass spectrometer (GC/MS).
In used oil samples was determinated higher amount of
PAHs and were identified also PAH compounds, that in
unused oil samples were not occured. These compounds were
mainly alkylderivate of PAHs.

Polyurethanes are copolymers consisting of a chain of
low molecular weight polyester or polyether molecules joint
by covalent bond through characteristic urethane linkage, NH-CO-O-1. Properties depend on degree of polymerization,
structure with typical branched and crosslinked macromolecules and the length of chain between each urethane linkage2.
Sandwich construction materials are often used nowadays
in building industry. Their advantages are low weight, simple
installation and good thermo and acoustic insulation properties. They are composed of two layers of metal alloy with a
thermo insulation layer between them3.
Disadvantages of polyurethane are high inflammability,
high temperature of flames, high degree of smoke production
and production of toxic fumes and compounds. These
properties are considerable at polyurethane foam used as a
acoustic and thermo insulation material. The use of fire retardants reducing inflammability can lead to a production of its
own toxic fumes.
Combustion of polyurethane produces carbon oxides
(CO, CO2), water, nitrogen oxides (N2O, NO, NO2) and
hydrogen cyanide4. Esperanza5 identified also six hydrocarbons (methane, ethylene, etc.) and 31 volatile and semi
volatile organic compounds (benzene, toluene, naphthalene,
etc.).
This work brings new information on pollutants produced
by combustion of building materials based on PUR. The
subject of evaluation was the emission of hydrogen cyanide, a
important PUR combustion product from toxicology point of
view. Sample collection, laboratory sample analysis and
comparison of results with the legislation limits were performed.
Sampling was conducted by standard sampling equipment supplied by co. EMIMAT. Samples were taken by
stainless steel sampling probe connected to a set of absorbers
filled with absorber solution by a silicone tubes. Subsequent to
absorbers was a layer of silica gel to separate the gas moisture.
Gas flow was determined by flow meter and supplied by
membrane pump. Concentration of pollutants was analyzed by
colorimetry, which is a analytic method recommended for
HCN analysis by several authors6. Results were corrected for
standard conditions (20ºC, 101,3 kPa) and compared with
highest acceptable exposition limit (NPEL). According to
government regulation no. 300/2007 coll., appendix no. 17,

This work was supported by Slovak Grant Agency VEGA,
grant No. 1/0471/10.
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Specimens of reference PU (no PHB) and PU filled with
1, 5 and 10 % of PHB were successfully synthesized on
vacuum line apparatus. An analysis by SEM proves that
prepared materials have character of particle reinforced composite material where PHB particles are regular with size of
about 1 – 2 μm in diameter. Tensile measurement demonstrates that Young’s modulus of each sample increase with
increasing volume fraction of the filler. From measuring
stress-strain data the first and the second term of MooneyRivlin equation were calculated. Getting constants were
applied to recalculate stress-strain curves. It was found that
Mooney-Rivlin equation corresponds well with stress-strain
behavior of prepared specimens.
Proposed work shows that biodegradable filler, which in
this case supplies polyol component, can improve mechanical
properties of final product and possibly enhance the biodegradability of commercial Pus.

highest acceptable exposition limit for HCN in work environment air is 2,1 mg m-3. Measured values of HCN were in
range from 10 to 160 mg in analysed combustion gases.
Results indicate that acceptable limits according to legislation
were exceeded several times.
This work was supported by MŠ SR, grant VEGA No.
1/0471/10.
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Biodegradable aliphatic polyesters based on polylactones
and polylactides are widely used in biomedical applications
(Capronor) as well as in packaging (Mater-Bi, Novamont).
Ring-opening polymerization (ROP) of lactones or lactides
and functionally related monomers is major method to synthesize corresponding polyesters. Among known ROP catalysts,
organoaluminum compounds (belonging to strong Lewis
acids) represent highly selective catalysts being effective in
the presence of alcohol as nucleophilic agent.
In this work, novel triazole-based aluminum compounds
{O,O’-[4,5-P(O)Ph2tz]-AliBu2};O,O’-[4,5-P(O)Ph2tz]-AliBu2}
and {κ3-N,N’,S-[4,5-P(S)Ph2tz)2(μ-tz)]-AliBu2}2 were investigated as possible catalysts for the ROP of ε-caprolactone and
d,l-lactide. ROP reactions were performed in a chlorobenzene
solution at 50 °C for 24 or 48 h in the presence of benzyl
alcohol or butanol as initiators.
Based on the results, all Al complexes efficiently
catalyzed ROP of ε-caprolactone (at 500 or 1000 excess to Al)
in the presence of benzyl alcohol leading to high molecular
weight polymers having molecular weight distribution
(Mw/Mn) between 1,1 – 1,5. Catalytic efficiency expressed as
the ratio of Mn(Theor)/Mn(NMR)/Mn(GPC) was found to be 1/1,1/1
under mentioned conditions.

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 pollution by non-degradable polymer
waste dump. 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.
In the proposed work, new elastomeric bio-polyol based
polyurethanes (PUs) with specific mechanical properties were
prepared by one-shot process. Commercial non-degradable
polyether polyol derived from petrochemical feed stocks was
partly substituted by the biodegradable polyhydroxybutyrate
(PHB), which belongs to group of polyhydroxyalcanoates.
PHB is produced by microorganisms having physicomechanical properties comparable to synthetic polypropylene.
Morphology of elastomeric PU composites was evaluated by scanning electron microscopy (SEM). Mechanical
properties of prepared samples were obtained by both tensile
measurements and prediction via Mooney-Rivlin equation.
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Among examined complexes, only compound O,O’-[4,5P(O)Ph2tz]-AliBu2} showed catalytic activity for the ROP of
d,l –lactide in the presence of n-butanol initiator. However,
with a view to Mw/Mn approximating to 2, the polymerization
reaction was not well controlled exhibiting side reactions (e.g.
transesterification, chain transfer, end-groups coupling).
The proposed work confirmed the newly used triazolebased aluminum compounds as suitable ROP catalysts of εcaprolactone using benzyl alcohol initiator.
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This study presents a multi-scale approach to strength of
cement paste, which is the binder for all cementitious materials, including mortar, concrete, high-performance concrete,
sprayed concrete, jet grouted soil, etc. The strength of cementitious materials primarily depends on the mode of loading
(tension/compression), on the composition of the material, and
on the maturity, i.e. on the hydration degree.
Isothermal calorimetry is the experimental method for
evaluating early-age hydration kinetics, typically up to ages
ranging from 7 d – 14 d. A heat-flux differential calorimeter
Toni Cal 7338 was used for the calorimetry experiments.
Compressive stress is the stress state caused by an
applied load that acts to reduce the length of the material in
the axis of the applied load. A simple case of compression is
the uniaxial compression induced by the action of two
opposite, pushing forces. To measure hardened cement paste
samples, was used the universal testing machine:
Walter & Bai LFM 150.
On the base of the results it can be concluded that the
tests carried out at hydration degrees smaller or equal than
approximately 50 % are not affected by lime leaching. These
tests were used to back-analysis based on the micromechanics
model1 (the microscopic deviatoric hydrate strength of the
hydration products). For cement CEM I 42.5 N the adjusted
model prediction agrees very well with the measurements, i.e.
the quadratic correlation coefficient amounts to very satisfactory (99,35 %). The correlation for CEM I 52.5 R, between
the adjusted model prediction and the measurements is quantified by the quadratic correlation coefficient which amounts to
91,49 %.

2-P37
VISCOELASTIC PROPERTIES OF COLLAGEN I
NINA TOMEČKOVÁ and JOSEF JANČÁŘ
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Republic,
xctomeckovan@fch.vutbr.cz
Proteins are materials with the characteristic hierarchical
design, which involves formation of multi-functional and
stimuli responsive materials. Collagen is Nature’s most
abundant structural protein and the basic building unit of
human body. There are many types of collagen, but the most
abundant is collagen I, which forms almost 90 % of collagen
in human body. It is essential in forming bones, skin, tendons,
cornea and ligaments.
Rheological properties of collagen are significant,
because it is widely used as a biomaterial. It is well known
that many biological soft tissues behave as viscoelastic
materials with hysteresis curves being nearly independent of
strain rate when loading frequency is varied over a large
range1.
Influence of structural parameters such as degree of
crosslinking, concentration and pH on viscoelastic properties
will be assessed in this work.
This work was supported by MŠMT ČR, grant No.
0021630501.
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Conversion coating belongs to best promising ways of
surface treatment of magnesium alloys1. These alloys are very
prospective due to their low specific weight and good mechanical properties. Their mean disadvantage is high reactivity
leading to low corrosion resistance. New compositions used
for the protective conversion coating fromation are described.
Properties of the coatings are compared with values obtained
at reference chromate coatings.
Up to now, almost no attention was given to use of
wavelength dispersive x-ray spectroscopy (WDS) in connection with scanning electron microscopy. The elemental microanalysis was usually performed by EDS systems, since they
are very easy to use, need no calibration, analyses are very fast
and the spectral resolution and accuracy of results is satisfactory2.
Since the chemistry of the coating formation is in focus
of our research, WDS was used to analyse the coating layers
compositions. Although the demanding calibration was
needed, the two-order better spectral resolution enables to get
more accurate quanifiaction, but mainly the shift of spectral
lines can be observed caused by different chemistry environment3.

Rheological properties of cement paste are critical for the
concrete industry, because they affect placement and workability. Moreover, these properties are responsible for the
quality of concrete (mechanical properties, durability).
Fundamental and phenomenological rheological models
have been proposed in the literature for characterizing the
behaviour of fresh cementitious materials. Rheology, defined
as ,,the study of deformation flow”, provides a relationship
between shear stress and rate of deformation1.
Finding a rheological model describing flow curve for
cementitious pastes has proved to be challenge. The most
commonly used model is the Bingham model, which is given
by: τ = τ0 + μpγ. In which τ is the shear stress [Pa], τ0 the yield
stress [Pa], μp the plastic viscosity [Pa.s] and γ the shear strain
rate [s-1] 2.
The thixotropy bebaviour is most common for cementitous materials3. According to Barnes4, the accepted definition
of thixotropy is ,,a gradual decrease of the viscosity under
shear stress followed by gradual recovery of structure when
the stress is removed”.
The aim of this work has been to give a contribution to
the fundamental understanding of the rheological behaviour of
cementitious pastes. It was studied influence of water-tocement ratio, superplasticizer dosage, tixotropy and aging of
different cement pastes.
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Sulfur and selenium trioxides react as Lewis acids with
dialkyl and cyclic ethers to form donor-acceptor complexes
having various degree of stability as primary products of this
interaction. Quick rearrange of dialkyl ethers complexes to
corresponding dialkyl sulfates or dialkyl selenates makes the
isolation and subsequent structural characterization of these
s941
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products more difficult. Donor-acceptor complexes with cyclic
ethers as for exmaple 1,4-dioxanesupposed to be more stable
towards rearrangement to sulfates or selenates but further
reactionssuch as the ring-opening polymerization could take
place.
Some representatives of these intermediates found their
application also on industrial scale. Dimethyl sulfate can be
manufactured and obtained in an excellent yield and purity on
a continuous basis from dimethyl ether and liquid sulfur
trioxide1. Complexes ofsulfur trioxidewith1,4-dioxane were
used in the sulfonation of olefins2 and aromatic compounds2,3.
In our previous work, donor-acceptor complexes with
the formula Et2O·SeO3 and (Me2O)2·SeO3 were synthesized
by the reaction of selenium trioxide with dialkyl ethers (R2O,
where R = Me, Et)4. The crystal and molecular structures of
both complexes,which are stable only below their melting
points, was determinedby X-ray structure analysis.Further,
crystal and molecular structures of adducts with 1,4-dioxane:
C4H8O2·SO3 and C4H8O2·2SO3 were determined by X-ray
structure analysis and Raman spectroscopy5.

Scheme 1.
HyperChem

Simulation

of

C4H8O·SeO3

structure

3.
4.
5.

Hurd C. D., Kharasch N.: J. Am. Chem. Soc. 69, 2113
(1947).
Richtera L., Taraba J., Toužín J.: Z. Anorg. Allg. Chem.
629, 716 (2003).
Richtera L., Taraba J., Toužín J.: Collect. Czech. Chem.
Commun. 71, 155 (2006).
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PROCESSING OF MONOFILAMENTS FROM
BIODEGRADABLE POLYSACCHARIDE MATERIALS
JIŘÍ BĚŤÁK, JOLANA ŠČUDLOVÁ, PAVEL KLEIN,
ILONA MATĚJKOVÁ, DAVID MAŠEK and VLADIMÍR
VELEBNÝ
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The interest of medical industry in the polysaccharidic
materials is rising continuously, especially in those materials
which are naturally occured in the human body. One of such
materials is hyaluronic acid. The main reason for the increased
attention about this material rises from it´s full metabolic
resorbability1. This material property is advantageous for
preparation of various fibrous and textile medical devices such
as sutures or anti-adhesive textile layers.
The presented study describes application of the wetspinning technology for the monofilamentous fibers formation2,3. The process is based on the coagulation of the fiberforming polymer solution that is extruded through a spinnerette to a non-solvent baths. Various process parameters
influencing the mechanical properties of the final fiber are
studied.

in

In this work, the synthesis of donor-acceptor complexes
with the formula C4H8O·SO3 and C4H8O·SeO3 was
performed. Tetrahydrofuran (THF) was used in a high excess
with respect to trioxide since it functions as solvent for the
reaction as well.
The reaction of sulfur trioxide with THF was carried out
at -30 °C to prevent the decomposition of organic component.
Further,the solubility of sulfur trioxide was still sufficient to
form a clear solution. Even at this low temperature the
concomitant formation of gelous polymeric substance along
with white crystalline solid was immediately observed.
Unfortunately, all attempts to detect C4H8O·SO3 in reaction
mixture failed.
The reaction of selenium trioxide with THF was carried
out under same conditions. Long colourless needle crystals
were isolated in a quantitative yield. However, regarding the
extreme instability of these adduct, all attempts to isolatethe
crystals of C4H8O·SeO3suitable for X-ray structure analysis
failed.The identification of the product C4H8O·SeO3was
performed by means of Raman spectroscopy.

Scheme 1. Fiber-spinning process, tested parameters: A
(polymer solution properties), B (extruding spinnerette), C
(coagulation bath), D (drying, coagulant evaporation), E (fiber
elongation).
The resulting fibrous monofilaments were mechanically
tested and the influences of various fillers implemented having
branched structure, were evaluated. The study also shows
some of the post-processing operations such as residualsolvent extraction. The final operation mentioned is the fibertwisting into a form of threads that can be further fabricated
into textile fabrics.

This work was supported by the Ministry of Education of the
Czech Republic under the project no. MSM 0021630501.
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given raw mix, in relation to the accordingly designed raw
material mix.

2-P43
SYNTHESIS OF POLYVINYLALCOHOLHYDROXYAPATITE COMPOSITE MEMBRANES
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2-P45
IMPROVEMENT OF CORROSION RESISTANCE OF
EXTRUDED AZ61 MAGNESIUM ALLOY
ANETA NĚMCOVÁ1, JAKUB TKACZ2, MARTIN
ZMRZLÝ2 and BOHUMIL PACAL1

Set of polyvinyl alcohol(PVA) and nanohydroxyapatite (HA)
composite membranes were made with various HA weight
percent - 0%, 10%, 20%, 30%, 40% and 50%. Nanohydroxyapatite was prepared by sol-gel procedure using diamonnium
hydrogen phosphate and calcium nitrate tetrahydrate in water
alkaline environment and then mixed with solution of
polyvinyalcohol, which was prepared by dissolving it in water
at 85°C. Different mixtures were casted in a mould and
evaporated for 7 days at temperature 30 °C to obtain 1mm
thin membranes. DSC, SEM and FTIR methods were used to
characterise biocomposite membranes. Also, in vitro bioactivity in Simulated Blood Fluid (SBF) has been investigated as
well as tensile properties. Then the effect of HA amount upon
the membranes was discussed. It was observed formation of
clusters within membranes with increasing amount of HA
particles due to hydrogen bond and also the agglomeration and
crystal growth of HA particles during drying of membranes.
The tensile properties decreases with the increasing content of
HA in membranes, as well as the onset temperatures and
temperature peaks shown in DSC curves. The bioactivity was
found increasing with the presence of HA in biocomposite
materials.

1

Institute of Material Science and Engineering, Faculty of
Mechanical Engineering, Brno University of Technology,
Technická 2, Brno, Czech Republic, 2Institute of Materials
Science, Faculty of Chemistry, Brno University of Technology,
Purkyňova 118, Brno, Czech Republic
ynemco00@stud.fme.vutbr.cz

The use of magnesium alloys in structural applications is
the most active area. A reduction in the weight of vehicles
helps to minimize the fuel consumption and emissions.
Disadvantage of magnesium alloys is low corrosion resistance.
Therefore, the good corrosion protection is up to date topic for
scientist around the world.
This paper deals with the investigation of corrosion
resistance of extruded AZ61 magnesium alloy. Two different
surface coatings were prepared. The first treatment was
contained from the binary based Mastic and the polysiloxane
top protective coating Hemphatane Topcoat. The second
treatment was process based on phosphate-permanganate. This
conversion coating was prepared like alternative to the
chromating process which proved greatly results on magnesium alloys. Nevertheless, the use of chromates is limited by
the environmental regulations in Europe.
The corrosion resitance of surface treatmensts were
compared with that of uncoated metal. The corrosion test
cabinet was used for assessment of corrosoin behavaiour. The
course of the corrosion tests were in accordance with the
standard ČSN EN ISO 9227. The experiments were carried
out with increasing exposition. Every cycle was conducted in
the test environment of 5% aqueous solution of NaCl with
pH = 6,9 and temperature 35°C ± 2°C.
Final evaluation was based on measuring at analytical
balances and metallographic evaluation.

2-P44
UTILIZATION OF FLUID BED FLY ASH IN THE
PREPARATION OF RAW MATERIAL BASE FOR
PORTLAND CEMENT BURNING
DOMINIK GAZDIČ, MARCELA FRIDRICHOVÁ
and KAREL DVOŘÁK
Brno University of Technology, Faculty of Civil Engineering,
Veveří 331/95, 602 00 Brno
gazdic.d@fce.vutbr.cz

This work was supported by project of specific research of
Brno University of Technology FSI-J-10-38.

The submitted research work is solved in the scope of
the grant project ÚTHD FAST Brno. It records in principle the
possibility of secondary raw material utilization in preparation
of the raw material base for burning of Portland cement
clinker. Concretely it concerns the fluid bed fly ash, produced
by the power industry by modern low temperature combustion
of mainly fossil fuels and of other alternative fuels too.
The optimization of the raw mix composition for the
burning of Portland cement composed from two till four
components was realized in the scope of the work. The effect
of the selected regime on the burning process was
preferentially evaluated on the base of the produced clinker
phase composition, taking also into account its chemism. Not
least the saving of carbon dioxide emissions were followed up
and expressed as the decrease of carbon dioxide content in the
s943
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2-P47
RELATIONSHIPS BETWEEN REACTIVITY AND
MOLECULAR ELECTROSTATIC POTENTIAL OF
NITROAROMATIC ENERGETIC MATERIALS

2-P46
INFLUENCE OF THE UREA ON CORROSION
PROCESS OF ALUMINIUM ALLOYS
EVA NOVOTNÁ, ANETA NĚMCOVÁ, BOHUMIL
PACAL and JAROMÍR TULKA

MICHAL PEXA and ZDENĚK FRIEDL

Institute of Material Science and Engineering, Faculty of
Mechanical Engineering, Brno University of Technology,
Technická 2, Brno, Czech Republic
ynemco00@stud.fme.vutbr.cz

Brno University of Technology, Faculty of Chemistry,
Purkyňova 118, 61200 Brno, Czech Republic
friedl@fch.vutbr.cz
Energetic materials with C(Ar)-NO2 groups are generally
characterized by thermochemical characteristics as homolytic
bond dissociation energy BDE describing the C-NO2 bond
fission. This step is mostly the primary fission process under
thermal, impact, shock, and electric spark initiation stimuli. To
predict BDE energies the theoretical calculations at ab initio or
DFT level are conducted but the reactions ArC-NO2 →ArC· +
·NO2 are substantially influenced by an incomplete treatment
of electron correlation.
To overcome this substantial drawback the alternative
method based on principle of well equilibrated isodesmic
reactions was suggested recently1: The measure of bond
strength is reaction energy of an isodesmic reaction ArC-NO2
+ SArH → ArC-H + SAr-NO2 where the pair SArH and SArNO2 corresponds to standard nitroaromatic compounds. This
reaction energy is expressed as the bond disproportionation
energy DISP(C-NO2) and should be free from electron
correlation effects accompanying homolytic bond fission.
In analysis of reactivity of energetic materials the
molecular surface electrostatic potential V(r) is a promising
tool2.

Aluminium and its alloys are attractive in many
technological applications due to its characteristics such as
light weight, durability and good corrosion resistance.
Frequent uses of these materials are in the automotive and
aerospace industry. However, untreated aluminium alloys
based on Al-Mg-Cu are susceptible to corrosion in aggressive
atmosphere like NaCl aqueous solution.
The resistance of Al against corrosion in aqueous media
can be attributed to a rapidly formed surface oxide film, which
is composed maily of Al2O3, Al(OH)3 and AlO(OH) phases.
Nevertheless, the presence of aggressive ions like chlorides
causes significant attack. The main corrosion process that is
developed on the surface of Al alloys in a NaCl solution is the
localized alkaline corrosion in the Al matrix surrounding
Al(Mn, Fe, Cr) cathodic intermetallics.
This paper deals with corrosion behaviour of AlCu4Mg1
alloy in the aqueous solution inclusive 0,07 mol of urea +
0.03 mol of NaCl dissolved in the water. Two types of
experimental samples were used. One of them was L-beam
(AlCu4Mg1) with dimensions 14 x 14 mm with length 50 mm
and thickness 2 mm. The second type was a AlCu4Mg1 sheet
with 99,5% Al coating on the surface with dimensions 30 x 50
x 1 mm. Corrosion tests were performed as a modified OECD
technique. The samples were placed into the small testing cells
for provision no interaction of the samples. There were 30 ml
of corrosion solution on the bottom of each cell and the
samples were hung up above the surface. Testing mode was
cyclical (8 hrs 35°C, 16 hrs 23°C – 1 cycle). The experiments
were carried out with increasing exposition time (1, 5, 10, 20,
31 and 42 cycles).
The weight losses were evaluated and the statistic
analysis was performed. First the Dixon test extreme deviations (maximal and minimal values) and than the corrosion
rate [g m-2 d-1] were calculated from the weight losses.

V (r ) = ∑
A

ZA
ρ (r´)dr´
−
R A − r ∫ r´ − r

(1)

In the case of polynitro aromatic compounds its positive value
above the aromatic ring (VS,max(ring)) can be used for QSPR
studies.
The bond disproportionation energies DISP(C-NO2) and
bond dissociation energies BDE(C-NO2) for 30 nitroaromatic
energetic materials were calculated at DFT B3LYP/6311+G(d,p) level with ZPE correction. The energies obtained
were correlated with both electrostatic potential maxima
VS,max(ring) and total charges of the most reactive nitro group
Q(NO2) in relevant structure. The results obtained show the
closer correlation of DISP energies with Q(NO2) charges but
without any structural patterns. The correlations with
molecular surface electrostatic potential maxima VS,max(ring)
enable the more detailed insight into molecular structure of
nitroaromatic energetic materials at primary fission process.

This research was supported by project of Ministry of Industry
and Trade of the Czech Republic no. FR TI 1/274.
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solvents (VOCs) leading in both cases to swelling of the
polymer matrix, in contrast to the permeation of oxygen at
which the swelling does not occur.

Pexa M., Friedl Z.: Proc. 14th Seminar New Trends in
Research of Energetic Materials, Part II, pp.893-899. UP
Pardubice, April 2011.

2-P48
INDUSTRIAL POLLUTANTS PERMEATION
RESISTANCE OF NANOSTRUCTURED FILMS

2-P49
PRODUCTION TECHNOLOGY OF DENTAL
COMPOSITE PREPREG

RADEK PŘIKRYL, VLADIMIR OBŠEL, ONDŘEJ
SEDLÁČEK and MICHAL PROCHÁZKA
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Use of dental composites in dental prosthetics become
increasingly important. With a wide range of properties of
these materials can be used as fillers in a variety of front and
posterior teeth (particle composites) or to preparation of postorthodontic retention, leg braces and a reinforcement of
platform structures (fiber-reinforced composites - FRC).
Fiber composites are used in dentistry as a material for
the preparation of total dental prostheses (short-fiber
composites) or as a reinforcement of platform applications,
post-orthodontic plates, retention, etc. (long-fiber composites).
Depending on the type of the resulting applications can be
used unidirectional or multidirectional reinforcement. These
fiber composites comes in to processors in the form of
impregnated fiber bundle - prepreg.
The most common way to produce these materials is
pultrusion. Pultrusion is a method for producing composite
materials by pulling. As the reinforcement is frequently used
form of glass fiber bundles oriented in one direction, braided
fiber, fabric and nonwoven mats. Unsaturated Polyester Resin
or vinylester resin is generally used as a matrix. In the case of
dental fiber-matrix composites it is used matrix based on on
bis-GMA. Pultrusion is a continuous process is basically
composed of several basic stages of production, which over
the years, much has not changed. They're unwinding fiber,
their impregnation, molding, curing, extraction and shearing.
In the case of dental fiber composites, which are produced in
the form of uncured, impregnated strips called prepregs,
curing process is omitted. In terms of production technology
the material is therefore a very specific. Does not retain a
linear form, bends and twists in the ratio between the length
contraction alone impregnated tape, release paper and foil.
Prepreg tape is very soft, which places increased demands on
accuracy and proper component placement guidance device. A
specific of uncured prepreg manufacturing is its cutting
compared to conventional cutting of cured composites. When
it is guided through the equippment, the end of cutted prepreg
and cutting tool is contaminated by still sticky resin, which
complicates any further processing.
This article describes the design of special system for
dental prepreg production. Based on all our experiences
cutting system and towing equipment that is capable to
eliminated these problems were designed. The whole system
has been continuously optimized and then tested during
production.

Nanotech processes of thin barrier films preparation is
currently used and developed in many industries. In the case
of packaging materials for food, medicines and harmful
substances, including construction materials for protection
against toxic agents are the final outcomes of scientific work
focused mainly on the preparation multilayer structures to
obtain the barrier materials with very low permeation of O2,
CO2, H2O vapor, etc. Typically, polymer-based PET, BOPET,
PP and PA foils are modified by combining the layers based
on SiOx, metallic and organic layers, which are usually
laminated with other polymer covering layer. This creates a
great range of high quality products suitable for different types
of packaging, whether in food, medicine, pharmacy,
microelectronics and the like. From a military point of view,
an effort is made to find cost effective ways of preparing new
highly durable, solid, low-flammable and lightweight
materials for personal protective equipment and containers or
appropriate methods and procedures to increase the resistance
of current construction materials. A key feature is their
resistance to permeation by industrial pollutants (VOCs) and
other highly toxic agents (CWA). For this purpose, polymer
films based on PET are not very suitable, which, although they
exhibit excellent resistance to permeation of most toxic
substances, they are quite rigid and less resistant to periodic
mechanical stress while wearing protective equipment.
With the aim to modify the in the Czech Army used
copolymer PEVA foil (polyethylenevinylacetate) from which
the single-use protective overcoat JP 95 is currently made up,
barrier coatings based on melamine and SiOx were applied to
its surface with the aid of plasma technologies. The prepared
nanocoatings were characterized in terms of surface
morphology (SEM), chemical structure (FTIR) and oxygen
permeability (OTR) at the University of Technology. The
selected samples coated with a polymer matrix barrier
nanocoatings were continuously evaluated for resistance to
permeation of highly toxic chemicals (CWA) and industrial
pollutants at the VTÚO Brno institute. In addition,
microstructure of some selected samples was assessed before
and after exposure to pollutants.
For testing the resistance of the samples, permeation by
sulfur mustard (HD) was used, and as a replacement test
substance cyclohexane first and then 1,6-dichlorhexane, the
latter of which proved more advantageous. Presented are the
resulting OTR values and also the permeation of toxic
substances both of the initial uncoated and the barrier-layerscoated PEVA foil. The results show a difference in the
mechanism of vapor permeation of CWA and organic

This work was supported by MŠMT ČR, grant No.
MSM0021630501.
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2-P50
ANALYSIS OF ORGANIC PHASE CHANGE
MATERIALS AS LATENT HEAT STORAGE MEDIUM

2-P51
CORROSION DEGRADATION OF MAGNESIUM
ALLOYS AS A NEW DEGRADABLE BIOMATERIALS
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Corrosion behavior of magnesium alloys is influenced by
chemical composition, microstructure, grain size and heat
treatment. Influence of enviroment on corrosion behavior must
be also taken into consideration because it specifies the use of
magnesium alloys. Magnesium ions are present in large
quantities in the human body and are involved in many
metabolic reactions and biological mechanisms. Biomaterials
based on magnesium alloys compared to conventional metal
biomaterials are more suitable for several reasons: density,
tensile yield strength, young’s modulus and the origin body
elemets. It was found that the standard magnesium alloy AZ31
and AZ91 enhance and improve the process osteogenesis and
newly formed bone have better properties compared to
polymeric biomaterials poly-96L/4D-lactide. Option-specific
degradation of magnesium alloys is causing great potential for
their use as advanced biomaterials.
The rate of degradation of magnesium alloys in the
solutions results from the aggressive behavior of chloride,
sulfate, phosphate and carbonate ions, the chloride ions causes
increased production of soluble magnesium chloride and
simultaneously initiates the dissolution of magnesium. The
magnesium alloys are highly susceptible to selective corrosion
which results from heterogenous crystalline structure, such as
precipitates Mg17Al12. On the surface it forms part of the
traces of corrosion (pits), which may act as stress
concentrators and significantly reduce the fatigue characteristics of the material.

The thermal energy storage systems can operate with
sensible heat storage or latent heat storage. The common way
of thermal energy storage is sensible heat storage. The amount
of stored heat depends on the mass of storage medium,
specific heat and temperature difference during the storage
process. The main advantage of sensible heat storage is the
reversibility and low cost. The storage of heat can be detected
from the change in temperature. As thermal storage medium
can be used solids or liquids.
Phase change materials (PCMs) are latent heat storage
materials. In latent heat storage the thermal energy is stored by
means of a reversible change of a state or a phase change of
the storage medium. Phase change materials are often used for
more effective thermal energy storage. During the common
process of phase change between solid and liquid state is
stored large amounts of thermal energy. The latent heat
storage method provides much higher storage density with a
smaller temperature difference between storing and releasing
heat. When a substance melts, vaporizes and sublimates, heat
is absorbed. Thermal energy is released when the material
solidifies. Organic phase change materials have poorer heat
transfer properties and lower density. In general they are more
expensive than inorganics. Paraffins have lower volumetric
energy density without problems of phase separation and have
good self-nucleating properties. These phase change materials
are compatible with metal or plastic containers.
The most important properties of latent heat storage
medium are capacity and temperature range of phase change.
The correct determination of the properties is essential for
practical use. Paper will be focused on the results from DSC
analyses of different organic phase change materials.

This work was supported by Ministry of Education, Youth and
Sport (project MEB 0810122) and Czech Science Foundation
(grant GA 101/09/P576).
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BUT No. FAST-S-11-60 ”Intelligent passive cooling system
for energy effective buildings”.
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ALLOYS’ SURFACE
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Magnesium alloys are one of the important structural
materials. Problem is that corrosion rate of these materials is
really high. Conversion coatings are one of the most effective
protection against corrosion1.
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Where R, T and P*H2O is universal gas constant, temperature
and relative pressure of water vapour, respectively. The
relative pressure is defined as the dimensionless ratio of partial
a standard pressure of water vapour in the system:

Surface of the magnesium alloys AZ31, AZ61 and AZ91
was treated by phosphate-permanganate and chromate
conversion coatings. Chromating is one of the suitable way of
conversion coating, but it cannot be used because of
carcinogenic Cr(VI). In our case, chromate conversion coating
was taken as standard2.
Magnesium alloy AZ91 contains approximately 9 % of
aluminium, which causes formation of β-phase (Mg17Al12).
This phase is larger in AZ91 than in AZ31 and AZ61. Phase
Mg17Al12 has the highest electrochemical potential, so it
behaves like cathode in magnesium alloys. It seems that the
higher contens of β-phase cause the bigger micro-cells and the
elctrochemical corrosion is more significant.

P

pH O
PH*2O = o2 .
P

(3)

For example relative pressure is equal to 1 for the process that
takes place under atmospheric pressure where ΔrG° = 0.
The free energy of gas phase was calculated as
following:

ΔG = −( R ln PH*2O ) T

Acknowledgments – this work was supported by the project
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CZ.1.05/2.1.00/01.0012 from ERDF.

(4)

.

It’s obvious that ΔG > 0 when pH2O is lower than P° and
ΔG < 0 in the other case.
For given value P*H2O the straight line starts in origin
was obtained. The raster for P*H2O scale was constructed from
these lines. The cross of the line with ΔrG° = f(T) dependence
belongs to the temperature of equilibrium between hydrate,
anhydrous form and water. Hence the diagram can be used for
prediction of thermal stability of hydrates under given value of
relative pressure of water vapour.
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CONSTRUCTION OF ELINGHAM´S DIAGRAM FOR
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The Ellingham’s type diagrams, where is plotted
standard reaction enthalpy (standard reaction Gibbs energy) as
the function of temperature is plotted, are used for
presentation of thermodynamic and thermochemistry data. The
main benefit of diagram is outline drawing of thermodynamic
data in the graphic form even if the accuracy of data read-out
is limited by the raster.
In literature were published Ellingham’s diagrams for the
thermal stability of oxides, sulphides, chlorides...1-3. In this
work the Ellingham’s type diagram for clay minerals and other
hydrates (Figure 1) was constructed for the first time. The
thermodynamic data used for the calculation are listed in
works4,5.
The lines in the diagram are representing the temperature
dependence of standard reaction free enthalpy (ΔrG°) that
belongs to formation of hydrate from anhydrous form and
water:
(1)
Δr G ° = − RT ln K .

Figure 1. The Ellingham’s diagram constructed for thermal
stability of hydrates under different relative pressure of water
vapour.
This paper arose of the research project supported by the
project No. CZ.1.05/2.1.00/01.0012 “Centres for Materials
Research at FCH BUT” supported by operational program
Research and Development for Innovations.
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Reaction equation is written for one mol of water so that:

Δr G° = RT ln PH*2O

(2)
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Barin I.: Thermochemical Data of Pure Substances, Part
II, VCH, 1993. ISBN 3-527-28531-8.

2-P55
HYDROLYSIS OF (UN)SATURATED
N-HETEROCYCLIC CARBENES
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2-P54
SYNTHESIS OF β-SPODUMENE GROG FOR LAS
CERAMICS

Brno University of Technology, Faculty of Chemistry, Institute
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HELENA KREJČOVÁ, PETR PTÁČEK, TOMÁŠ
OPRAVIL, FRANTIŠEK ŠOUKAL and JAROMÍR
HAVLICA

Thermally stable N-heterocyclic carbenes (NHCs) were
synthesized as izolable crystalline solids by Arduengo et al. In
19911. Generally, carbenes are sensitive towards moisture and
thus readily hydrolysable. The computational as well as
experimental study of the reactivity pattern including
hydrolysis of some diaminocarbenes was reported2,3. 1,3-diterc-butylimidazoline-2-ylidene and 1,3-di-terc-butylimidazole-2-ylidene react with an equimolar amount of water to
give respective hydrolysis product; tBu–NCHCH2–
N(CHO)tBu and tBu–NH–CH2CH2–N(CHO)tBu, respectively
in THF2. Hydrolysis of 1,3-bis(2,6-diisopropyl-phenyl)imidazole-2-ylidene leads to ring opening and two isomeric
products are formed3.
In this work, the prediction of the structures of N-tertbutyl-N-[(2E)-2-(tert-butylimino)ethyl]formamide (1), its
tautomer
N-tert-butyl-N-[(Z)-2-(tert-butylamino)ethenyl]formamide (2) and N-tert-butyl-N-[2-(tert-butylamino)ethyl]formamide (3) (Scheme 1.) as possible NHCs hydrolysis
products was performed. All structures were optimized at RHF
and at DFT level with B3LYP, O3LYP and B3PW91
functional.

Brno University of Technology, Centre for material research
CZ.1.05/2.1.00/01.0012, Purkyňova 464/118, Brno 612 00,
Czech Republic
xckrejcovah@fch.vutbr.cz
Ceramic materials based on the Li2O – Al2O3 – SiO2
(LAS) system have low thermal expansion coeficicent,
excelent thermal and chemical durability (with except
influence of H2SO4), high thermal schock resistance and low
dielectric losses. The main crystaline phasese in LAS system
β-eucriptite
(Li2O·Al2O3·2SiO2),
β-spodumene
are
(Li2O·Al2O3 ·2SiO2), virgilite (Li2O·Al2O3·6SiO2) and petalite
(Li2O·Al2O3 ·8SiO2) and β-quartz solid solution with nominal
composition Li2O·Al2O3·(2-10)SiO2. Also lithium silicate,
disilicate and metasilicate are often formed in thermal treated
working mixtures1-3.
Lithic ceramics are prepared from the mixture of kaolin,
quartz and lithium carbonate with molar ratio 1:1:4. Thermal
tretment of material leads to of eucriptite (900 – 1200 °C)
through rection of Li2CO3 with kaolinite. Spodumene phase
was formed by rection of eucriptite with quartz under
temperature at about 1300 °C. The product of calcination that
consists from the solid solution of spodumene, slica and
mullite in next grinded with clay, shaped and fired at ~1250
°C1.
This article was didicated to synthesis of β-spodumene
based grog (opening material) using kaolin, lithium carbonate
and silica sol with particle size from 5 to 20 mn.
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This paper arose of the research project supported by the
project No. CZ.1.05/2.1.00/01.0012 “Centres for Materials
Research at FCH BUT” supported by operational program
Research and Development for Innovations
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Scheme 1. Studied compounds as possible NHCs hydrolysis
product
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Well corelation between experimental and theoretical
data was found out for 3 by using B3PW91/6-31+G(d,p).
From optimized structures 1-3 vibrational frequencies
calculation at RHF and DFT level were performed. All
predictions were computed by using PC GAMESS/Firefly4.
This work was supported by the Ministry of Education of the
Czech Republic under project no. MSM0021630501.
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Holoczki O., Terleczky P., Szieberth D., Mourgas G.,
Gudat D., Nyulaszi: Am. Chem. Soc. 133, 780 (2011).
http://classic.chem.msu.su/gran/gamess/index.html [cit.
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CHARACTERIZATION OF POLY[2-METHOXY-5(3′,7′-DIMETHYLOCTYLOXY)-1,4PHENYLENEVINYLENE] ELECTROPHORETIC
SUSPENSIONS USED FOR THIN FILM DEPOSITION
DANIELA MLADENOVÁ1,2, IVAYLO ZHIVKOV1,2,
IMAD OUZZANE1, MARTIN VALA1,
and MARTIN WEITER1
1
Brno University of Technology, Faculty of Chemistry, Centre
for Materials Research, Purkyňova 118, 612 00 Brno, Czech
Republic, 2Institute of Optical Materials and Technologies
“Acad. J. Malinowski”, Bulgarian Academy of Sciences,
Acad. G. Bonchev Str. bl. 109, 1113 Sofia, Bulgaria
xcmladenova@fch.vutbr.cz

Electrophoretic deposition have been utilized recently
for preparation of thin organic films for the microelectronics1.
The presented work aims to optimize electrophoretic
suspension used for thin organic film deposition.
Electrophoretic suspensions (0,0033 g l-1) were prepared
by precipitation of poly[2-methoxy-5-(3′,7′-dimethylin
octyloxy)-1,4-phenylenevinylene]
toluene
solution
acetonitrile.
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Scheme 1. Typical absorption spectrum measured in the UVVIS region, its first derivative calculated by spline procedure
and the recovered from the derivative spectrum
The influence of the toluene/acetonitrile ratio on the
suspension properties was studied by UV-VIS spectroscopy.
For more detail study the first derivatives of the spectra were
taken. It was found that bellow 30% of acetonitrile content,
the precipitated material is too low to cause film deposition.
Between 40% and 70% the deposition takes place from a
solution/suspension mixture, while over 70% only suspension
phase exists.
This work was supported by South Moravian Region and 7th
Framework Programme for Research and Development (grant
SIGA 885).
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The extracts were filtered through 0,2-mm pore size and
analyzed by the coupling SEC-ICP-MS, using a Micromist
nebulizer online connected to the chromatograph with a PEEK
tubing (0,17 i.d. mm). The retention times corresponding to
the peaks of standards used for SEC-ICP-MS column
calibration are the following: ferritin 12 min, bovine serum
albumin (BSA) 14 min, superoxide dismutase containing Cu
and Zn (Cu,Zn-SOD) 16 min, metallothionein I containing
Cd, Cu and Zn (Cd,Cu,Zn-MT1) 19 min, and reduced glutathione (GSH) 24 min.
The chromatograms of liver and brain extracts from
contaminated and non-contaminated areas differ clearly, a Cupeak with retention time at about 19,6 min was observed
in liver extract with higher intensity in mice collected in ROC
when compared with samples from the non-contaminated
point LDP. This peal can be related with Cu-MT1 that exhibits
very similar retention time. However, the peak Cu and Znpeak at about 32 kDa that can be related with superoxide
dismutases exhibits higher intensities in samples from non
contaminated points. The As, Cd and Pb exhibit similar
chromatograms in liver but the sensitivity of signals are very
low. In brain the intensity of the peaks traced by the different
elements are lower than in liver which can be attributed to the
protective action of the blood brain barrier.

3-KL
METALLOMIC STUDY OF THE FREE-LIVING
MOUSE MUS SPRETUS FOR POLLUTION
ASSESSMENT
JOSÉ LUIS GOMEZ-ARIZA, TAMARA GARCÍABARRERA, MACARENA GONZALEZ-FERNANDEZ,
MIGUEL ANGEL GARCÍA-SEVILLANO and ROCÍO
JARA-BIEDMA,
Department of Chemistry, Faculty of Experimental Science,
University of Huelva; 21007-Huelva, Spain
ariza@uhu.es
The conventional studies of environmental problems are
usually based in the evalutaion of chemical parameters, mainly
the presence of toxic metals, such as Cd, Hg or As, and
organic contaminants such as pesticides, PAHs PCBs and
others. In addition, living organisms have been proposed for a
more unambiguous estimation of environmental concern by
using a number of molecular biomarkers that reflect the effect
of contaminants on cellular metabolism and global homeostasis, these include hundreds of cytochromes P450 (CYPs),
dozens of glutathione-S-transferases (GSTs), heat-shock
proteins and metallothioneins (MTs) that protect organisms
from toxic metals1. Besides, antioxidant enzymes, such as
superoxide dismutases (SODs) and glutathione peroxidases
(GPXs), among others can also be considered.
However, the use of biomarkers requires a deep
knowledge of their toxicity mechanisms and only provides
a biased assessment about the contamination process, since the
biological response is defined by a limited and pre-established
number of metabolites excluding others whose relationship
with pollution is unknown. Therefore, the use of omics can be
a good alternative to alternative to biomarkers in environmental contamination assessment1,2. Metallomics is perhaps
the most recent omic2, in which metals or metalloids present in
many cellular biomolecules are used as markers to track these
molecules in complex biological matrices. These techniques
make extensive use of high sensitivity elemental detectors as
ICP-MS.
A number of bioindicators have been proposed
in environmental omic studies, such as the mouse Mus spretus,
the bivalve Scrobicularia plana and the crayfish Procambarus
clarkii, in which high metabolic activity organs, such as liver
and kidney for mammals and digestive gland for invertebrates,
have been used. Recently, metallomics has been proposed
to evaluate the biological response of free-living mouse Mus
spretus in areas affected by different grade of contamination3.
In the present study the up- and downregulation of
metal-biomolecules under the action of contaminants have
been studied in different áreas of Doñana National Park
(southwest Spain) and surroundings, which are affected by
differential contamination.
Free-living mice (Mus spretus) were captured in Doñana
National Park (DNP), southwest Spain. Contaminated areas:
“La Rocina Stream” (ROC), “El Partido” (PAR), “El Ajoli”
(AJO) and “Matochal” (MAT) affected by inputs from
agricultural and industrial activities were sampled for comparison with the non-contaminated point “Lucio del Palacio”
(LDP) locatd at the center of the park. Adult animals were
sacrified and dissected and cytosolic extract obtained.

This work was supportedby CTM2009-12858-C02-01 from
the Ministerio de Ciencia e Innovación, and the projects P08FQM-03554 and P09-FQM-4659 from Consejería de
Innovación Ciencia y Empresa (Junta de Andalucía).
M.González-Fernández and M. Angel García Sevillano thanks
the Ministerio de Ciencia e Innovación for a predoctoral
scholarship. R. Jara-Biedma thanks to Consejería de
Innovación Ciencia y Empresa (Junta de Andalucía) for a
predoctoral scholarship .
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3-L1
REFLECTION OF UNDERLYING ROCKS IN
CHEMISTRY OF UNDERGROUND AND SURFACE
WATERS

Most soils which formed on the paragneiss substrate are
oligotrophic to oligomesotrophic cambisols. Along the streams
mainly organic gley soils and pseudogley cambisols developed. The higher elevations are marked by podsolization and
by rankers in the places with abundant debris. With increasing
depth there are decreases in Corg, cationic exchange capacity,
and acidity, whereas pH values (H2O) and pH (KCl) increase.
The acidity of surface organic horizons is dominated by the
presence of organic acids derived from the humification
processes of surface horizons. The reserve of exchange cations
(Ca, K, Mg) in the soils is low. Among the main buffering
systems is the dissolution of Al secondary minerals. In soils
with pH values below 5, the role of the exchange of H+ for Ca,
Mg, and K is only minor5,6. On the basis of the determined
values of potential (exchange) pH, the soils can be
characterized as strongly acidic.
The decrease in cations washed from the LIZ forest
catchment into the surface waters indicates a decrease in
acidic atmospheric deposition, which means there is less
intensive rock weathering. The drop in nitrates and sulphates
concentrations also signals that the chemical composition of
surface waters is gradually improving in the area of interest.
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Agriculture, Studentská 13, 370 05 České Budějovice, Czech
Republic, 3Institute of Hydrodynamics ASCR, Pod Patankou
30/5, 166 12 Prague 6, Czech Republic, 4Institute of
Landscape Water Management, Faculty of Civil Engineering,
Brno University of Technology, Žižkova 17, 602 00 Brno,
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The following experimental site will be used to collect
data for the proposed project. The site is involved in ERB (the
Euromediterranean Network of Experimental and Representative Basins) described by Tesař1. All of them are also
involved in GEOMON (Geochemical Monitoring Network),
and have been coordinated by the Czech Geological Survey
since 19942. The long-term monitored experimental watershed, mentioned above and described below, was selected in
order to represent the headwater regions of the Czech
Republic.
Since 1983, the chemistry of underground as well as
atmospheric waters has been regularly observed. The monitoring includes inflows and outflows of substances to and from
the catchment in the form of rainfall, spruce and beech crown
throughfall, stem flow (spruce and beech), deposited precipitation, soil water (suction lysimeters), and undergound water
(drills).
The catchment in question is also remarkable due to the
monitoring of the underground water chemistry and mineralogical and geological analyses carried out in order to clarify
the character and intensity of weathering processes in relation
to underground water chemistry. Complex investigation of the
model catchment also includes the measurement of radon
emanation in all monitored geofactors.
The dominant constituents in the LIZ watershed are as
follows: migmatitized biotitic and sillimanite-biotitic paragneiss (sporadically with white mica and cordierite), often
penetrated by dykes of pegmatite, aplite, and leucocratic
granite, with thicknesses from decimeters to tens of meters3.
The only insole rock present here is quartzite to quartzitic ore
(sporadically with clinopyroxene). Paragneiss rocks are
resistant to weathering and have lower buffering capacity.
What is obvious is the dependence of sorption saturation and
fine-grained soil content. The decisive factor in soil assessment from the viewpoint of mineral environment is soil pH,
which can be classified, considering the type of water
migration environment according to Perelman4, as an acidic
pH = 4,0–6,5 to strongly acidic pH < 4 water environment.
The pH values, which correspond with the degree of buffering
of cationic exchange to the degree of buffering of aluminium,
are considerably affected by a high content of organic
component.

This work was supported by the grant of the Academy of
Science of the Czech Republic No. 6007665806 and research
grant of Ministry of Agriculture of the Czech Republic NAZV
QH 92298.
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3-L2
WATER – PHYTOPLANKTON – FISH TRANSFER
OF SOME HEAVY METALS IN THE DANUBE
AQUATIC ECOSYSTEMS OF THE IRON GATES
NATURAL PARK

River6, Netherlands and with those of a captivity study in
Belgium in 20097. In the case of Aspius aspius and Sander
lucioperca, the metal concentration levels were comparable to
those registered in Věstonice Reservoir8.
This work was supported by the strategic grant
POSDRU/89/1.5/S/58852, Project „Postdoctoral programme
for training scientific researchers” cofinanced by the
European Social Found within the Sectorial Operational
Program Human Resources Development 2007 – 2013
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Located along the Danube River, in the South-Western
part of Romania, the Iron Gates Natural Park hosts valuable
wetland ecosystems and biodiversity resources (more than
1500 plant species and over 5000 animal species).
Due to a history of heavy metals contamination of the
aquatic ecosystems in the region1, the aim of this study was
to quantify the level of some trace elements (Cd, Cu, Pb and
Zn) in fish and aquatic plant species and emphasise a possible
transfer of pollutants from water to living organisms.
In order to achieve the proposed aim, five herbivorous, zooplankton and predatory fish species (i.e. Cyprinus
carpio, Carassius gibelio, Sander lucioperca, Silurus glanis,
and Aspius aspius) and three plant species (i.e. Elodea
canadensis, Ceratophyllum ssp. and Salvinia natans) have
been chosen as indicators of metal contami-nation. For the fish
species, several samples were collected – liver, muscle, gills,
eggs – in order to emphasise a possible organotropism (the
preferential accumulation of a pollutant in a certain organ) of
the analysed elements2, 3.
The results of the study will also be of a high importance
for the local community, as fish is an important resource for
the area, being the main component of the local inhabitants
diet. Comparison of results obtained for lead and cadmium
concentration in fish was performed with the maximum levels
for contaminants in foodstuffs established by the European
Commission4. As essential elements (copper and zinc) are not
stipulated in the document, other regulations were used
as threshold levels5.
Two methods with similar limits of detection, selectivity,
and sensitivity have been use for target analytes determination: Atomic Absorption Spectrometry (AAS) for water
samples and Inductively Coupled Plasma – Optical Emission
Spectrometry (ICP-OES) for biological samples, previously
digested with concentrated acids (HNO3 and HClO4) in an
open system.
Copper and zinc concentration values were usually
situated below the threshold level for human consumption
(20 µg.g-1 and 50 µg.g-1 respectively). Issues related to the fish
consumption risk by humans were generated by the toxic
elements, as several samples exceed the admitted limits
for cadmium and zinc.
The concentration of metals in Cyprinus carpio were
comparable with the results reported in a similar study
performed in 2008 on individuals collected from Grote Nete
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INFLUENCE OF WATER EROSION PROCESSES ON
SEDIMENT AND NUTRIET TRANSPORT FROM
SMALL AGRICULTURAL CATCHMENT AREA
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Erosion processes in watersheds belong to serious
ecological and economical problems because of negative
consequences in terms of soil and water deterioration as well
as on the environment as a whole. The soil particles washed
down by water erosion are the biggest pollution factor due to
the amount and volume. Sediments are the product of a
selective process. In this process smaller and lighter particles
are separated from eroded soil and taken away by water at the
first. This means that the sediments contain a higher amount
of organic, clay and silt particles than the the original soils.
Washed down sediments consist mainly of particles smaller
than 0,05 mm (40 - 90% of mixture).1 Sediments detached by
the erosion bind nutrients (particularly nitrogen and
phosphorus), that can significantly affect the balance of the
aquatic ecology, resulting in eutrophication of lakes and
rivers.
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More studies in Czech Republic have been focused on the
assessment 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 consequence of water erosion. Researches deal with
negative effects of water erosion on soil degradation and
watercourses pollution in different range from small research
area to big river basin area2-4. Advantage of small watercourses (to 10 km2) is relative easiness of exact measurments
of hydrologic and meteorological characteristics in the
environment as well as accurate definability of natural
and anthropic conditions. The most intensive water erosion
in small agricultural watercourses is caused by snow melting
or by local torrential rainfall5. This contribution deals with the
nutrient transport from eroding upland fields by the small
water basin.
The study of nutrient transport assessment in consequence of water erosion has been realized in vicinity of small
catchment in cadastral area Hustopeče situated at the
Starovicky stream in the Sout Moravia region. Experimental
catchment Hustopeče was established on a thalweg of sloped
arable land area of cca 29 ha severaly affected by erosion.
It belongs to very warm and dry region. Soil types consist
mainly from modal chernozem on loess.
The Thomson triangular spillway has been built up on
the thalweg for experimental purposes. This spillway is
equipped by flow and precipitation (S profile) measurement
instruments. Water sampling is ensured by the automatic
sampler integrated on bank upon the spillway. Water from
increasing flow off wave part gradually fills up bottles sorted
above them. Water samples are taken immediately after
extreme precipitation-flow events, when one bottle of automatic sediment sampler is filled at least. Samples are analyzed
for the total undissolved matter content in laboratory.
Excluding precipitation, runoff and water level is
automatically continuously monitored using ultrasonic
soundings and the results are continuously registered in 10 minute step in data logger memory.
Catchment flow off has been registered in 7 episodes
in 2008-2011. Snow melting was the most significant event
for transport of undissolved matter and soil losses on the
beginning of the year 2009. The relationship between the
selected parameters were examined through correlation and
regression methods.
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Perfluorinated compounds (PFCs) belong to one of the
most important groups of “emerging” contaminants. Their
presence in the environment has increased concerns about the
potential health risk to organisms associated with the exposure
to these contaminants especially in foodstuffs. Due to their
unique properties PFCs are used in a variety of applications
(surface treatment, fire-fighting foams, textile industry, paper
wrappers, etc.). Any regulation over PFCs in foodstuffs has
not been published yet. The European Commission has taken
an action and in 2010 published Recommendation
2010/161/EU on the monitoring of perfluoroalkylated substances in food in response to occurrence of PFCs over the world1.
The document recommends to examine three commonly
reported compounds, which are perfluorooctane sulfonate
(PFOS), perfluorooctanesulfonamide (FOSA) and perfluorooctanoic acid (PFOA), together with other perfluorinated
compounds belonging to groups like perfluorocarboxylated
acids (PFCAs), perfluorosulfonic acids (PFSAs), perfluorosulfonamides (FOSAs, FOSEs), perfluorotelomeric alcohols
(FTOH) and polyfluoroalkyl phosphate surfactants (PAPS) in
foodstuffs reflecting consumption habits.
Within this study, fish tissues such as muscle and liver
were monitored for the occurrence of the 23 perfluorinated
compounds. The common fish species traditionally living
in the Czech rivers like bream (Abramis Brama), chub
(Leuciscus cephalus), crucian (Carassius Carassius) and roach
(Rutilus rutilus) were collected from June to August 2010.
The sampling sites Bilina River (1), and the other on the Elbe
River (5) as well as on the Vltava River (3) were distributed
along their streams to cover both non-industrial and industrial
areas. This kind of a large scale study was conducted in the
Czech Republic for the first time. Finally, almost 100 pooled
samples in three categories (i) 100–300g (ii) 300–900 and (iii)
more than 900g were analysed.
The simple and fast analytical procedure for determination PFCs consists of methanol extraction followed by cleanup of a crude extract using activated charcoal coupled to the
LC-MS/MS technique was employed2.
The results found within this study confirmed our
assumption that the lowest concentrations were found in the
non-industrial locality such as Hluboka nad Vltavou on the
Vltava River. From our previous monitoring study, it was
identified as a relatively ʹcleanʹ area as shown in Figure 1.
In our preliminary studies dealing with the occurrence
of PFCs, mainly linear isomer of PFOS (L-PFOS), PFOA and
FOSA in the Czech aquatic ecosystem were monitored. Only
L-PFOS was identified and sometimes also FOSA, but PFOA
was not detected. In contrast to our previous finding in this
survey also PFCAs were measured at relatively high
concentrations mainly those with longer chains C9–C14 was
determined in 100% of examined samples as well as PFOS,

This work was supported by Ministry of Agriculture, grant
No. 0049002702 and by Ministry of Agriculture NAZV, grant
No. QI91C200.
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PFDS (98%) and FOSA. The usually studied PFOA was
detected only in 40% of samples.
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BIOACCUMULATION OF SOME
ORGANOCHLORINE PESTICIDES IN BIOLOGICAL
SAMPLES FROM THE LOWER PRUT FLOODPLAIN
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Figure 1. PFCs concentration in chub muscle from different
localities
Typically, PFOS was found at the highest level reached
up 76 and 312 µg kg-1 of roach from the Bilina River in the
muscle and liver, respectively. In comparison of branched (BrPFOS) with the L-PFOS isomer, the latter one was dominant
which correspond to the composition of technical mixture
(79% of L-PFOS and 21% Br-PFOS). In spite of that, the
composition of them a little varied depending on fish species.
The most abundant PFCAs were perfluorodecanoic
(PFDA) and perfluorododecanoic (PFDoA) acids. In general,
the concentration of ΣPFCAs did not exceed the level 5 and 14
µg/kg in muscle and liver, respectively excluding samples of
chub’ and bream’ tissue collected in the locality Verdek (Elbe
River). In this sampling-site the concentration ranged from
5 to 35 µg kg-1 of C10–C14 in muscle and from 13 to 100
µg kg-1 of C10–C14 in liver.
The potential sources of these chemicals could be the
municipal waste water treatments (WWTPs), waste dumping
sites or the industry located near the streams3. To our
knowledge, there is no chemical industry producing PFCs
in the Czech Republic. On the other hand, it can be assumed
that the use of these compounds as ingredients in various
technological processes might be responsible for documented
emissions.

The concentration of some organochlorine pesticides
(DDT and metabolites – DDE, DDD, HCH isomers – alpha,
beta, gamma, delta) has been studied in biological samples
from the Lower Prut Floodplain Natural Park, a 8,000 ha
protected area established in 2004 along the inferior sector
of the Prut River, prior its junction with the Danbue River1.
Romania is a country with a long history of producing
and use of organochlorine pesticides, the removal of obsolete
pesticides being finished only in 2005, from more than 100
deposits located all over the country2.
The collected samples included mussels (soft tissue), fish
(liver, gills, muscle) and bird eggs (whole eggs and chorioalantoid membranes) and feathers.
Bird eggs and feathers were collected in order to use
a non-invasive approach of the pesticides acumulation in the
bird body, in order to limit the stress on the individual3. Eggs
samples were collected directly from from the nests or its
close vicinity immediatly after hatchling, while feathers were
collected from the nest, captured individuals or nesting spots.
For fish, several body parts were analysed, for a more
accurate assessment of the pollutant concentration in the fish
body, but also for emphasising a possible organotropism
of pollutants4. Mussel species identified in the field and
collected for pollutants determination were Sinanodonta
woodiana and Unio pictorum.
Chemical analyses were performed using Gas-Chromatography with Electron Capture Detector.
Similar to other studies reporting on organochlorine
pesticides presence in Romanian wildlife5-7, pollutants
from the DDT group are the dominant organohalogenated
compounds in the collected samples. Both DDE and DDD
metabolites appear, so DDT degradation takes place following
both aerobic and anaerobic path.
From the HCH group, gamma-HCH had shown
the highest percentage, showing that lindane (with more than
95% of gamma isomer) was used in the field and not technical
HCH (in which the gamma isomer exhibits not more than
12%). The lesser presence of this pesticide, although used
more recently than DDT, might be a consequence of a higher
water solubility, vapor pressure and biodegradability8.
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For the fish samples, gills were found as the most
exposed organ, whilst the muscle samples contained the
lowest pesticides concentration. For the bird samples, differences appear depending on the species feeding habits.

Soil and water samples from seven locations were taken
in October 2010. Three of them were taken from the site of
gold mine (tailing storage pond, water slump and waste
storage area), others were taken from the paddy field and
crops area nearby. The concentration of Cd, Cu, Pb and Mn
was determined using Inductively Coupled Plasma-Optical
Emission Spectroscopy (ICP-OES, Optima 7300 DV,
PerkinElmer). Arsenic was determined by atomic absorption
spectrophotometer with hydride generation technique
(PerkinElmer, AAnalyst 800). Total CN in water was
determined by reaction with chloramine-T at pH < 8 and
pyridine-barbuturic acid. The pH value of water and soil was
also measured during sampling period. Quality control of
analysis was conducted using the ICP-multi-element standard
solution IV CertiPUR® (Merck, Lot.-No.HC760060) as a
spike sample.
Quality control (QC) samples were measured in terms
of percent of recovery. Results indicated that the percent of
recovery in soil and surface water samples spiked with 0,4
ppm of standard solution felt into 80-110 percent, which was
in agreement with Horwitz’s recommendation5

This study was supported by the Romanian Ministry of
Education, Research, Youth and Sport through the PN II
project no. 32111/2008 and the European Commission –
Environment Directorate through the LIFE Nature project
LIFE05/NAT/RO 000155.
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Fifty eight metal prospects including Au in the area of
Loei-Chaenkain, northeastern part of Thailand, were
investigated during the year 1963 to 19661. Ore deposit was a
Cu-Au bearing quartz vein. Average grade of the ore vein was
2-3 g Au ton-1. Open pit gold mine operations in Loei
Province began in 2006. Soon after, questions from local
people about the possibility chemical leakage from gold mine
processing arised. Due to possible deterioration of the
environment near the mine, where there is a lot of agricultural
land and rice fields, monitoring of metals concentration and
concentration of other chemicals used in gold mining and
processing in the vicinity of the mine is needed. The biggest
problem is posed by heavy metals (Cd, Cu, Pb, As, Mn) and
cyanides2-4. Therefore, objectives of this study were to
evaluate and to assess concentration of heavy metals (As, Cd,
Cu, Mn, Pb) and CN- in water and soil derived from mining
activity, and to investigate the soil-water relationship in terms
of availability of metals in the vicinity of gold mine.
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Fig. 1. Relationship of metal concentration in soil and in
water
The highest concentrations of metals and CN in surface
water from the vicinity mine area were 11,2; 129,3; 7385,7;
30,9; 20,2 and 21,36 µg l-1 for Cd, Cu, Mn, Pb, As, and total
CN, respectively. In soil samples, the highest measured
concentrations were 1627,3; 241,4; 7385,8; 30,9 and 8,31
µg kg-1 for Cd, Cu, Mn, Pb, and As, respectively. The pH of
water samples varied in the range of 7,1-8,4. Copper and total
CN concentrations in tailing storage pond were 2,379 and
11,942 µg l-1 respectively. The Cd, Cu and As concentrations
s955

Chem. Listy 105, s871 – s1072 (2011)

Environmental Chemistry & Technology – Oral Presentations

in tailing storage pond soil were 6644; 454 and 538 µg kg-1,
respectively.
Relationship between concentrations of metal in soil and
in water is shown in Figure 1. For total CN, relationship of
concentration in water and pH of water was plotted. The
obtained results revealed that the concentration of heavy
metals in water had a positive correlation with those in soil.
Correlation coefficients of Pb and Mn were among high
statistically significant as R2 equals 1. However, Cd, Cu and
As correlation coefficients were not statistically significant as
well as total CN concentration and pH.
Results from this study will be used to further
investigation regarding to possible application of alternative
technologies of soil and water treatment and to sustainable
environmental management.

to changes in Land Use through the Land consolidation and
watershed conservation management. The case study area
Hubenov water resource dam was selected as a case study
mainly for its natural conditions and high risk of soil erosion
and sediment transport. Relief, geomorphology, the present
state of the complex system of soil properties, the types
of agricultural farming practices and land use, are all
contributing to accelerated soil erosion with all its negative
impacts on the environment. Apart from soil degradation and
related decrease in soil fertility, water erosion causes further
adverse effects. One of these effects is water pollution due to
released and transported substances. Some soil particles are
deposited at the slope base but most of them are transported
with the water to the hydrographic network where they form
the major part of sediment runoff (bed load). The sedimentary
load causes silting in natural as well as artificial watercourses
and reservoirs. Chemical substances (especially nutrients)
linked to soil particles penetrate into surface water resources,
representing a considerable threat to water resources use.
The sources of these substances are commercial fertilizers and
pesticides. A high content of nitrogen together with phosphorus from nonpoint pollution cause eutrophication and
decrease water quality of water reservoirs, which impairs their
use for water resource including some other functions. The
determina-tion of the soil amount transported to the watercourse was carried out on the basis of the assumption of equal
sedimentation. To some extent, this assumption means a
simplified view. A significant part of the catchment area is
suitable for the accumulation of water and serves as protection
zone of a drinking water reservoir. This dam is a source of
drinking water for the city Jihlava and other settlements. This
makes it very important to find appropriate solutions for the
prevention of the soil degradation in the selected case study
area. The best decision was watershed conservation management through the process of Land Consolidation. In the case
study area of Hubenov water resource dam the following longterm measures are applied by farmers: conversion of arable
land to grassland (whole fields or waterways), creation of field
banks and field roads when reshaping the field size and
patterns, grass infiltration and buffer strips. The important
from point of view of water quality were restrictions on the
max. amount of N and P - fertilisation. The total amount
applied should not exceed the equivalent of 170 kg N/ha. This
rule is part of the prepared Action Plan. The same applies to
phosphorus. This rule is applied regularly in the case study
area. Protection measures such as restrictions on the maximum
amount of manure, N and P fertilisation were applied in the
case study area according to a special project based on
detailed inputs of data using parametric methods. The soil
loss is determined according to the method on the basis of
DME (digital model of elevation) with the use of USLE 2D
program and LS algorithm by McCool1.
Monitoring from 1986-2010 for Hubenov Dam Water
resource was established to continue collection water quality
data (N-NH4, N-NO3 and total P). Monitoring provide a
longer time frame overview by which to evaluate water quality
changes in the water resources. The relationship between the
selected parameters was examined through correlation and
regression methods. Results from these monitoring studies
indicate significand decreasing linear trend of N-NH4, N-NO3
and total P concentration since good soil and water conservation during the process of the Land consolidation (started
1993 and finished 1995).
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The aims of this study is to explore the relationship
between the soil and water conservation through the process
of Land Consolidation and changes in concentration (N-NH4,
N-NO3 and total P) in surface waters of Maršovský stream as
a tributary of Hubenov water resource dam. The Maršovský
stream catchment (hydrological rank number 4-16-01-028)
is located in Bohemian-Moravian highlands, close to the
Jihlava city. The catchment area is 22,3 km2. The goal was
to find out how nutrient concentration has responded
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Nowadays, the use of plastics, flame retardants and several products to fight pests has led to expansion in the nature
organohalogen compounds with high toxicity and persistence
in the environment. Because of the importance of the presence
of halogenated organic compounds in environmental samples
and food, new analytical procedures for a sensitive, accurate
and reproducible determination are mandatory.
The use of extraction techniques for organic pollutants
based on HF-LPME for biological, environmental and food1-3
samples has became the method of choice in a great number of
works due to the significant advantages offered by this technique. We propose a new approach for hollow fiber membrane
which is simple, inexpensive and accurate for the determination of organohalogenated contaminants in water. The new
system has been applied successfully to the determination of
40 different POP’s including pesticides, PCB's and PBDE's.
The proposed methodology has been optimised using a
central composite design of the parameters that significantly
affect the extraction efficiency. The combination of the
response of all the analytes has been simultaneously optimised
using a novelty chemometric appraisal. The optimisation
allows the efficient extraction of all the analytes in about 37
minutes.
The detection limits obtained are in the range of ng.l-1,
recoveries around 100% and the enrichment factors are very
high in comparison with other published studies. Important
analytical features as quality and accuracy reach with the
propossed analytical method a % RSD less than 17% for all
analytes.
The approach is very simple and can be used for routine
analysis of POPs in food and biological samples.

Is known that selenium and mercury have several interactions and some seleno-compounds inhibit toxic effects of
mercury compounds1-4. For this reason it is necesary to
develop new methodologies that allows the simultaneous
determination of these compounds in samples with environmental or health significance in which this species are presents
at very low concentrations.
In the present study a new speciation method based on
the use of hollow fiber for preconcentration and HPLC-ICPMS for analysis has been developed for Se (IV) and MeHg+
mixtures.
For this purpose Se (IV) was derivatized with o-phenylenediamine to form the corresponding piazoselenol to promote the preconcentration of this specie in the non-aqueous
solvent present inside the hollow fiber5. The preconcentracion
was carried out using a liquid-liquid extraction by U-shape
hollow fiber configuration with a syringe connected to both
ends. Finally, the separation of the species was carried out
using two different mobile phases through a C18 column and
detected with ICP-MS with hidrogen as collision gas for 40Ar2
interference suppression.
The extraction efficiency of the compounds under study
was satisfactory matching or improving those present in
the literature for similar applications. The application of the
procedure to the analysis of natural waters provides
satisfactory results.
The authors thank the Spanish “Ministerio de
Innovación” project CTM2009-12858-C02-01
projects P08-FQM-03554 and P09-FQM-4659
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Oxidative stress is an imbalance between oxidants
occurrence in organism and its antioxidant defense. Oxidants
which include a reactive oxygen species (ROS), reactive
nitrogen species (RNS) and free radicals are capable of inflicting injury on membrane lipids, proteins and nucleic acids
mutation. They are involved in carcinogenesis, inflammation
and degenerative diseases. Oxidative stress is also apparent in
pathology associated with aging process 1,2.
Direct determination of oxidants is difficult, because
these molecules are short-lived and highly reactive. Therefore
the oxidative stress is assessed by determination of secondary
products like malondialdehyde, 4-hydroxynonenal or isoprostanes. Isoprostanes are group of prostaglandin-like compounds that are formed via non-enzymatic radical oxidation of
polyunsaturated fatty acids with at least four double bonds.
One group that is formed following the auto-oxidation of arachidonic acid (Scheme 1) (F2-iPs) consists of four classes of
prostaglandin F2α isomers (PGF2α)3. As a stable endproducts
they are widely accepted as reliable markers of oxidative
stress in biological samples such as urine, plasma, exhaled
breath condensate or tissues (brain, liver, etc.)4.
There are many types of instruments for monitoring the
markers of oxidative stress. One of the most useful methods is
determination of isoprostanes by HPLC with tandem mass
spectrometric detection (HPLC-MS/MS).

This study deals with the oxidative stress assessment of
salmon eggs. M74 yolk-sac fry mortality syndrome in Baltic
salmon is a result of combined environmental load of anthropogenic substances like organochlorine pollutants and their
metabolites1. These compounds cause depletion of antioxidant
defence which result in the presence of oxidative stress. The
eggs of M74-offspring-producing females have lower astaxanthin levels and more oxidized fatty acids than eggs of
females producing healthy offspring2.
Freshly laid eggs, eyed embryos and non-viable eggs
were used to test a more general hypothesis that egg viability
can be affected by susceptibility to oxidative stress, either
through the specific fatty acid concentration and/or the
antioxidant capacity of the eggs.
The antioxidant defence is determined as the level of
astaxanthin (Scheme 1) using the HPLC with UV detection at
474 nm. The GC/MS was used for the determination of fatty
acid concentration in fish eggs samples after their methylesterification.
Higher content of PUFAs was observed in non-viable
fish eggs than in eyed embryos. However, no significant
difference of astaxanthin levels was found between those two
samples. Arachidonic acid, PUFA from which prostaglandin
F2α isomers are formed via non-enzymatic radical mechanism,
was found in all samples. The highest level of arachidonic acid
was observed at freshly laid salmon eggs.
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Constructed wetlands are very complex systems, which
are used for wastewater treatment, especially for domestic and
municipal wastewater. Recently, increasing interest in the
application of those systems for industrial and agricultural
wastewater has been observed1. Constructed wetlands have
been extensively monitored with focus on removal of organics, suspended solids, nutrients and microorganisms, whereas
knowledge about the metals removal is still quite limited2.
Only few studies on the accumulation of heavy metals in
plants of constructed wetlands have been completed3.
Information about the seasonal dynamics of heavy metals in
the vegetation in constructed wetlands is entirely missing2.
The aim of this work is to evaluate the seasonal dynamics of heavy metals in the biomass of Phragmites australis
and Phalaris arundinacea in constructed wetlands. The plant
biomass from the appropriate constructed wetlands will be
harvested bimonthly and analyzed for heavy metals using the
ICP-OES. In order to evaluate accumulation factors, also
concentrations of monitored elements will be evaluated in the
wastewater. The result should identify the period of maximum
accumulation (standing stock) of different metals in the
biomass and consequently the optimal time for vegetation
harvesting in order to achieve maximum removal when heavy
metals are the treatment target. This knowledge will contribute
to more effective removal of heavy metals from wastewater.

Presented study builds on actual issue of the presence of
pharmaceuticals in environmental compartments and on the
necessity to apply new sufficient sensitive analytical methods
for their determination. The presence and increasing concentrations of pharmaceuticals in the environment have been
observed during last decades. The most heavily loaded environmental compartment is the aquatic one due to continuous
discharge of these compounds into sewer system and their
insufficient elimination during cleaning processes in wastewater treatment plants.1 Pharmaceuticals are pollutants, which
do not exhibit acute toxicity for water organisms, but their
continuous release into water may cause chronic adverse
effects on these organisms. Due to this potential threat it is
necessary to control their presence in aquatic environment.
Therefore, there is a need of reliable analytical methods for
easy determination of these compounds. One of the most
common extraction method for extraction of many compounds
from water is solid phase extraction (SPE)2,3.
This study is focused on the development of SPE-based
method for extraction of selected acidic drug residues from
water environment. Target drugs have been chosen from the
group of non-steroidal anti-inflammatory drugs: salicylic acid,
diclofenac, ibuprofen, ketoprofen, naproxen and acetaminophen. Optimisation of the SPE method covered effeciency of
extraction, depending of pH and volume of loaded sample and
volume of elution solvent. In addition, this study presents
application of capillary zone electrophoresis as a very suitable
analytical method for final analysis of these residues.
Experiments in the range of this study cover experimental
development of these methods for their possible use not only
for determination of selected drug residues, but also for
determination of other similar compounds from real samples
of water.

This work is supported by project from the Internal Grant
Agency 2011 of the Faculty of Environmental Sciences, Czech
University of Life Sciences Prague.
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This article is focused on the estimation of soil
contamination by heavy metals in urban area of Brno. Samples
were collected in five periods from October 2009 to January
2011, to represent different seasons and were made provision
for their impact on the concentration of heavy metals in
examined soil. At the time locations were chosen so that it can
reach to compare also with resent collected results. These
thirty-five locations represent different level of metal contamination, starting with busy traffic area, where the concentration
of means was high continuing to areas located around habitation or parks, where present of heavy metals almost doesn’t
suppose. Given locations was placed in urban area of Brno to
represent various distances from centre of the town up to his
surrounding.
The soil samples were treated by method quartation and
grain size 2 mm for analytical determination of heavy metals
in soil. These samples were extracted by the help extraction
surfactant nitric acid with concentration 2 mol dm-3. This
process proceeds in time duration 16 hours at laboratory
temperature and continual shaking1.
So prepared solution contained several form of heavy
metals. In period from October 2009 to March 2010 total
amounts of copper, cadmium, mercury and lead were determined. In other period from October 2010 to January 2011 the
same elements were established but also with nickel and zinc.
The all of samples were, measured pH, because it is one of the
important factors which influence mobility of heavy metals
and their bioavailability.
The concentration of copper and lead were measured by
flame atomic absorption spectroscopy (F-AAS, SpectrAA 30),
and concentrations of cadmium were determined by electrothermal atomic absorption spectroscopy (ET-AAS, AAS
ZEEnit 60). The Advanced Mercury Analyzer (AMA 254)
was used for the determination of mercury.
The results were compared not only with limits given by
decree no. 13/1994 of the Ministry of the Environment, but
also with data were provided by the Agency for Nature
Conservation and Landscape Protection of the Czech Republic.

Topsoil samples (1-10 cm) and plants growing on them
were collected from four areas in Baia Mare city and surroundings (three polluted areas and one reference area) and several
metals (Cu, Zn, Pb, Cd, Ni, Cr, Co, Mn, Sn) were analyzed by
inductively coupled plasma atomic absorption spectrometry.
Baia Mare city is well known for its anthropogenic historical
pollution of the soil due to the mining and metallurgical
activities1.
The pollution load index (PLI) was calculated as the nth
root of the product of the n CF2: PLI = (FC1 x FC2 x ….. x
FCn)1/n, where n is the number of samples, and CF is the
contamination factor expressed as the ratio obtained by
dividing the concentration of each metal in the soil by the
baseline or background value (background values are the content of metals in soil from a reference area).
The soil to plants transfer factors (TF) for the
investigated metals were calculated and discussed in order to
assess the “true” pollution level of the soil according to the
possibility of metals entrance in the food chain. Soil to plant
transfer of metals is the major way of human exposure to soil
contamination3. TF values ranged between 0,1 for Pb and
16,466 for Cd. Average TF for each metal calculated for all
the sampling locations in Baia Mare city decrease following
the sequence: Cd > Ni > Sn > Cr ≅ Zn ≅ Mn > Co ≅ Cu > Pb.
Similar results were obtained in several researches4, 5.
Multivariate analysis, such as cluster analysis were
conducted to classify metals of different sources. The statistical analysis of data was carried out using the software packages Statgraphics.
The present works were supported by the Romanian Ministry
of Education and Research, within the PNCDI II Program
(grant no. 52157/2008). We grateful thank for the financial
support.
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Tin has a large number of its organoderivatives in commercial use. The occurence of organotins in the environment
has increased in recent decades because of the antropogenic
activities. The bioavailability and toxicity of these organocompounds, in addition to their mobility and their environmental impact, is highly dependent on their chemical form1-3.
Due to wide industrial applications, amounts of the
organotins have entered various ecosystems. Among commercially used compounds are mono-, di-, tri- and tetraorganotin
compounds, where the organic group is represented by methyl,
buthyl, octyl, cyklohexyl or phenyl. Methyltin compounds can
be produced in the environment by biomethylation of inorganic tin and may thus occur naturally. Monoorganotin
compounds are in use as stabilizers of polyvinyl chloride
(PVC) and for glass treatment. Diorganotin compounds are
also used as PVC and polyurethane foams stabilizers and as
catalysts for esterification. Triorganostannic compounds are
applied as pesticides, fertilizers, wood preservatives and as an
antifouling paint. Tetraorganotin compounds are used to
prepare the substituted compounds, which are mentioned
above. Using triorganotin compounds in anti-fouling paints
has been restricted by the law (Organotins antifouling paints
Control Act, 16 June 1988), which limited the types of ships
on which these paints can be used2,4,5.
Preferred analytical technique for the determination of
organotin compounds is gas chromatography (GC) due to its
high potential for a classification and detection flexibility.
First of all, the organostannic compounds are extracted from
samples using the suitable reagent, these adapted organostannic compounds are then transferred by derivatization into
volatile form and only then they can be separated and detected
using GC with a flame photometric detector (FPD), atomic
absorption spectrometry (AAS) and mass spectrometry (MS)
and also by many other types of separation and detection2-4,6.

Various bio-indicators of animal or vegetable origin are
used for the assessment of the environmental contamination.
In thist study, the wild boar was chosen for the monitoring of
organohalogen compounds based xenobiotics.
Limits of some contaminants have not been set for wild
boar, and the samples of wild boar are assessed according to
the limits set for the pork. Nevertheless, if the total number of
wild boars caught in the Czech Republic in 2008 - 2009, the
average weight caught pieces of 25 kg and carcass yield of 50
– 60 % are taken into consideration it could be concluded that
the consumption of the wild game meat is relatively high.
The district health facility staff collected the samples of
wild boars in the territory of Central Bohemia. The target
substances were isolated from the matrix by petrolether
extraction. The extract was further purified by column
chromatography, final cleansing of the extract was made by
acid hydrolysis. The determination of the selected analytes
was realized using gas chromatography with electron capture
detection. The results gave us basic information about the wild
boar contamination by organohalogen pollutants.
PCB #28 and PBDE #153 were the most often detected
congeners of PCBs and PBDEs; PCB #101, PCB #180, PBDE
#100 and PBDE 99 were found with lower frequency. Other
congeners were detected in one or two samples only. The
highest PCB load was found in the samples from the locality
of MS Chýňava, where six PCB and two PBDE congeners
were detected (PCB #28, PCB #52, PCB #153, PCB #180,
PBDE #47, PBDE #153). The highest levels were found in the
sample originated from Brno, where the PCB #28
concentration was 2,25 ng g-1 and that of PCB #101 was 3,38
ng g-1.
This work was supported by the institution research plan No.
FCH-S-11-3 from the Ministry of Education, Youth and Sports
of the Czech Republic.
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DECONTAMINATION OF SOIL POLLUTED BY
PETROLEUM WASTES
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BARTLOVÁ
Research institute for fodder crops Ltd., Zahradní 400/1,
Troubsko, Czech Republic
In the years 2008 – 2010 phytoremedial effects of petroleum contaminated soils on two different localities was
studied. Two-phase decontamination based on utilisation of
compost with rich microbial activity and subsequent growing
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of non-traditional crops (sweet clover and fodder mallow)
with high dry matter production was used for decontamination
of polluted soils. It was found that the use of compost and
testing crops has greatly accelerated the degradation of nonpolar extractable substances in the soil.
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The analytical interest in microamounts of platinum
group metals (PGMs) was awoken by massive introduction of
automobile catalytic converters, containing especially Pt, Pd
and Rh for elimination of toxic species of ignition motor
exhaust gases. PGMs may have toxic properties, such as
nefrotoxicity, genotoxicity, gastrointestinal and allergic irritation as well as anticancer activity or cytostatic influence of
some platinum (II) complexes and their presence in the environment represents danger for human health. For this
purposes, use in automobile industry and in anti-tumor
medicine, increasing Pt and Pd concentrations have been
found in various objects of environment. In spite of that, traces
of PGM are still available in the environment, in comparison
to common metals. For these facts the preconcentration and
separation of PGMs is often necessary prior to their
determination by ICP-OES. Octadecyl silica1,2, octyl silica,
phenyl silica, cyanoethyl silica, aminopropyl silica, silica,
were tested for the separation and preconcentration of 1 - 20
μg in 50 - 1000 cm3 sample volume of Pt(IV, II), Pd(II),
Ir(IV), Rh(III), Os(VI), Ru(IV) in the form of ion associates of
their chloroorbromo complexes with [1-(ethoxycarbonyl)
pentadecyl]trimethylammonium bromide (Septonex®), benzyl-(dodecyl)dimethylammonium bromide (Sterinol®), trimethyl (tetradecyl)-ammonium bromide and hexadecyl
(trimethyl) ammonium chloride3 from 0,1 mol dm-3 HCl or 0,1
mol dm-3 HBr. A 100% recovery for Pd(II) and Pt(IV) was
obtained with octadecylsilicas Separon™ SGX C18,
Separon™ SGX RPS and Separon™ SGX Phenyl™ silica in
the presence of 0,006 mol dm-3 Septonex® or 0,003 mol dm-3
Sterinol®. The retained PGMs were eluted with acetonitrile
and determined by inductively coupled plasma atomic emission spectrometry (ICP-AES) after evaporation of organic
solvent in the presence of 0,1 mol dm-3 HCl. The enrichment
factor reached 100. A 1000:1 excess of Cl-, NO3-, SO42-, Na+,
K+, Ca2+, Mg2+, Fe3+ or Al3+ did not interfere. The behaviour
of these sorbents was compared with that of a silica-based
anion exchanger Separon™ SGX AX and macroporous
sorbents Amberlite™ XAD2 and Amberlite™ XAD4 in the
presence of 0,1 mol.dm-3 HCl and 0,006 mol dm-3 Septonex®.
In this way, the recovery of 0,1 – 0,2 μg cm-3 Pd(II) and
Pt(IV) was successfully tested with spiked matrices of soil
extracts, power station dust samples and natural waters.
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This paper shows the common research activity of the
team of Chemical Engineers from the Institute of Materials
Chemistry and the Institute of Chemistry and Technology of
Environmental protection, Faculty of Chemistry, Brno University of Technology, Czech Republic. The research activity is
oriented to the absorption process and development of pilotplant absorption scrubber prototype ZK 400.
The most important part of the absorption scrubber is
spray tower, where contact between gas and liquid phase takes
place. Scrubber is equipped with pH electrode, conductance
electrode, pressure sensor. Function of gas scrubber was tested
with absorption of carbon dioxide to the deionized water.
Commercial sparklets were source of the carbon dioxide and
the gas was of the food quality. For one meassurement were
used app. 24 g (three spraklets) and 20 litres of destiled water
as the absorbent. Used CO2 had been circulated in gas loop for
20 minutes, for better distribution of the gas and after that,
circulating gas were sent to the spray tower. The conductance
of the solution was under the detection limits of the electrode,
so the only constantly monitored physical property of the
solution was pH.
The CO2 gas electrode was used for analysis of carbon
dioxide absorbed in the water samples and obtained data were
evaluated with method of calibration curve. The 0,1 M stock
solution of NaHCO3 was used for preparation of calibration
solutions. Citrate buffer solution was used as well. Citrate
buffer was added to the calibration solutions and samples, for
the acquirement of lower pH values of the solution.
Absorption was measured through different temperatures, cause the unfinished thermostatic device. The only
way how to reach stabilization of temperature was to stabilize
temperature in whole laboratory room.
The poster presents CO2 concentrations of both the gas
and luquid phases. The given hydrodynamics condition in the
pilot-plant scrubber tower are presented too.
This work was supported by the institution research plan No.
FCH-S-11-3 from the Ministry of Education, Youth and Sports
of Czech Republic.
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This paper filling the knowledge obtained in research
work which is aimed to determine the effect of phosphorus
sorption through a filter material in the filtration process of
mechanically purified sewage wastewater, respectively, water
with a precisely defined quantity of total phosphorus.
Target of the investigations is a comparison of sorption
characteristics and the possibility of using the current filter
environments (river gravel, crushed gravel, sand, waterworks
sand)1 and non-traditional filtering materials (crushed blast
furnace slag and cinders, sand saturated KMnO4) in the
process of sorption of phosphorus. Results of laboratory
measurements used to calibrate the mathematical model, the
sorption characteristics are calculated by HYDRUS 2D software.

A
20
ET
B
,
U
N
,
D 15
K
st
n
e
ic
i
ff
e 10
o
C

5

This study is focused on application of analytical method
for analysis of selected drug residues from wastewaters and
surface waters. Target compounds were acidic drugs mainly
from the group of non-steroidal anti-inflammatory drugs
(salicylic acid, acetylsalicylic acid, clofibric acid, ibuprofen,
acetaminophen, kofein, naproxen, mefenamic acid, ketoprofen, diclofenac). Pharmaceuticals have become very controlled environmental contaminants in recent years, due to
their increasing concentration in environmental components. It
is mainly caused by their high produce and everyday consumption. It is proved, that these substances are not completely
eliminated in organism and about of 80 % are eliminated in
unchanged form and discharged into sewer system with feces1.
So they enter wastewater treatment plant (WWTP), where they
are only partly removed during the cleaning processes.
Therefore they can be found in effluent of WWTP and so they
are discharged into surface water2,3, where they can cause
adverse effects on non-target water organisms4. Due to this
case, there is a need to apply new and sufficient sensitive
analytical methods, which can detect presence of contaminants
even in very low concentrations.
Analytical method used in this study includes solid phase
extraction (SPE), derivatization by MSTFA (N-methyl-N(trimethylsilyl)trifluoroacetamide) and final analysis by orthogonal comprehensive two-dimensional gas chromatography
with mass spectrometric detection Time-of-Flight (GCxGCTOF MS). This instrumental analytical method offers much
higher separation efficiency and sensitivity compared with
liquid chromatography or conventional gas chromatography.
Therefore it is very suitable for trace and ultra-trace analysis
of organic compounds such as pharmaceutical residues. In
addition, mass spectrometric detection with electron ionization
enables reliable identification of separated compounds on the
base of library searches.
Detection limits of presented method varied from 0,18 to
5 ng l-1, depending on the specific compound. The method was
successfully applied for the determination of presence and
concentration of selected drug residues in Svratka River and in
wastewater from WWTP in Brno – Modřice. Concentrations
of drug residues ranged from units to tens of ng l-1 for river
water and from units to tens of μg l-1 for wastewaters.
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Sakadevan, K., Bavor, H. J., in the book: Phosphate
adsorption characteristics of soil, slags and zeolite to be
used as substrates in constructed wetlands systems, p.
393-399. Elsevier Science Ltd., No.2, Great Britain 1998.

Slag

Figure 1. Sorption characteristics obtained from a mathematical model
Theoretical processing sorption properties problems of
filter materials and findings from research on the sorption of
phosphorus filter waste water from the environment shows
that the use of appropriate filter materials containing an iron
compounds, steady load and filter dont load the environment,
it is possible to achieve a significant reduction of phosphorus
in the effluent cleaned waste water. The results of the research
can be fully used in combination with a suitable mathematical
tool for designing the optimal soil (earth) filters, to assess the
effect of cleaning of soil in filtration wastewater, assessing
accidental releases, etc.
This work was supported by MPO ČR, grant TIP No.
FR-TI3/778
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3-P17
METHOD OF SEQUENTIAL EXTRACTION OF
HEAVY METALS FROM SOLID ENERGETIC WASTE
PRODUCTS

This work was supported by the institution research plans
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The physical and chemical properties of industrial waste
product, in general, are quite variable, as they are influenced
by coal source, particle size, and type of coal burning process
and degrese of weathering. Water extracts from fly ash are
commonly alkaline and contain excessive amounts of dissolved solids. Leachability of heavy metals presents a hazard for
natural waters. Since many trace elements existing in fly ash
can leach out and groundwater resources, the study of them
has been regarded in recent years as important in connection
with protection of the environment1-3.
In the study a sequential extraction method was applied
for Cd, Cd, Cu and Hg in accordance with the scheme
proposed by the Tessier. Five steps of extraction with different
extraction agents were carried out at temperatures 25°C and
40°C. The samples were collected from four heating plants
and with two different types of combustion apparatus.
The concentration of metals were determined by flame
atomic absorption spectroscopy (F-AAS, SpectrAA 30), by
electrothermal atomic absorption spectroscopy (ET-AAS,
AAS ZEEnit 60). The Advanced Mercury Analyzer (AMA
254) was used for the determination of mercury.
The determined concentration of metals from sequential
extraction at various temprerature were identified to different
fractions, it means metals in exchangeable fraction, exchangeable fraction and associated with carbonated phases, reducible
fraction or fraction associated with Fe and Mn oxides or
hydroxides, oxidisable fraction or bound to organic matter and
residual fraction and results also confirmed influence of temperature of extraction.

3-P16
CHROMIUM REMOVAL FROM WATER BY
SYNTHETIC GOETHITE
LENKA OROSZOVÁ, MIROSLAVA VÁCLAVÍKOVÁ
and KATARÍNA ŠTEFUŠOVÁ
Institute of Geotechnics, Slovak Academy of Sciences,
Watsonova 45, 043 53 Košice, Slovakia
vaclavik@saske.sk
Synthetic goethite α-FeOOH was studied as potential
sorbent for the removal of chromium from model aqueous
solutions. The pure goethite was prepared from an FeII system,
involving oxidative hydrolysis of FeII solutions. As various Fe
oxides may be produced by this method, careful control of
factors such as the rate of oxidation, pH and the nature of the
anion present is necessary to ensure formation of pure
goethite. The material was characterized by chemical analysis
as well as X-ray diffraction, electron microscopy, specific
surface measurements. Specific surface area of sorbent was 54
m2 g-1 and magnetic susceptibility was 435×10-6 u. SI.
Chromium removal from aqueous solutions was investigated
using batch adsorption-equilibrium experiments. Initial Cr
concentration was 50 mg.l-1 and the sorbent concentration was
2 g l-1. The experiments were carried out at ambient temperature (23 ± 1˚C). The effect of pH, ionic strength and initial
chromium concentration were investigated. Experi-mental
data were modeled using Freundlich equation and adsorption
parameters (K, b, R2) were determined. The sorp-tion capacity
of goethite has been about 25 mg of Cr per g of sorbent.

This work was supported by the institution research plan No.
FCH-S-11-3 from the Ministry of Education, Youth and Sports
of Czech Republic.
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3-P18
SPATIAL DISTRIBUTION OF METALS IN TOP SOILS
AND CONTAMINATION ASSESSMENT METHODS

3-P19
MODIFIED DIGESTION METHOD OF TOTAL
PHOSPHORUS DETERMINATION IN RIVER
SEDIMENTS
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A digestion method of total phosphorus determination in
river sediments has been modified, verified and compared
with three generally used methods. Real sediment samples
were used for the phosphorus analyses. They were collected in
the upper part of Bílá Opava River and in small watercourses
in the Brno suburban area, Czech Republic.
Principle of the digestion method is based on Hach
method for solids1, the parameters of which have been
changed to suite the purpose of decomposition of river
sediments. Organic matter is decomposed by sulphuric acid
and hydrogen peroxide at the temperature of 440 °C.
The compared methods include heating and effects of
strong acids or alkalis. In the first of them, the sediment is
mineralized by sulphuric acid. The sample solution is then
neutralized by ammonium hydroxide2 (2,4-dinitrophenol indicator). The second method involves sediment calcination and
subsequent hydrochloric acid extraction3. The third method is
based on sodium carbonate fusion4 followed by reaction with
sulphuric acid; the sample is neutralized by sodium hydroxide
(p-nitrophenol indicator).
The released phosphates have been determined spectrophotometrically by the phosphomolybdenum blue method in
the last analytical step of each method.
Mineralization by sulphuric acid has given lower results
than both fusion and digestion methods. Calcination method
has given zero values. Method of sodium carbonate fusion,
which is supposed to be very efficient, and modified digestion
method have given comparable results. Thus, the modified
digestion method, which is simple and fast, has proved to be
suitable for total phosphorus determination in river sediments.

In urban and industrial areas, chemical pollution sources
are numerous. Diffuse metal contamination of soils is caused
mainly by atmospheric fallout from various sources, the most
important being industrial and traffic emissions. For human
and ecological risk assessment, a growing body of evidence
has shown the necessity of determining the spatial distribution
of pollutants.
This environmental study is focused on the distribution
of heavy metals in the top soils of selected localities. The
samples were from various localities of Moravia and Slovakia.
The criterium for samplings was different industrial, traffic
and agricultural situation and supposed different metal contamination of top soils.
The concentration of metals were determined by flame
atomic absorption spectroscopy (F-AAS, SpectrAA 30), by
electrothermal atomic absorption spectroscopy (ET-AAS,
ZEEnit 60). The Advanced Mercury Analyzer (AMA 254)
was used for the determination of mercury.
To assess the level of contamination indexes such as the
pollution index (PI), integrated pollution index (IPI), contamination factor (Cf) and the degree of contamination (Cdeg)
were calculated to assessing the contamination level of heavy
metals in top soils.
This work was supported by the institution research plan No.
FCH-S-11-3 from the Ministry of Education, Youth and Sports
of Czech Republic.
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3-P21
COMPARISON OF BIOLOGICAL RESPONSE OF THE
CLAM SCROBICULARIA PLANA FROM DIFFERENT
ENVIRONMENTAL AREAS BY SEC-UV-ICP-MS

3-P20
EFFECT OF TEMPERATURE ON TREATMENT
OF HUMIC WATER BY DIFFERENT COAGULANTS
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Coagulation is used in drinking water treatment to destabilize and subsequently to remove colloidal particles and
dissolved organic substances. The most widely used coagulants are aluminium and iron salts, however the use of natural
organic coagulants, such as chitosan, may be an interesting
alternative.1
Chitosan is a linear cationic polymer of high molecular
weight obtained by deacetylation of chitin. Most of amine
groups of chitosan in acidic solution are protonated and they
can destabilize particles with negative surface charge that are
present in water (e. g. humic substances).2
Many chemical and physical factors, such as coagulant
dosage, pH, natural organic matter (NOM), turbidity or temperature, affect coagulation processes in water treatment practice. It is commonly found that metal coagulants perform less
effectively at low temperatures.3-5
The paper presents results of coagulation experiments
studying the influence of temperature upon aggregation in
treatment of humic water by different coagulants. While coagulation with aluminium or iron sulpate was negatively influenced by low temperature, results with chitosan and prepolymerised aluminium coagulants Flokor were hardly affe-cted
by low temperature. Separation efficiency by chitosan is comparable with metal coagulants. Small influence of low water
temperature is a positive feature for water treatment practice.

The study of environmental issues is generally performed by the use of bioindicators that reflect the biological
response to the presence of contaminants. Mamals1 and
invertebrates2 have frequently proposed for this aim. Conventional biomarkers have been used for this purpose but they require a deep knowledge about the toxicological mechanisms
involved in the release of substance. For this reason the omics
are now the new tool to evaluate the global biological response to contamination.
Metallomics is the most recent omic focused in the
study of metal-binding biomolecules using instrumental couplings, generally based on SEC-ICP-MS and organic mass
spectrometry. In the present study we apply this approach to
compare the biological response of Scrobicularia plana
collected from polluted and non-polluted areas from the southwest of Spain and Portugal.
Digestive gland of the clam was extracted to obtain the
cytosolic fraction by cryogenic homogenization followed by
treatment with 20 mM ammonium acetate solution at pH 7,2;
1 mM GSH to avoid the formation of disulfide groups and
1 mM PMSF (phenyl-methanesulfonylfluoride) for proteases
inhibition3.
Chromatographic profiles of the extracts denote the
presence of low molecular mass Cu and Zn molecules about
300 Da that can be related to the Cu- and Zn-glutathiones and
As metabolites such as arsenobetaine and arsenocholine. The
response of Cu-biomolecules are higher in Cadiz area against
Portugal zone while Zn-biomolecules present a opposite behaviour. In several samples have been observed the presence of a
remarkable Cu-peak of about 67 kDa.

This work was supported by MŠMT ČR, grant No. 21583.
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3-P22
SPECIATION OF ARSENIC METABOLITES IN THE
FREE-LIVING MOUSE MUS SPRETUS FROM
DOÑANA NATIONAL PARK USED AS
BIOINDICATOR FOR ENVIRONMENTAL
POLLUTION MONITORING

3-P23
NOVEL APPROACHES TO ANALYSIS OF
3-CHLOROPROPANE-1,2-DIOL DIESTERS IN PALM
OIL EMPLOYING LIQUID CHROMATOGRAPHY–
MASS SPECTROMETRY AND DIRECT ANALYSIS IN
REAL TIME–MASS SPECTROMETRY
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The 3-chloropropane-1,2-diol (3-MCPD) is a well
known contaminant in various food such as acid hydrolyzed
vegetable protein (HVB), soy sauce, various food ingredients
and bakery products1. 3-MCPD esters were recently detected
in a wide range of foodstuffs, especially in refined vegetable
oils and products made of refined vegetable oils. The highest
levels of these emerging processing contaminants were found
in hydrogenated fats, palm oil and solid frying fats, at concentration levels largely exceeding those of free 3-MCPD2.
Esters of 3-MCPD with higher fatty acids are formed at high
temperatures during the refining process of edible oils and
fats, mainly during the deodorization step. It is still unknown
whether 3-MCPD esters have the same toxic effect as free
3-MCPD. One reason is that the bioavaibility of 3-MCPD
esters have not been completely elucidated. The 3-MCPD
esters have been put by the European Food Safety Authority
(EFSA) on the priority list for the health risk assessment
process. Until recently, the limiting factor in obtaining more
comprehensive data on MCPD esters was their difficult determination.
In the present study, development and validation of two
alternative MS-based high-throughput approaches to analysis
of individual 3-MCPD diesters are described. The new method
is capable to replace the established, time consuming procedure based on hydrolytic step followed derivatization of
released 3-MCPD for gas chromatographic (GC) analysis by
simple straight forward procedure3. The target analytes isolated from edible oil samples by fast silica gel column chromatography were determined with the use of ultrahigh pressure
LC coupled to a high-resolution ExactiveTM Orbitrap mass
spectrometer. Additionally, the potential of a novel ambient
pressure desorption ionization technique, direct analysis in
real time (DART), for both qualitative and quantitative analysis of these processing contaminants was explored.

The use of free-living organisms in environmental pollution assessment is a useful approach because biological responses can be more unequivocal information than direct
analysis of contaminant to assess pollution of a given ecosystem. Mus spretus from Doñana National Park (SW Spain)
has been used for this purpose1. This free-living organism has
not been yet genetically sequenced although exhibits a clear
genetic homology with the typical laboratory sequenced
mouse Mus musculus. Doñana Natural Park is one of the most
important European biological reserves but it is subject to
ecological pressures, due to the input from adjacent agriculture, minig and industrial activities. Arsenic is commonly
found in several chemical forms whose toxicity, environmental mobility and accumulation in living organism usually
depend on the form in which the element is present. Thus,
inorganic forms of arsenic are more toxic, while methylated
forms are considered only moderately toxic and non-toxic as
AsB, AsC and other arsenosugars.
Several organs from Mus spretus have been studied but
the highest concentration of arsenic has been found in the
kidneys. The metallo-metabolites profiles in kidney from Mus
spretus have been probed using SEC with ICP-ORS-MS
detection. The results show the presence of LMW molecules
linked to arsenic in these tissues with differents intensities in
the differents areas, which can be related to environmental
stress caused by contamination. These fractions has been
collected and has been analyzed using AEC-ICP-ORS-MS.
Characterization of these fractions by organic mass spectrometry such as HPLC-ESI-MS have been performed in relation
to environmental issues.
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3-P24
ANALYSIS OF TAR GENERATED FROM BURNING
BIOMASS
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SYNTHETIC AROMATIC SUBSTANCES IN
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In the last 15 years, the intensive progress was achieved
in area of biomass gasification. This fact is based on general
social interest to obtain energy from renewable sources. The
technologies of gasification are more effective than classical
combustion, they have lower emissions and primarily, it could
be realized smaller local units with lower power of congeneration. Until recently, the research of waste gasification was
only insignificant matter. Mostly, it was used only as a
substitute of natural gas in the lime and cement kilns where
the fill of kiln is used for the combustion products treatment.
By thermal gasification, combustible components are
formed but also many other undesirable compounds mainly
polycyclic aromatic hydrocarsons, sulphur componuds and
chlorine compounds are formed. This components cause the
problems during gas application in congeneration units. But
they could cause also potential risks during possible breakdown because many compounds have carcinogenic and toxic
effects.
In this work, the methods were optimalized for the
analysis of tar which is formed during gasification. In obtained
samples it was determined volatile organic componds (BTEX)
using gas chromatography with flame ionization detector
(FID). 1 ml of tar sample was clean up and was transfered into
isooctan. Than the polycyclic aromatic hydrocarbons (PAHs)
were analysed. It was used gas chromatography with mass
detection (GC/TOF-MS). The last analysing group were nalkanes C10 – C32 (FID). The highest concentrations were set
for low molecular PAHs – naphthalene, anthracene, acenaphthylene and acenaphthene. Further, it was identified more than
30 compounds.

Synthetic fragrances are artificially synthetized organic
compounds which are used as fragrant substances in assorted
personal care products, perfumes, cosmetics, soaps, detergents, cleansing articles, etc. so-called musk compounds create significant group of synthetic fragrances which are distinguished by specific fragrance reminiscent of musk. Recently great attention is devoted to musk compounds because
they were found in different environmental compartments,
especially in aquatic ecosystem. Due to their persistence and
their ability of bioaccumulation they can negatively influence
the water biota.
The aim of this study was the determination of selected
linear musk compounds produced and used by the Czech
company Aroma Praha, Ltd. (arocet, aroflorone, linalool 925,
lilial, isoamyl salicylate) in real samples of waste water
in the influent and effluent from the municipal waste water
treatment plant Brno-Modřice. At first optimization of selected method was performed and then this method was used for
the determination of target analytes. Head-Space Solid Phase
Microextraction (HS-SPME) was used as the method of isolation and preconcentration, gas chromatography with mass
spectrometric detection was used for final analysis. The results
were used for the evaluation of the linear musk compounds
removal efficiency during the cleaning process.
The only compound which was found in all analysed
samples was lilial; its concentrations varied between 0,017 –
0,065 ng ml-1. The presence of Arocet wasn’t proved in any of
analysed samples, aroflorone and isoamylacetate levels were
bellow LOQ. Linalool 925 was found only in 3 samples. The
removal efficiency during the water cleaning process for all
target compounds was very good – above 99% with one exception which was lilial with removal efficiency between 79 –
96 %.

This work was supported by MŠMT ČR, grant No. FCH/FSI-S
S-11-1.
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MONITORING OF PRESENCE OF SELECTED
HEAVY METALS IN WELL WATERS
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The aim of this study was the spectrophotometric
determination of trivalent chromium with chromazurol S
(CAS), eriochromcyanine R (ECR), 4-(2-thiazolylazo) resorcinol (TAR) and its comparison with the determination of total
chromium as Cr(III) by atomic absorption spectrometry with
electrothermal atomization.
The reactions of Cr(III) with spectrophotometric agents
are catalytically hindered by the previous existence of inert
cationt [Cr(H2O)6]3+ and all reactions are initialized by longer
increased temperature only.
Most suitable agent is chromazurol S. This determination
is provided at pH 3,5 in presence of hydrazin dihydrochloride
as reducing agent after heating for 40 minutes at 95 °C. The
stechiometry of formed complex (λmax = 575 nm) under these
conditions was Cr(III):CAS = 1:2.
Conditions of the spectrophotometric determination
Cr(III) with eriochromcyanine R, are similar, at pH 4,2 – 4,8.
But absorbance of the agent and Cr(III)complex (λmax =
550 nm) are rather unstable in time.
The determination with 4-(2-thiazolylazo)resorcinol is
provided at pH 5 in presence of 5% dimethylformamide at
545 nm. Since nitrate interferences, in this case chloride medium must allways be used. Under these conditions the Cr(III)(TAR)2 complex is rather formed.
The Fe2+, Fe3+, Al3+, Na+, H2PO4-, and HCO3- ions
interfere all spectrophotometric determinations of Cr(III).
Sensitivities and various kinds of detection limits were
evaluated. The most sensitive reaction with the highest value
of molar absorption coefficient and the lowest detection limits
of studied spectrophotometric methods, provides the determination with chrom-azurol S.
The ET-AAS determination of total chromium as Cr(III)
has been provided at 357,9 nm in a graphite cuvette with
platform and Zeeman correction of background in the presence of the same reductant without modifier with charring and
atomization temperature 900 °C and 2300 °C. The Fe2+, Fe3+,
Cl- and Na+ ions could also interfere the determination.
Concentration of Cr(III) was succesfully determined in
various kinds of real waters and both the ET-AAS and spectrophotometric determination with chromazurol S were compared.

The toxic metals in drinking water present one of the
main health risks for human. The goal of this research was to
monitor the presence of selected metals (Pb, Cu, Zn, Mn, Fe)
in well waters in the region of Rimavská Sobota. During the
six periods of 2009 (20-24 May, 5-10 June, 3-7 August, 7-10
September, 4-7 November and 8-12 December) water samples
from 10 wells in various villages (Uzovská Panica, Figa,
Radnovce, Chrámec, Husiná, Horné Zahorany, Bátka, Hačava
- Skálie, Hňúsťa and Tisovec) were taken and analyzed.
Iron was determined photometrically, Pb, Zn and Cu
were determined by atomic absorption spectrometry. Most of
the samples from the wells of the selected areas of Rimavská
Sobota region met the requirements for the quality of drinking
water. The Pb concentration in the collected samples was
mainly < 3,0 µg l-1). Copper concentration did not exceed 100
μg l-1 in most of collected samples. The exceptions were found
in the well water collected in September and November from
the well in Bátka. Above-limit values of iron were detected in
water from wells in Uzovská Panica, Figa, Chrámec and
Tisovec. Slightly elevated concentrations of manganese were
detected in water from wells in Uzovská Panica and Tisovec.
We did not observe regular seasonal incidence of the elements
in the well waters.
This work was supported by APVV LPP-0125-07 and UGA
grant VII/29/2009.
3-P28
RESPONSE OF SOYBEAN ROOTS TO IONS OF
CADMIUM AND ARSENIC
PATRIK MÉSZÁROS1, BEÁTA PIRŠELOVÁ1
and ILDIKÓ MATUŠÍKOVÁ2
1

The Constantine Philosopher University, Department of
Genetic and Botany, Nábrežie mládeže 91, 949 74, Nitra,
Slovakia, 2Institute of Plant Genetics and Biotechnology,
Slovak Academy of Sciences, P.O. Box 39A, 950 07 Nitra,
Slovakia.
bpirselova@ukf.sk
Heavy metals are serious contaminants of the environment with negative impact on living organisms including
plants. Plants are considered as one of enter points of heavy
metals into the food chain. Heavy metals contaminated plants
thus endanger animals and humans.
A set of soybean (Glycine max L.) genotypes, that are
grown in Slovakia (cvs. Cordoba, Essor, Merlin a Kent),
Ukraine (cvs. Chernyatka, Ustya, Kyivska 98, Vorskla) and
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Hungary (cvs. Evans a Boróka), were screened for sensitivity
and tolerance to ions of cadmium and arsenic (both at concentrations of 5 mg l-1).
Based on measurements of root growth two genotypes
with contrasting sensitivity to heavy metal exposure were selected: the most sensitive Kyivska 98 and the relatively tolerant
Chernyatka. In both genotypes a significantly enhanced rate of
lipid peroxidation was observed, indicating membrane damage
as the consequence of applied stress. Protein extracts from the
roots of tested plants were separated on polyacrylamide gels.
The subsequent staining for chitinase activities revealed genotype specific chitinase accumulation as a component of plant
defense against the heavy metal stress. The involvement of
detected chitinase isoforms in metal tolerance and sensitivity
is evident and requires further investigations in future.

3-P30
EVALUATION OF BIOAVAILABILITY OF TOXIC
METALS IN AQUATIC SYSTEM BY USING PASSIVE
SAMPLERS CHEMCATCHER
MICHAELA ŠEBKOVÁ and JOSEF ČÁSLAVSKÝ
Brno University of Technology,Faculty of
Purkyňova 118, Brno 612 00, Czech Republic
xcsebkova@fch.vutbr.cz

Chemistry,

The issue of monitoring of aquatic ecosystem contamination by toxic metals is actual till now. Although there are
efforts to reduce the technical use of toxic metals and to lower
the production of waste with their contents, however, these
substances are present in all environmental compartments, and
in some areas they are found in very high concentrations till
now. Toxic metals represent a potential danger to aquatic
organisms. They can adsorb on solid particles in aquatic
environment, depending on temperature, pH value and content
of humic substances. Due this process only part of the present
toxic metal is available for the organisms 1, 2.
The methods of spot sampling and biomonitoring are
used to assess the contamination of aquatic system by toxic
metals. The later method is based on the collection of
appropriate plants and animals living in the area of interest
and offers information about bioavailability of target analytes.
The use of passive samplers is a suitable alternative to
biomonitoring. Passive sampler uptakes only substances truly
dissolved in water which usually corresponds to their
bioavailable fraction. Another advantage of passive samplers
is the fact that they are able to reflect the fluctuations of
concentrations of monitored metals during exposition
period 2,3.
Chemcatcher sampler is the type of the passive sampler
suitable for determination of the metals bioavailability in
water. The sampler is composed of the body made from
Teflon and the receiving phase covered by the diffusion
membrane. According to the monitored analytes the suitable
combination of the receiving phase and the diffusion
membrane is chosen. For toxic metals chelating Empore disc
as a receiving phase and cellulose acetate or polyethersulphone diffusion membrane are generally chosen 2-4.

This work was supported by projects VEGA 2/0062/11 and
UGA VII/26/2011.
3-P29
RESPONSE OF SOYBEAN ROOTS TO CADMIUM,
NITROGEN STRESS AND THEIR COMBINATIONS
YIEVGENIIA GOLOVATIUK1, PATRIK MÉSZÁROS2,
BEÁTA PIRŠELOVÁ2 and ILDIKÓ MATUŠÍKOVÁ3
1

Institute of Biology of Taras Shevchenko Kyiv National
University, Department of Plant Physiology and Ecology
Volodymyrska Str. 64, 01033 Kyiv, Ukraine, 2The Constantine
PhilosopherUniversity, Department of Genetic and Botany,
Nábrežie mládeže 91, 949 74, Nitra, 3Institute of Plant
Genetics and Biotechnology, Slovak Academy of Sciences,
P.O. Box 39A, 950 07 Nitra, Slovak Republic,
bpirselova@ukf.sk
In environment polluted with heavy metals plants
represent an entry point to the food chain and by this way they
are endangering the consuming organisms by metal intoxication. The metal uptake by plant is affected by nutrient
availability. In this work we show that relatively low doses
(1,2 mM) of nitrogen in the growth media slightly increased,
while high doses (24 mM) of nitrogen significantly suppressed
the uptake of cadmium (applied as 50 µM Cd2+) by roots.
Despite of that, both of the high nitrogen concentration and
exposure to Cd resulted in stunted root growth with most
detrimental effect after the combination of these stressors. To
clarify the occurring defense strategy in roots, total proteins
were separated on polyacrylamide gels and subsequently
stained for activities of chitinase enzymes, generally involved
in plant stress against pathogens. We found that activities of
certain isoforms that typically increased during Cd exposure,
again dropped when high, but not low doses of nitrogen were
also applied. Activity of certain chitinase isoforms indicates to
a complex plant defense strategy under the exposure to a combination of metal and nitrogen stress.

This work was supported by MŠMT ČR, grant No.
FCH-S-11-3.
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3-P31
DETERMINATION OF POLYBROMINATED
DIPHENYLETHERS AND PERFLUORINATED
COMPOUNDS IN SOIL AND MATRICE FROM
FIREPLACES

3-P32
EVALUATION OF CONTENT OF PCB AND PBDE
IN PLANT BIOINDICATORS
ILONA VONDRÁČKOVÁ 1, MILADA VÁVROVÁ1,2,
LUDMILA MRAVCOVÁ1 and BOHUSLAVA
TREMLOVÁ2
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Contamination in the environment is usually assessed on
the basic of plant and animal bioindicators. Plant bioindicators
include needles of coniferous plants and moss. Needles of
coniferous plants and moss belong to a group of "detectors"
i.e. naturally occurring species that react not only to changes
in the environment.
Moss can be found almost everywhere: from the coast of
Arctic seas through tropical zones to Antarctica. Conifers are
wooden trees or shrubs that usually live many years. Moss and
needles are recommended as bioindicators to monitor the
levels of persistent organic pollutants (POPs). POPs released
in the environment, can be transported by air or water into
remote regions far from the original source of contamination.
In addition, POPs show high stability in all components of the
environment. They enter the air from various industrial sources such as power stations, heating plants, incineration plants
and also from local domestic fireplaces, etc. Air-borne POPs
may occur as vapour or may bind to the surface of solid dust
particles.
Our study particularly focused on PCBs and PBDEs
which belong to a group of pollutants that spread easily into
the environment by means of remote transport. The levels of
PCBs and PBDEs in plant bioindicators (needles of coniferous
plants, moss) were determined using gas chromatography
combined with an electron capture detector. The main aim of
this study was to find out whether the selected bioindicators
are suitable to assess the level of environmental contamination
with PCBs and PBDEs. The highest levels of PCBs were
found in the Norway spruce (Picea abies). PCB-28 congener
was the most frequently detected congener, but congeners
PCB 153, 138 and 180 being also detected. Polybrominated
diphenyl ethers were not detected using the method chosen.
The selected type of a bioindicator was not therefore found
suitable to determine the level of environmental contamination
with PBDE.

Polybrominated diphenyl ethers belong among the
persistent compounds, which have been classified as priority
organic pollutants. In environmental compartments are
observed in the past decade. Polybrominated diphenyl ethers
are detected in abiotic and biotic matrices. For these studies
were chosen the matrices from seats of fire, taken in various
localities of the Czech Republic and Slovakia. Their analysis
should demonstrate whether they in these specific matrices
remain. There were examined following polybrominated
diphenyl ether congeners: BDE- 28, 47, 99, 100, 153, 154,
183. For their isolation from the matrix were used there
different extraction techniques, namely ultrasonic extraction,
microwave extraction and pressurized solvent extraction. For
the determination was chosen method of GC/ECD. In these
studies are also described basic chemical, physical and
environmental properities of diphenyl ethers in environmental
compartments.
The other theoretical part of these studies consists of
current matters regarding the presence of perfluorinated
organic compounds in living environmental elements. The
attention has been focused on perfluorooctanoic acid (PFOA),
(PFOS) and (FOSA). Physical-chemical characteristics of
these organic pollutants and their toxicological and environmental aspects have been described. The experimental part has
explored effects of extraction techniques (sonication, pressurized solvent extraction, solid-phase extraction) used for PFAS
separation from seats of fire soil sample. Identification of the
analytes has been achieved by liquid chromatography/mass
spectrometry.
This work was supported by the Ministry of Education, Youth
and Sports of the Czech Republic under the research project
FCH – S – 11 – 3 (30%) and MSM 6215712402 (70 %).

This work was supported by the Ministry of Education, Youth
and Sports of the Czech Republic under the research project
MSM 6215712402.
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involved in cleaning, and note that further research in this area
is needed.
The research results can be used to determine the
appropriate composition of wetland vegetation for optimal
function of wetlands for water purification dump. They will be
designed wetlands with such artificial vegetation composition
to promote cleaning function and contribute to the restoration
and rehabilitation of the country.

3-P33
DUMP WATER QUALITY AND WETLAND
VEGETATION STRUCTURE
JIŘINA TICHÁČKOVÁ and JAN VYMAZAL
Department of Landscape Ecology, Czech University of Life
Sciences Prague, Kamýcká 129, 165 21, Praha
jirina.tichackova@email.cz
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Fossil fuels - coal, oil and gas are even today among
the most important source of energy used by human society.
Anthropogenic activities associated with their mining
adversely affect the natural ecosystems on our planet. Efforts
to recover these damaged ecosystems to their original form
must be in accordance with the principles of their natural
functioning.
The area is located in Karlovy Vary region, west of the
Sokolov Down in the Sokolov brown Coal Basin. Surface
mining includes the complete removal of vegetation cover and
the surface mines significantly change the water cycle on the
landscape (transfer a large number of streams, drainage of
large areas and last but not least, a significant decline in
groundwater levels). The total area of Sokolov Brown Coal
Basin is approximately 219 km2 with the landscape area by
directly affected by extraction being nearly 89 km2.
An excavated overburden creates mining dumps. Water
runoff from the mine dumps has a specific composition, the
vast majority of the water is acidic. Dump waters are a very
serious problem, because due to their chemical composition
they can greatly affect the quality of surface water, into which
they discharge1,2. The principle of acid drainage water is very
well known. The water quality is affected by oxidation of
pyrite in the presence of oxygen, giving rise to dissolved iron,
sulfate and acidity. Seepage from mine dumps can be a source
of acidic water for decades3.
Conventional methods of treatment of acid mine water
and seepage from waste dumps are mostly represented by
continuous addition of expensive chemicals such as lime or
sodium hydroxide to produce a bulky sludge with low solids
about 5%. Natural or artificial wetlands have been used for
treatment of acidic mine water and seepage from the dumps
since the 1980s. The results fom many systems have revealed
that wetland systems are a suitable alternative to the currently
used technologies based mainly on the chemical cleaning4-6.
The advantage of wetland systems is their low cost and low
operating costs without using the electricity7.
Information about the importance of plants in wetlands
for the treatment of mine and dump water are very scarce,
however the results so far have suggest that the uptake of iron,
manganese and aluminum by plants forms only a very small
proportion of these metals, which enter the wetland8-9.
Sheoran10 reported that the effectiveness of different wetland
vegetation may vary, and it is likely that the choice of plants
can affect the cleaning efficiency. This study10 also reported
that a selection of plants for the wetlands used for treatment of
mine water and dump has not been given due to the limited
informaion avaible.
Ziemkiewicz et al.11 reported that 82 of the 83 studied
artificial wetlands for the treatment of acid mine water in the
eastern United States showed a positive effect. At the same
time, however, point to the specifics of individual systems that
do not allow unambiguous determination of the parameters

3-P34
SIMULTANEOUS DETERMINATION OF METAL
TRACES BY ICP-MS IN ENVIRONMENTAL WATERS
USING SPE PRECONCENTRATION ON DIFFERENT
POLYMERIC SORBENTS
ZUZANA HOLUBOVÁ and LUMÍR SOMMER
Brno University of Technology, Faculty of Chemsitry, Institute
of Chemistry and Technology of Environmental Protection,
Purkyňova 118, 612 00 Brno (Czech Republic)
xcholubova@fch.vutbr.cz
Direct determination of extremely low concentrations of
trace elements by modern spectroscopic methods is often
difficult. Limitations are associated not only with insufficient
sensitivity of analytical equipments, but especially with matrix
interference. For this reason, preconcentration and separation
of trace elements from matrix are required. This study has
been conducted for the determination of nine trace elements
(Be, V, Co, Ni, Y, Cd, Pb, Th and U) by inductively coupled
plasma mass spectrometry (ICP-MS) in natural waters and
water samples after mining and processing of uranium.
An ICP-MS spectrometer Agilent 7500ce, with a plasma
generator of 27.12 MHz, power output 1500 W and concentric
nebulizer MicroMist™ with a cooled Scott chamber was used.
The nonspectral interferences were eliminated by using a
solution of internal standards 6Li for 9Be, 45Sc (51V), 72Ge
(59Co, 60Ni, 89Y), 103Rh (111Cd), 209Bi (206Pb, 207Pb, 208Pb,
232
Th). The spectral interferences were eliminated by using a
Helium collision cell during measurement. Monitored
interfering elements were K+, Na+, Fe3+, Ca2+, Mg2+, Al3+,
HCO3-.
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completely removed. Their further negative impact on the
ecosystem cannot therefore be excluded3,4.
Sulphonamide antibiotics were isolated from sample of
river sediment by three different methods: ultrasonic
extraction (USE), pressurized solvent extraction (PSE)
and microwave-assisted extraction techniques (MAE). These
three methods were compared and the most suitable method
was found. Samples were concentrated and cleaned using
solid phase extraction (SPE). For determination these
antibiotics high performance liquid chromatography with
diode array detector (HPLC–DAD) was used.
The highest recoveries for all analytes were achieved
by using PSE method with methanol as an extraction solvent.
The most suitable conditions for PSE extraction are
following: pressure 60 bar; temperature 40 °C; 2 cycle time;
7 min static time; 20 s purge time and 2 min nitrogen drying,
when the drug recoveries were in a range of 65 – 85 %
depending on the drug. The recoveries by using MAE
method and methanol as an extraction solvent were in a
range 40 – 65 %. When we used acetonitrile as an extraction
solvent the recoveries dropped under 50 %. The lowest
recoveries were achieved by using USE method, when the
recoveries of all studied drugs with using methanol or
acetonitril as an extraction solvent were under 50 %.

For the preconcentration non-polar sorbents based on
polymeric sorbents (copolymers of styren-divinylbenzen,
especially XAD-16 and XAD-1180) were used. Elements
were retained as their chelates with different organic reagents
- 4-(2-pyridylazo) resorcinol (PAR) (I), Alizarine S (II), 8Hydroxyquinoline-5-sulphonic acid (8HQS) (III) and
Ammonium pyrrolidinedithiocarbamate (APDC) (IV).
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This work was supported by the Ministry of Education, Youth
and Sports of the Czech Republic under the research project
FCH–S–11–3.

The sorption process was studied under various
conditions. The influence of pH is very important, because of
the formation of metal chelates and their interaction with the
sorbent. Sorbents were also conditioned with different
surfactants: Benzyldimethyltetradecylammonium chloride
(Zephyramine), 1-ethoxycarbonyl-pentadecyltrimethyl-ammonium bromide (Septonex®), Brij 35 or Sodium Dodecylsulphate (SDS).
Various elution mixtures were also tested, the best
results were obtained for the mixture of acetone and ethanol
(1:1) in the presence of 1 mol l-1 HCl. The excess of acid and
organic solvents were evaporated in Teflon® dishes prior to
the determination by ICP-MS.
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3-P36
APPLICATION OF VOLATILE COMPOUNDS
DISTRIBUTION FOR THE ASSESSMENT OF THE
CZECH BEER AUTHENTICITY
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SUITABILITY OF EXTRACTION METHODS FOR
DETERMINATION OF DRUG RESIDUES IN THE
RIVER SEDIMENT
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The Czech beer occupies privileged position at the world
market due to its unique and unmistakable taste, which is
result both of the quality of raw materials used for brewing
and also the know-how of Czech brewers. The final product –
finished beer – is from chemical point of view very
complicated mixture of various compounds differing in their
nature, chemical properties and taste effects, present in very
different concentrations.
The main goal of this study was the evaluation of the
possibility of Czech beer authenticity evaluation on the base of
distribution of volatile compounds. For this purpose it is
necessary in the first step to tune up suitable analytical

In this study, three different methods for extraction of
drug residues from river sediments were tested. Sulphonamide antibiotics, which belong to a group of pharmaceuticals widely used in human and veterinary medicine1,2,
were selected as target compounds. They are discharged to
the sewer systems together with the urine and faeces and
enter to the wastewater treatment plant, where they are not
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procedure, as simple as possible, in the second step to analyse
representative set of beer of Czech origin as well as imported
brands and finally to evaluate the obtained dataset in order to
find similarities in the beers of Czech production and their
significant differences from the foreign products.
Solid Phase Microextraction (SPME) was the method of
choice as simple, effective and fast method of isolation of
volatile compounds from beer. Headspace sampling set-up
was used; the removal of dissolved CO2 which lowers the
partial pressures of volatile compounds in the headspace was
achieved by alkalization of the liquid phase - beer - by
potassium hydroxide. Several fibers with various collecting
phases were tested; temperature and time of sorption were
optimized as well as the salting-out effect. Gas chromatography/mass spectrometry (GC/MS) and orthogonal comprehensive gas chromatography with fast TOF-based mass
spectrometry (GCxGC-TOF MS) were used as final analytical
methods. Using this analytical procedure set of beer of various
origin has been analysed; obtained data are still under evaluation.

instrument is equipped with the IR spectral library containing
several thousands of entries (3200 or more1). The experimental spectrum is compared with the library and the list of
hits is presented on the instruments display together with
appropriate spectra.
The possibilities of this instrument were checked up on
the set of unknown compounds which were gathered by fire
rescue brigade unit in the cellar of a basic school (69
compounds of various origin – inorganic as well as organic)
and by other specially prepared binary and ternary mixtures of
liquids and solids. The obtained results proved that the
identification of individual compounds is usually succesful,
but in the case of mixtures the results are much worse.
This work was supported by the Ministry of Education, Youth
and Sports of the Czech Republic under the research project
FC- S-11-3.
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Sediments of lotic and lentic water could be a source of
inorganic and organic material in which significant conversion
of cyclic organic compounds, and basic elements exists. On
the other hand they can be a reservoir of a number of contaminants, which can enter the aquatic ecosystem. Sediments
can hereby affect not only the aquatic ecosystem, but also the
terrestrial system in the case that they will be used as fertilizer
or as a material for the recultivation. The last possibility is to
depone the sediment as waste material. In Europe hazardous
wastes are classified by 14 criteria including ecotoxicity
(H14). Appropriate ecotoxicity tests are used in accordance
with valid Czech legislation to predict the ecotoxicity and the
environmental impact of various matrices.
The aim of our study was the ecotoxicological testing of
samples originating from differently contaminated water ecosystem in South Moravia. In bioassays following testing
organisms were used: water crustaceans Daphnia magna and
Artemia Salina, representative aquatic plants Lemna minor
and seeds of terrestrial plant Sinapis alba. The values of
24hLC50 and 48hEC50 obtained for Artemia salina and
Daphnia magna and 168hIC50 and 72hIC50 values gained for
Lemna minor and Sinapis alba are the basic data for the
ecotoxicological assessment of the sediments and for their
classification following the Czech legislation.
Results of our study indicated that ecotoxicity of all
tested sediments for all testing organisms were negligible.
Values of calculated LC(EC, IC)50 were ≤ 10 ml l-1 which is
limit value for declaration of ecotoxicity properties. It is

This contribution describes the first pieces of experience
gained during the evaluation of newly purchased mobile
Raman spectrometer Ahura First Defender for the support of
Fire Brigades Units in our country. The main goal of this
instrument is the fast on-place identification of unknown
compounds. This new instrument was subjected to thorough
evaluation with the aim to evaluate the possibilities, to specify
the advantages and manly to find weaknesses and limitations
of this instrument before its introduction to regular service.
The instrument First Defender (mass 1,85 kg) is based
on the principle of Raman spectrometry. The excitation laser
diode power is up to 300 mW at a wavelength of 785 ± 0,5 nm
(red light), working range is 250 – 2875 cm-1. Instrument is
able to scan spectra either in original packing (in case it is
transparent for visible light – glass, PET bottles, plastic bags)
or in 4 ml glass vials placed in measuring holder of the
instrument. Spectra of spilled liquids could be obtained
directly by measuring from the distance of several centimeters
from the surface; the same method is applicable for solid
substances. The instrument automatically controls the time of
scanning in order to achieve necessary quality of obtained
spectrum. For the identification of unknown compound the
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tested substances decreased in the following order: IPA saltGly, nonanoic acid, KNO3, NaNO3.

necessary to point out the fact that ecotoxicity assessment
folowing Czech legislation is based on the results obtained
from ecotoxicity evaluation of the water leaches of waste
prepared by distilled water. Therefore, it is important to deal
with the principle of ecotoxicological testing of solid matrices
and in the future as much as possible to classify the ecotoxicity on the basis of results obtained by the contact bioassays. In our opinion current set of tests is relevant only for
water ecosystem and does not support sufficient prediction for
eventual ecotoxicologic impacts on terrestrial ecosystem.

This work was supported by the institution research plan No.
FCH-S-11-3 from the Ministry of Education, Youth and Sports
of the Czech Republic.
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3-P40
MATRICES FROM FIRE PLACES - THEIR POSSIBLE
ECOTOXICITY

3-P39
ECOTOXICITY OF SELECTED PESTICIDES
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Most of the chemicals produced and used in human
activities entered to the ecosystem and end up in the aquatic
ecosystem. Similarly many of chemical substances which are
part of effective agrochemicals used in agriculture either to
protect crop production or as fertilizer end up in the aquatic
ecosystem, especially if they are soluble in water. Chemical
analyses are able only to identify and quantify these
xenobiotics but the prediction of the effects of these
substances on ecosystem is possible via ecotoxicology which
covers the assessment, monitoring and diagnosis of effects on
populations, communities and ecosystems1, 2.
The aim of our study was to evaluate ecotoxicity of
selected substances used in agriculture and horticulture via
aguatic organism Daphnia magna, which is the longest-used
organism in ecotoxicology. It is representative of the
zooplankton, sufficiently sensitive to toxic substances, easily
grown in laboratory conditions, it is capable of rapid
reproduction and its biology, toxicology and specifics are
already well studied3. Via Daphnia magna acute and chronic
toxicity of commercially sold herbicides was determined:
Finalsan (active substance nonanoic acid), the product of
Neudorff GmbH KG Company and Dominator (active
substance glyphosate, isopropylamine salt – IPA salt Gly) by
Dow AgroSciences Ltd. Next tested substances were
potassium nitrate and sodium nitrate – common agricultural
fertilizers. Methodology of following standard methods were
used: ČSN ISO 10706 Water quality - Determination of long
term toxicity of substances to Daphnia magna Straus
(Cladocera, Crustacea) and ČSN EN ISO 6341
Water quality, Determination of the inhibition of the mobility
of Daphnia magna Straus (Cladocera, Crustacea)-Acute
toxicity test. The values of EC50 or EC40 were calculated and
the above mentioned substances according to the toxicity to
aquatic organisms were classified (EU Directive 93/67/EEC
Commission of the European Communities, 1996). Toxicity of

In the case of fires frequently wide range of inhomogeneous material is burnt. A lot of combustion products arising
during this event may adversely affect the environment. Some
of the burning products entered the atmosphere (gaseous
components - carbon dioxide, carbon monoxide, sulfur
dioxide and other), some of them are either adsorbed on the
solid particules or dissolved in water based estinguishers
(oganic compounds like PAHs, PCBs, TCDDs and other) and
end up in soil or water ecosystem, where they can negatively
influence aquatic and soil organisms3. It is possible to identify
and quantify most of them by chemical analysis, but their
impact on the ecosystem is not predictable on this basis. An
effective tool to predict the impact of combustion products on
the ecosystem are ecotoxicity tests2.
In our study, the water leachates of samples from fire
places were prepared. Testing was carried out in accordance
with current legislation on waste management when ecotoxicity of solid waste is determined on the basis of ecotoxicological values obtained by testing water leachates. Two alternative tests of ecotoxicity on aquatic organisms were used:
Thamnotoxkit FTM with organism Thamnocephalus platyurus
and Daphtoxkit FTM with Daphnia magna. Another testing
aquatic organism was Artemia salina. Ecotoxicity was also
tested using two standard phytotoxicity tests - white mustard
(Sinapis alba) root growth inhibition tests and lesser
duckweed (Lemna minor) growth inhibition test. On the basis
of obtained ecotoxicological values LC (EC, IC)50 the impact
of matrices from fire places on the ecosystem was evaulated.
We can concluded that matrices do not exhibited significant
ecotoxicity to the tested organisms with the exception of
samples whose aqueous extracts showed foaming. We suppose
with accordance to the literature that tensides used as aditives
to the extinquishing agents are responsible for their ecotoxicity3.
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reduced values of characteristic indicators of non-specific
organic matter content. Obtained low efficiency is consistent
with results of other authors5, 6.
On the other hand, the lowest operationally useable
dosages of activated carbon or ozone lead to almost complete
elimination of selected compounds from artificially contaminated demineralised water. The above phenomenon is caused
by hydrophobic character of these compounds7 and by the
presence of phenolic structure in molecule8. The data for
determination of parameters of numeric models of adsorption
isotherms were obtained in adsorption experiments. These
models allow finding proper conditions for adsorption of
contaminants from contaminated water.
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3-P41
ELIMINATION OF RESIDUES OF ESTROGENS
DURING DRINKING WATER TREATMENT
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Presence of some compounds with very low concentrations in water ecosystems and in drinking water can have
adverse effect on environment and human health (including
drinking water sources). At the present time, attention is given
especially to pharmaceuticals and hormones. We focused on
the problem of occurrence of two estrogenic hormones –
estradiol and ethinylestradiol in drinking water sources and on
possibilities of their elimination during drinking water
treatment.
Selected compounds occur in water environment in
quantities on the level of even tens ng per liter1. They can
cause feminization of fish males2 and dysfunction of human
(both male and female) reproductive system3. The above
mentioned substances are carcinogens to humans4.
An analytical method consisting of SPE preseparation,
vacuum distillation and HPLC/MS/MS determination was
chosen as a suitable tool for quantification of low concentrations of both tested compounds in water under conditions of
technological tests. Efficiency of coagulation using ferric
sulphate as a coagulant under optimized conditions and
efficiency of pulverised activated carbon adsorption were
tested in laboratory scale for elimination of these compounds
from two types (natural river water and model water with
increased level of humic matter) of artificially contaminated
water. Efficiency of ozonation in elimination of tested
compounds from artificially contaminated demineralised water
was also tested. Conditions of technological tests were chosen
with respect to real conditions in technical practice.
Relatively low efficiency of coagulation was found
during the treatment of artificially contaminated natural (river
Svratka Brno, Czech Republic,) and model water under
conditions optimized for elimination of non-specific organic
pollution. The efficiency was approximately at the level of
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3-P42
THE CONTENT OF COOPER AND CHROMIUM IN
FISH TISSUE FROM THE WATER RESERVOIRS IN
GOLIANOVO AND KOLÍŇANY
JURAJ TÓTH, JÁN TOMÁŠ, JÚLIUS ÁRVAY,
RADOVAN STANOVIČ, DANIEL BAJČAN
and DOMINIKA BONČÍKOVÁ
Department of Chemistry, Faculty of Biotechnology and Food
Sciences, SAU in Nitra. Tr. A. Hlinku, 94976 Nitra, Slovakia
juraj.toth@uniag.sk
Metals in trace amounts normally found in living
organisms, which are involved in important biochemical
processes. On the other hand, metals have the ability to
bioaccumulate in the body and increased quantities behave
toxic. Fish, as living organisms in the aquatic ecosystem at the
end of the food chain by becoming the latest recipients.
Compared with warm-blooded vertebrates, the fish is
characterized by continuous weight, and physical growth. This
may affect the actual elements of metal bioaccumulation in
fish.
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content of hazardous elements (Cu – 4,0 ± 0,42 mg kg-1 Kolíňany and 16,3 ± 3,57 mg kg-1 - Golianovo) and (Cr – 0,60
± 0,53 mg kg-1 - Kolíňany and 36,6 ± 9,16 mg kg-1 Golianovo) were compared with the limit values set by
relevant legislation (Act no. 188/2003 Coll. Z.). All of us
detected elements do not exceed the levels observed in either
case the limit values.

Serious problem is the long-term contamination of
surface water. Contamination of the aquatic environment
caused by the disappearance of sensitive species, slowing their
growth, deterioration of reproductive ability and condition,
eventually reducing their resistance. Another serious aspect is
the contamination of fish with foreign substances, causing
deterioration, or impairment of the quality of meat and fish.
In the present work we focused on the determination of
the risk elements studied in carp muscle (Cyprinus carpio L.)
in water reservoirs in Nitra region (Golianovo and Kolíňany).
The contents of copper and chromium in fish muscle was
determined using microwave digestion of biological material.
Ending analytical was AAS (Varian AA 240 FS). The
obtained results oft he content of hazardous elements (Cu:
0,28 ± 0,11 mg kg-1 - Kolíňany and 0,40 ± 0,21 mg kg-1 Golianovo) and (Cr: 0,15 ± 0,06 mg kg-1 - Kolíňany and 0,09
± 0,06 mg kg-1 - Golianovo) were compared with the maximum accetable limits (MAL) of heavy metals, which are listed
in the Codex Alimentarius SR. The contents of heavy metals
in any case not exceed MAL.

This contribution is the result of the project implementation:
Centre of excellence for white-green biotechnology, ITMS
26220120054, supported by the Research & Development
Operational Programme funded by the ERDF.
3-P44
CONTENTS OF CADMIUM AND NICKEL IN SOILS
AND PLANT MATERIAL AFTER BIOSLUDGE
APPLICATION IN VPP KOLÍŇANY
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The application of decomposed substrate after continual
biogas production is one of the possible ways how to use
alternative energy sources with following monitoring of its
complex influence on the hygienic soil state with the emphasis
on heavy metal input. The substances from bilge and drain
sediments from water panels, also biosludge gained by
continual co-fermentation of animal excrements belong among
these compounds. The biosludge application is connected with
possible risk of cadmium and nickel, also other risky elements
input into the soil. The Cd and Ni fractions in soils were by
the method selective sequential extraction (SSE) determined.
By Cd fractionation it was found out that by the application of
biosolid into the soil the deal of individual fractions was
changed only minimally. The composition of 1-4 fractions
presented by the plants as available Cd forms is in individual
variants 11-13%. This knowledge is important, because the
total Cd content in soil is higher at 48% as limitv value and
real risk of its intake by plants is high. The total Ni content in
soil is higher than limit value at 9%. By the method SSE it
was found out that Ni in soil is occuring mostly in residual
fraction with percentual structure 61-79%, fractions and
available forms (1-4 fractions) form only 8-11% deal of total
Ni content in soil. This fact is important and it suggests the
low Ni plant uptake inspite of its high content in soil.

3-P43
THE CONTENT OF HEAVY METALS IN SEDIMENTS
FROM THE THE WATER RESERVOIRS
JURAJ TÓTH, TOMÁŠ TÓTH, PETER LAZOR,
DOMINIKA BONČÍKOVÁ, ALENA VOLLMANNOVÁ
and JURAJ MIŠŠÍK
Department of Chemistry, Faculty of Biotechnology and Food
Sciences, SAU in Nitra. Tr. A. Hlinku, 94976 Nitra, Slovakia
juraj.toth@uniag.sk
Lake sediment is a material dredged from the bottom of
water reservoirs or ponds. It is the result of natural processes,
they are actually wash away the agricultural and forest soils,
streams and river tributaries. According to the flow velocity,
settling velocity and water depth to identify the composition of
bottom sediments as gravel and sand, clay or clay to clay
material, in most cases with a high content of organic matter.
According to the grain composition is mainly used in
construction to a variety of construction or modifications to
the fertilization of agricultural soils.
The work deals with the migration of selected heavy
metals in small basins, which are bound in bottom sediments.
Bottom sediments may act as significant sources of pollution,
since they can accumulate pollutants such as heavy metals and
organicsubstances.
In this work we focused on identification of risk
elements in a small pond sedimetoch Nitra (Kolíňany and
Golianovo) used for breeding fish for food purposes. Majority
representation is abyčajný carp (Cyprinus carpio L.), which as
is typical of benthic fish exposed to an increased impact of
possible contamination risk elements of the bottom sediments.
The content of the heavy metals (Cu and Cr) in sedimetoch we
detect the mineralization of pre-wet samples. Analytical
ending the AAS (Varian AA 240 FS). The results obtained

This contribution is the result of the project implementation:
Centre of excellence for white-green biotechnology, ITMS
26220120054, supported by the Research & Development
Operational Programme funded by the ERDF.
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The highest values of Cd and Ni in grain of oat (Avena sativa,
L.) were found at sampling point 8. The highest value of Cd in
grain exceed over 0,1-times the HAA.

3-P45
CONTENT OF RISK ELEMENTS IN SOIL AND
WHEAT AROUND THE CHEMICAL FACTORY OF
EAST SLOVAKIA
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VOLLMANNOVÁ, PETER LAZOR, JULIUS ÁRVAY,
JURAJ MIŠŠÍK and JURAJ TÓTH
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3-P46
THE TOLERANCE OF SELECTED GRASS SPECIES
TO PETROLEUM STRESS

Strednozemplínska locality - Strážske ranks to the
regions that are monitored as one of nine most contaminated
sites in Slovakia. Contamination in this region has
anthrophogenic character that has been caused by industrial
enterprises in Vranov nad Topľou, Strážske and Humenné.
Concentrations of Cd were exceeded at all sampling points.
ranged from 1,10 to 1,90 mg kg-1, what present an increase of
the limit value by 57,1 to 171 %. The content of Ni was
increased in seven sampling points while its content ranged
from 40,4 to 70,4 mg kg-1. This present exceeding of limit
values up to 40,8 %. The limit value was also exceeded for Pb,
Hg and As. In the vicinity of chemical enterprise of Humenné
the Co concentration ranged from 19,6 to 29,6 mg kg-1 at all
sampling points and exceed the limit value from 30,7 to
97,3 %. Pseudototal content of selected elements showed local
exceeding of all selected heavy metals in horizon B. In soil
extract from horizon B of aqua regia the limit values of Cd,
Pb, Zn, Ni, Cr and Co were exceeded. The Cd content in
monitored horizon ranged from 1,3 to 2,0 mg kg-1 and exceed
the limits at all sampling points. The highest value 2,0 mg kg-1
present an increase of 185 % compared to the limit value. The
lowest concentration exceeded the limit value by 85 %. The
Pb concentration ranged from 39,6 to 114,8 mg kg-1. Lead
belongs among high toxic metals and the background value in
soils in Slovakia varies from 7,95 to 10,79 mg kg-1. The limit
value of Pb defined by legislative (70 mg kg-1) was exceeded
at two sampling points. The highest content represent an
increase of 64 %, the second highest content presented an
increase of 62.8 % in comparison with the limit value. Content
of Ni ranged from 32,8 to 76,4 mg kg-1. The highes value
exceed the limit by 52,8 %. The content of Zn defined by
legislative was exceeded at two sampling points. The highest
value of Zn 164,8 mg kg-1 exceeded the limit by 9,8 %.
Average content of Cu and Cr in soil from Slovakia ranged
from 5,34 to 6,34 mg kg-1, and from 1,78 to 1,87 mg kg-1,
respectively. At all of sampling points higher valeues of Cu
and Cr were determined. The highest value of Cu exceed the
limit value by 12,6 %. The highest assessed value of Cr 86,6
mg.kg-1 represented an increase of 24 % in comparison with
the limit value. Evaluation of soil hygiene revealed increased
content of Cd, Pb, Ni and Co, partially Zn, Cu and Cr, what
reflects their contents in plant production, but increased
moiety of mobile form besides Cd in soil was not manifested
in increased content in production parts of grown crops. In
grain of wheat (Triticum aestivum, L.) the highest acceptable
amount (0,1 mg kg-1) of Cd was exceeded in seven sampling
points of chosen site. Increased content of Cd was in range
from 0,12 to 0,18 mg kg-1, what represents an increase of 20 80 % when compared to highest acceptable amount (HAA).

ANNA GOGOLÁKOVÁ, JANA URBÁNKOVÁ
and PETER ŠTRBA
Department of Botany and Genetics, Faculty of Natural
Science, The Constantine Philosopher University, Tr. A.
Hlinku 1, 949 01 Nitra, Slovakia,
agogolakova@gmail.com
The presence of petroleum hydrocarbons in soils is a
negative factor for plant growth and development1. Their
harmful effects include inhibition of seed germination,
reduction of photosynthetic pigments, decreased nutrient
assimilation and shortening of roots and aerial organs2. This
toxicity may be exerted through the hydrophobicity of
petroleum-polluted soils which induce drought stress1, and
also by the high biochemical oxygen demand (BOD)
characteristic of these soils and their poor agronomical
properties, both causing anoxic stress3. Phytoremediation has
emerged as a viable biotechnology for remediation of
petroleum polluted soils, f.e. with species like bermudagrass4
or gabiroba5.
We studied the influence of petroleum originated from
Korňa petroleum spring (Northern Slovakia) to germination
and growth parameters of 3 grass species - perennial ryegrass
(Lolium perenne L.) cv. Kelt, red fescue (Festuca rubra L.)
cv. Barborka and tall fescue (Festuca arudinacea SCHREB.)
cv. Tulsa. The experiment was established with three
treatment groups: 100% of petroleum sample, 50% of
petroleum sample and control treatment (distilled water).
Seeds germinated in Petri dishes under growth chamber
constant conditions (T 20 °C, RH 60%, photoperiod 12 h
light/12 h dark period, PPFD 400 μmol m-2 s-1). We
determined Lolium perenne resistance to petroleum stress,
because of statistical analyse did not confirmed significant
differences for all observed parameters (the length of
germinated leaf and root, the number of roots, the fresh weight
of germinated leaf and roots, the total dry weight) between
control and petroleum treated plants. Festuca rubra and
Festuca arundinacea belong to partially tolerant species to
petroleum stress, because of statistical analyse confirmed
significant differences only within some observed parameters
between control and petroleum treated plants.
The results of our study can be practically applied for
greening or recultivation of petroleum contaminated localities
or petrol gas areas.
This work was supported by LPP grant No. 0125-07.
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3-P47
CHLOROPHYLL FLUORESCENCE RESPONSE OF
CORN SEEDLINGS TO LEAD STRESS

All environmental factors, such as excessive irradiance,
water or heavy metal stress either directly or indirectly affect
the photosynthetic function of leaves, the pigment composition and the ultra-structure of the photosynthetic apparatus.
Early stress detection in plants, before visual damage
symptoms are noticeable, is required in order to reactivate the
plant’s vitality by suitable countermeasures. Today the nondestructive fluorescence methods are the most promising
techniques for early stress detection in plants1.
Corn (Zea mays L.) cv. Theresa seeds were germinated
for 7 days in Petri dishes containing different concentrations
of Pb2+ (50, 300, 500, 1000 and 1500 mg l-1 Pb solution). Lead
was provided as lead nitrate Pb(NO3)2. Seeds germinated in
Petri dishes under growth chamber constant conditions (T 20
°C, RH 60%, photoperiod 12 h light/12 h dark period, PPFD
400 μmol.m-2.s-1). Chlorophyll fluorescence measurements
were realised by fluorescence spectrophotometry method
(GFPCam kinetic fluorescence camera, PSI, Czech republic)2.
We determined minimal fluorescence (F0), maximal fluorescence (Fm) and maximum quantum yield efficiency (Fv/Fm)
by fluorescence method. Statistical analysis confirmed
significant influence of lead on minimal fluorescence (F0) of
corn seedlings between F0 of control plants and all lead
treatments. Treated plants had higher F0 values than control
plants. Although without insignificant differences between Fm
of control and treated plants (with exception of 1500 mg Pb
treatment with significant difference) lead application induced
Fm increasing. The maximum quantum yield efficiency
(Fv/Fm) decreased with increasing lead concentration, significant differences between Fv/Fm of control and treated plants
were confirmed by statistical analyse. Average values of
Fv/Fm lead treated plants were lower from 15,6 % to 20,4 %
with increasing lead concen-tration comparing control plants.

Lead (Pb) contamination in soil is a widespread phenomenon and originates from automobiles, metal smelting
plants, mines, lead-contaminated sewage sludge, industrial
wastes, etc. The Pb exposure to plants causes effects such as
the disturbance in mitosis, induction of leaf chlorosis, depression of photosynthetic rate1, inhibition in root and shoot
growth2.
We used the method of growth analysis and fluorescence
spectrophotometry method (GFPCam kinetic fluorescence
camera, PSI, Czech republic)3 for determination of lead effect
on growth processes and chlorophyll fluorescence of pea
(Pisum sativum). Its transfer from soil was accelerated with
phytoextraction induced by using the chelating agent EDTA
(ethylenediaminetetraacetic acid). Application of lead caused
non-significant reduction of plant height, fresh weight and dry
weight of aboveground biomass. A stronger effect of lead was
presented on the root system, we have found a reduction of
root weight from 5,3 to 14% comparing with untreated plants.
In fact, we have presented higher lead content in roots by the
chemical analysis by AAS (atomic absorption spectrometry),
than in aboveground biomass. The most pronounced effect of
lead was found on the fresh weight of root biomass after the
addition of EDTA, with increasing concentration of the
chelating agents the fresh weight decreased from 36% to 56%.
Chelating agent strongly supported the income of observed
metal. We determined lead content in the aboveground part of
plants from 17 to 43 times higher and from 0,5 to 2,5 times
higher lead content in roots than in lead treated plants. The
maximum quantum yield of chlorophyll fluorescence (Fv/Fm)
gradually decreased with increasing concentration of lead and
EDTA. Application of heavy metal and EDTA caused a
statistically significant reduction in Fv/Fm from 9% to 20%
and consequent reduction in photochemical efficiency of PSII
photosystem. Inhibition of photosynthesis and biochemical
processes of photosynthesis means the change in physiological
status of plants, and therefore measurement of chlorophyll
fluorescence can be used as an indicator of the impact of
environmental stress on the functionality of photosynthesis
apparatus. Results of this work can be used in the field of
phytoremediation of heavy metals contaminated areas.

This work was supported by LPP grant No. 0125-07.
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activities of enzymes of chlorophyll biosynthesis and CO2
fixation. The intensity of chlorophyll fluorescence can be used
as an indicator of environmental stress effects on photosynthesis apparatus effectiveness. The goal of our research
was to determine the parameters of chlorophyll fluorescence
(F0 – minimum fluorescence, QYmax – the maximum quantum
yield of Photosystem II photochemistry) in the different
developmental stages of leaves of studied soybean varieties
(Glycine max (L.) Merill. cvs. Bólyi 44 and Cordoba) exposed
to cadmium (50 mg kg-1 of soil). We examined differences in
tolerance index value of two genotypes based on fresh weight
of shoots (95,73% for Cordoba, 97,62% for Bólyi 44). In
plants of cv. Cordoba we observed statistically significant
decrease of F0 only in upper leaves 1 (by 9,85%). Differences
in QYmax were observed in lower leaves of cv. Cordoba
(decrease by 11,94%) and in upper leaves 1 and upper leaves 2
of cv. Bólyi 44 (decrease by 15,52% and 18,18% respectivelly). We examined genotypic variability in chlorophyll
fluorescence and differences in developmental stages of leaves
in consequence of the applied Cd2+.

3-P49
EFFECT OF CADMIUM AND ARSENIC IONS ON THE
CONTENT OF PHOTOSYNTHETIC PIGMENTS IN
LEAVES OF GLYCINE MAX (L.) MERILL.
TERÉZIA DOBROVICZKÁ1, BEÁTA PIRŠELOVÁ1
and ILDIKÓ MATUŠÍKOVÁ2
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terezia.dobroviczka@ukf.sk
Heavy metals belong to significant pollutants of the
environment since they accumulate in organisms and are not
degradable. The goal of our research was to determine the
content of photosynthetic pigments in the different developmental stages of leaves of studied soybean varieties (Glycine
max cvs. Bólyi 44 and Cordoba) exposed to cadmium
(50 mg kg-1 Cd2+) and arsenic (5 mg kg-1 As3+). After 10 days
of growing the plants in contaminated soil, leaves of cv.
Cordoba responded sensitively to Cd2+. In plants of cv.
Cordoba we observed statistically significant decrease of
chlorophyll a content in lower (by 30,86%) and upper leaves
(by 19,09%). Consequently, significant decrease of chlorofyll
a+chlorofyll b in lower (by 14,73%) and upper leaves (by
14,21%), as well as decrease of chlorofyll a/chlorofyll b in
lower (by 15,93%) and upper leaves (by 11,35%) were
detected. We did not record any significant change in content
of chlorophyll b and carotenoids as a result of the Cd2+ effect
on this variety. In contrast, no such changes occured in cv.
Bólyi 44. The applied dose of As3+ did not induce significant
changes in the content of photosynthetic pigments in either of
studied soybean varieties. The applied dose of Cd but not As
negatively affected the photosynthesis in dependency on
genotype.

This work was supported by VEGA 2/0062/11, UGA
VII/11/2011.
3-P51
CONTAMINATION LEVEL OF UPPER FLOW RIVER
NITRA ALLUVIAL AREA AFFECTED BY LOCAL
INDUSTRIAL ACTIVITY
RADOVAN STANOVIČ, JÚLIUS ÁRVAY, ALENA
VOLLMANNOVÁ and MICHAL KUJOVSKÝ
Department of chemistry, Faculty of Biotechology and Food
Science, Slovak University of Agriculture in Nitra. Tr. A.
Hlinku, 949 76 Nitra, Slovak republic
radovan.stanovic@uniag.sk
Present state-of-art of environment is widely affected by
various impacts of man which significantly eleminate negative
affecting of its influence on the environment. In the past this
fact was not so implemented and thus there was uncontrolled
escape of contaminants of organic, but also inorganic origin
into various components of environment. The most sensitive
component is water ecosystem and its close plates (base
sediments, banks sediments and biosphere near the flows).
River Nitra ranks among the most affected water
ecosystems in Slovakia that was in 1965 the recipient of
sludge, that was by accident in Zemianske Kostoľany
uncontrolled spilled into the river with aftermath of long–term
contamination of all sub-components in ecosystem, mainly by
heavy metals (Hg, As, Pb, etc.).
In our work there was shown that the level of banks
sediments contamination in River Nitra exceed severalfold the
limit values, mainly for Hg. Total Hg concentration in bank
sediments samples that were dried before analysis to constant
weight was assessed using an AMA 254 (AAS).
Middle value of total content of Hg was 1,064 ± 0,612
mg.kg-1. The highest concentration was recorded at sampling
site „Bošany“ (1,893 mg kg-1 Hg) what presents almost 4-fold
exceeding of limit value (0,5 mg kg-1).

This work was supported by VEGA 2/0062/11, UGA
VII/11/2011.
3-P50
CHLOROPHYLL FLUORESCENCE IN LEAVES OF
SOYBEAN AS INDICATOR OF CADMIUM STRESS
TERÉZIA DOBROVICZKÁ1, BEÁTA PIRŠELOVÁ1,
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Photosynthesis is sensitive to cadmium, because it
directly disturbs the chloroplast function by inhibiting the

This contribution is the result of the project implementation:
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Centre of excellence for white-green biotechnology, ITMS
26220120054, supported by the Research & Development
Operational Programme funded by the ERDF.
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Synthetic musk compounds or synthetic fragrances are
organic substances commonly used as fragrant constituents of
perfumes, detergents, cosmetics and personal care products.
These compounds are discharged after use via domestic
wastewater and sewage treatment plants to the aquatic
environment. The result is accumulation in the environment
and occurrence in a food chain especially of aquatic and
marine ecosystems. Synthetic musk compounds are also found
in surface water, fish tissues and also in body fluid (blood,
urine, milk) and tissues of human body. Synthetic musks have
raised considerable attention in environment chemistry
because of their persistence, bioaccumulation potential and
toxicity.
This study is focused on 5 nitromusk compounds [musk
ambrette, musk xylene, musk moskene, musk tibetene, musk
ketone] and 4 polycyclic musks [phantolide, traseolide,
galaxolide, tonalide]. These compounds were studied in
influent and effluent waters from waste water treatment plant
in Brno-Modřice (February 2010). The optimization method
solid phase microextraction (SPME) was used for isolation of
analytes from samples. The head final parameters are: SPME
fiber PDMS/DVB (65 μm), direct immersing, temperature
80 °C, exposure time: 30 min. The identification and quantification of analytes was carried out by gas chromato-graphymass spectrometry (GC 6890N, capillary column: DB-5MS;
MSD 5973N, EI 70 eV, Q-SIM) [Agilent, USA]. The head
final GC parameters are: injector in the splitless mode at
250 °C, constant flow of carrier gas He (0,8 mL min-1), oven
temperature program: 50 °C (hold 3 min), rate 15 °C/min to
110 °C, rate 5 °C/min to 165 °C (hold 8 min), rate 15 °C/min
to 285 °C (hold 2 min) [total time: 36 min]1.
Galaxolide and tonalide were detected at highest
concentrations – 2765 ng l-1 for galaxolide and 422,8 ng l-1 for
tonalide. The most extended nitromusks were found at
concentrations 89,85 ng l-1 (for musk ketone) and 40,39 ng l-1
(for musk xylene). Musk moskene and musk tibeten were not
detected in any sample analysed. The overall removal efficiency of synthetic musks from the waste water in the WWTP
ranged from 37,43 % to 99,99 % (e.g. for galaxolide 55,48 %
and for musk ketone 39,10 %).

Many of the pharmacologically active substances present
in the environment are chiral. However, there is only little data
concerning their fate in the environment on the enantiomeric
level. Chiral pharmaceuticals are known to exhibit stereoselective behaviour when situated in biological system such as
human body. Therefore, stereoselective behaviour of chiral
drugs is very likely to happen in the environment. Since the
drug enantiomers could differ in toxicity, it is of great
importance to develop chiral analytical methods capable of
trace analysis in the environmental matrices.
Enantioselective
HPLC-DAD
method
using
Chiralpak AD as a chiral column was developed for the
analysis of two non-steroidal anti-inflammatory drugs
ibuprofen and ketoprofen in wastewater samples. The samples
were collected from the municipal wastewater treatment plant
in Brno-Modřice and then extracted by SPE using Oasis HLB
cartridges. Before the chiral analysis was applied, the sum of
enantiomers was quantified by HPLC-ESI-MS. After this, the
samples were analyzed by chiral HPLC using diode array
detector.
It was found out that the diode array detector is not
sensitive and selective enough for the chiral analysis of
wastewater samples. Drugs are generally present in the
wastewater in very small amounts and when they are divided
into individual enantiomers, their concentrations are too low
for UV detection and detection by mass spectrometry is
needed.
Since the developed chiral method is using normal phase
liquid chromatography it is not compatible with electrospray
ionization which was used when the sum of enantiomers was
determined.
It was concluded that if the developed chiral HPLC
method should be applied for the environmental purposes it
must be used in combination with mass spectroscopy and
atmospheric pressure chemical ionization.
This work was supported by MŠMT ČR, grant No.
FCH-S-11-3.

This work was supported by MŠMT ČR, grant No.FCH-S-11-3
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Capillary zone electrophoresis is a technique with a wide
range of applications. The most commonly, this method is
used in medicine in the separation of proteins, lipids, enzymes,
nucleic acids, etc. This method reached great importance also
in the pharmaceutical industry, where it is used to analyze
drugs and their metabolites and the important role capillary
zone electrophoresis play also in determination of environmental pollutants1,2.
Surfactants are substances with anti-corrosion, emulsifying and disinfecting properties. They represent an essential
ingredient for hair products, cosmetics, detergents and
cleaning products. Increasing consumption of these products
increases the amount of surfactants in the environment. Even
trace amounts of surfactants can disrupt the biological balance,
and reduce the surface tension of water. In this way, these
agents reduce aeration of the water, which encourages such
undesirable growth of algae. Some surfactants are highly toxic
and poorly biologically degradable substances. From these
reasons it is very important their monitoring in the environmental compartments. Surfactants can be divided into four
groups: anionic, cationic, nonionic and ampholytic3,4. So far,
anionic surfactants are the most used in the Czech Republic.
That is why the work is focused on their determination by
capillary electrophoresis.

Herewith we present results of analyses of polychlorinated
biphenyls (PCBs) in the air from the northern part of James
Ross Island (JRI). The presence of these compounds in these
far-away areas is induced by long-distance transport.
Passive sampling using polyurethane foams (PUFs) as
collecting medium was used for this purpose. The sampling
periods were one month (Jan-Feb) in 2009, 2011 and one year
in (Jan-Jan or Feb-Feb) 2009/2010, 2010/2011 at two different
sites. Contamination in Crame Col is influenced by prevalent
south winds, whereas below the Berry Hill by dominant
westerly winds due to a different topographic position.
Exposed PUFs were extracted by dichloromethane using
Soxhlet extractors and obtained extracts were cleaned-up by
acidic treatment. Comprehensive orthogonal two-dimensional
gas chromatography with TOF-based mass spectrometric
detection (GCxGC-TOF MS) was employed as the final analytical method.
Total of 32 PCBs containing from 3 to 7 chlorines were
identified. For the identification and quantification of indicator
congeners PCB #28, #52, #101, #138, #153 and #180 the
external standard method was used. Classification of other
polychlorinated biphenyls was based on their mass spectra and
retention behaviour.
Supposing sampling rate of passive air sampling devices
about 10 m3 per day, the average atmospheric concentrations
of the sum of all of 32 PCBs detected congeners varied
between 1,5 and 9,8 pg m-3 for one month austral summer
sampling and for sum of indicator congeners between 0,8 and
4,5 pg m-3 for one-year sampling.
The contamination evaluated during one-year exposition
was higher in Crame Col than below the Berry Hill; onemonth austral summer exposition of PUFs showed on the
other hands higher contamination below the Berry Hill.
Meteorological and geomorphological conditions principally
affect timing and distribution of PCB contaminants in the air
above the JRI.

This work was supported by the institution research plan No.
FCH-S-11-3 from the Ministry of Education, Youth and Sports
of the Czech Republic.
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TRACE OF HEAVY METALS IN FISH TISSUES,
SEDIMENT AND WATER FROM DANUBE RIVER IN
ROMANIA
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SIM – GC/MS DETERMINATION OF BTEX IN
AMBIENT AIR
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The assessment of air pollution and its public health
impacts in an evolving world has become increasingly
important, the air quality, both indoors and outdoors, being
closely related to morbidity and mortality from respiratory and
cardiovascular diseases.
This research has the aim to develop a quantitative
method for determination of benzene (B), toluene (T),
ethylbenzene (E), and isomeric (o-, m-, p-) xylenes (X) levels
in ambient air by gas chromatography - mass spectrometry
(GC/MS). BTEX are toxic compounds with high impact on
human health. The method was applied for BTEX levels
determination in the indoor/outdoor air. As internal standard
were used pyridine or deuterated benzene.

The presence of heavy metals in aquatic ecosystems is
the results of two main sources of contamination: natural
processes or natural occurring deposits and antrophogenic
activities1-4.
In this study, some heavy metals (manganese,
cadminum, nickel, chromium, zinc, iron, lead and copper)
were determined in water, sediment and some tissues of
Gobius cephalarges from Danube River, which is an
important source of food and drink for populations and for
agriculture in Romania.
Metals concentrations were measured using graphit
furnance atomic absorption spectrophotometer 650 Zeenit,
from Analytik Jena. Fish tissues and sediments were extracted
using wet digestion method. The quality control of digestion
was tested using Certified Reference Material that lead to a
recovery of 95-110 %.
The obtained results for water were compared with
national water quality guidelines. The analysis of heavy metals
in sediments indicated no exceeded of recommended levels.
Fe was maximally accumulated, followed by Ni, Cu, Pb, Mn,
Zn and Cd.
In the Gobius cephalarges samples, the heavy metal
concentrations were found to decrease as Zn > Fe > Cu > Ni >
Mn > Cd > Pb. Heavy metal concentrations in fish samples
were found to be above than maximum tolerable values
provided by national law, which lead that the fish is safe to be
eaten.

Scheme 1. BTEX separation by SIM-GC/MS
The adopted method proved to be simple and fast, with
good linearity, precision and accuracy, its validation
demonstrating the capacity to reliably identify and measure
the yields of BTEX compounds.
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Decades of research have provided the scientific
foundation for understanding the role of the environment in
disease. For many pollutants, scientists know with some
certainty that exposure to these pollutants, at sufficiently high
concentrations; can cause a variety of health effects. For other
pollutants, where scientific evidence is less conclusive,
scientists can only establish an “association” between
exposure and health problems. Some effects on health may be
short-term and reversible, such as irritated eyes from smog.
Other effects, such as emphysema, heart disease, and cancer
are chronic or even fatal. Some effects may appear shortly
after exposure. Others, such as cancer, may require a long lead
time before the disease appears. In many cases, pollution
likely is just one of several factors—including diet, exercise,
alcohol consumption, and genetic make-up—that influence
whether an exposed person will ever become sick. Further
complicating the picture is the fact that several segments of
the population may be at higher risk for damage or disease
from environmental pollutants. Potentially sensitive groups
include children; older Americans; people with existing health
problems such as diabetes, respiratory disease, or heart
disease; and persons with compromised immune systems,
including those who have HIV/AIDS or are undergoing cancer
chemotherapy. Many studies in people have demonstrated an
association between environmental exposure and certain
diseases or other health problems. Examples include radon and
lung cancer; and cancer arsenic in several organs; lead and
nervous system disorders; disease-causing bacteria such as E.
coli O157: H7 (e.g., in contaminated meat and water) and
gastrointestinal illness and death; and particulate matter and
aggravation of heart and respiratory diseases. In this work the
effect of polycyclic aromatic hydrocarbons pollutants on the
environment of Erbil City was studied.

The air pollution monitoring is one of the most pressing
environmental problems today. A direct air pollutant is one
that is emitted directly from a given source as products of
combustion. They are classified as either directly released or
formed by subsequent chemical reactions, the atmosphere
being a proper medium for pollutants to spread in the
environment. The paper describes the air pollutants monitored
in the environmental system of an industrial area, in the
southern-east of Romania, near Calarasi.
Air pollution measurement strategy may differ from area
to area, depending on a number of factors such as
geographical location, temperature, wind and humidity, the
pollution being differently dispersed.
Portable analyzers, part from a complex system of
mobile laboratory, were used for in situ analysis. These
automatic analyzers monitored a wide range of pollutants
besides meteorological parameters like wind speed, wind
direction, temperature and humidity. The most air significant
pollutants to asses include carbon monoxide, nitrogen
monoxide, nitrogen dioxide, nitrogen oxides, sulfur dioxide on
ambient atmosphere, and sulfur dioxide on exhaust gases from
furnace, particulate matter, ozone, methane and total
hydrocarbons. In addition to these conventional parameters,
we also monitories special parameters like NH3, H2S. The
carbon monoxide, sulfur dioxide, nitrogen dioxide, ozone and
particulate matter in the outdoor atmosphere concentrations
were measured and recorded according with the Romanian
legislation no. 592/25.05.2002, and no 462/01.07.1993.
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This study reports the spatial and temporal variability of
total phosphorus (TP) and its forms in sediments from Kuwait
Bay, a semi-enclosed water body in the northwestern corner of
the Arabian Gulf. The mean (and range) concentration of TP
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in surficial sediments is 19,4 (12,2 to 24) µmol-P g-1 dry
weight. Of this, inorganic phosphorus (IP) comprised the
largest reservoir of phosphorus, contributing about
83,5 ± 6,8% with organic phosphorus (OP) contributing
16,5 ± 7,3% of the measured TP. The highest concentrations
were measured in the deeper portions of the Bay which is
characterized by fine grained sediments. The vertical profile in
the sediments was characterized by a gradual increase in
concentration from depth to a subsurface maximum (at
approximately 4-5 cm) followed by an exponential decrease to
the sediment-water interface. The sedimentary profile of TP
correlated remarkably well with changes in the population of
Kuwait over the last three decades, suggesting that wastewater
inputs into the Bay from treatment plants is an important
source of phosphorus in the Bay. The decrease in concentration in sediment deposited over the last five years maybe as a
direct consequence of the commissioning of an improved
wastewater treatment plant with higher phosphorus removal
efficiency. This study shows how better wastewater management practices can lower the levels of phosphorus inputs to
coastal marine waters and reduce the likelihood of eutrophication particularly in semi-enclosed water bodies.
3P-61
CLUSTER ANALYSIS APPLIED TO
ENVIRONMENTAL SEDIMENT DATA IN
SULAIBIKHAT BAY, KUWAIT
HASSAN ALSHEMMARI, KHALID AL-MATROUK,
MAJED AL WADI and SAIF UDN
Petroleum Research & Studies Center Kuwait Institute for
Scientific Research, P.O Box 24885, Safat 13109, Kuwait
Statistical technique was used in this work to assess the
controls on the importace of the different geochemical
fractions as hosts for trace elements and to identify possible
pollution sources. Surface sediments samples were collected
from 35 locations in Sulaibikhat Bay, Kuwait. Concentrations
of As, Cd, Co, Cr, Cu, Hg, Ni, Pb and Zn were determined.
Grain sizes, TOC, carbonate and mineralogical data were
determined too. The abundance of elements, their geographical distribution and their relationships with each other and
with sediment and other environmental parameters are
described. Cluster analysis was applied to the data matrix to
identify the possible pollution sources. The cluster analysis
identifies two cluster groups, suggesting that the sediment
geochemistry in Sulaibikhat Bay is strongly influenced by
competitive sedimentation between coarse, aragonite-rich
sediments on the one hand and fine-grained, TOC and trace
elements rich material on the other hand. The cluster analysis
results show that the compositions of sediment sampled near
the Ghazali outfall differ markedly from those of sediments
from Sulaibikhat Bay. The statistical techniques applied in this
study proved to be useful tools for interpreting the environmental data in Sulaibikhat Bay.
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generated peptide fragments are extracted from the gel and
analyzed by mass spectrometry to obtain “peptide mass map”
(typical “finger-print” for defined structure). From some
intense peptide ions are then obtained MS/MS spectra (tandem
mass spectra) which interpretation represents directly the
amino acid sequence of analyzed peptide. The comparison of
obtained data with databases leads mostly to the direct
identification of the allergen. The actual allergenicity of
identified candidate have to be confirmed with other techniques as for instance leather or histamine test because of
disproportionate rate between IgE-binding activity of the
protein and the ratio of induced symptomps.
In the case, that the sequence is not registered in any
database the identification requires so-called de-novo
sequencing. The interpretation of obtained tandem mass
spectra offers partial amino acid sequences of analyzed
peptides what can lead to identification of unknown protein on
the basis of its similarity with known ones in the database.
Fortunately, just PR-proteins have unusually high homology
caused by relati-vely fixed protective mechanisms of higher
plants during evolution. In the same conditions, the most
plants produce or accumulate structurally and functionally
similar PR-proteins regardless of their morphological
differences. Some enzymes, as they necessary for biosynthesis
of low-molecular antibiotics or some reserved proteins in
seeds and fruits belong to PR-proteins. As a consequence, PRproteins were classified to 17 families regardless of their
variety3, where the sequence similarities, serological and
immunological relationship and similarities of enzymes were
the basis for this classification.
This presentation will be focused on the PR-proteins
of family 10. For interest, their action pattern in the plant
protection is fully unknown. Their similarity within the family
of Apiaceae and their cross-reactivity with type I allergens
represented with the well-known pollen allergen of Betula
verrucosa (birch) caused by the similarity of their tertiary structures will be discussed, too.
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Using of plants with improved resistance against pathogenic microorganisms or substances which are not malicious
for living organisms but are able to support the natural resistance of plants, an increase of productivity and quality of agriculture was expected in a near future. From this reasons,
plants with higher content of PR-proteins (pathogenesisrelated pro-teins) or substances with the ability to induce their
increased production gained the attention of researchers and
growers. Some of PR-proteins were successfully expressed to
the gene-tically modified plants.
Rapid increase of type I allergy on agricultural crops
coerced the researchers to focus on the health risks bound with
the cultivation of such plants. Some of PR-proteins were directly convicted as a reason of so-called latex allergy, syndrome
of oral allergy or cross-reactivity allergy of fruits, vegetable
and pollen. The problem is so mandatory that the WHO and
FAO permanently deal with. Already in 2001 (January 22nd –
25th) FAO/WHO Allergenicity Rules based on the crossreactivity of structurally similar proteins were formulated.
Simplified, they are based on identity of six consecutively
bound amino acids in a searched protein and in allergen or
more than 35% identity of amino acids between them (at least
80 amino acids consecutively bound are required). The
following conditions lead to a high probability, that the
searched protein is an allergen, too. Specialized databases
containing all known structures of protein allergens were
established. One of them, free Structural Database of Allergenic Proteins (SDAP) is refreshed each third month1. Except
of a database of allergens it offers the direct alignment of a
new structure with known ones.
With the increasing information about sequences of genes
and proteins in databases, it becomes more and more easy
to provide complex analysis of protein series using methods
known from proteomics, the two-dimensional electrophoresis
and mass spectrometry. In the last time, the term allergenomics is used for the fast and complex analysis of potential
protein allergens. The same strategy as in proteomics is
applied. Allergenomics allows us to detect and find putative
allergens (proteins interacting specifically with IgE antibodies
in the patient body) in a very short time as well as to analyze
qualitative and quantitative changes in antigens in dependence
on the environment leading to the allergic reaction.
An exemplary allergenomics starts with the protein
extraction after allergic reaction. The extracted proteins are
separated by two-dimensional electrophoresis and then
transferred to a membrane and led to interact with the patient
serum. Subsequently, the antigens specifically interacting with
IgE antibodies are detected. The next step is the “in-gel
digestion” with some specific proteases, mostly trypsin. The

This contribution is the result of the project implementation:
Centre of excellence for glycomics, ITMS 26240120031,
supported by the Research & Development Operational
Programme funded by the ERDF (50%). The financial support
from the Institutional Research Plan No. MO0FVZ0000501
from the Faculty of Military Health Sciences, University of
Defence, Czech Republic is greatly appreciated, too.
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Food safety from perspective of microbiology is getting
to be more important nowadays as incidence of foodborne
diseases caused by new emerging pathogens is increasing.
Microbiological criteria for foodstuffs and raw materials of
plant and animal origin are controlled in the EU according to
Regulation EC 2073/2005, but this regulation recommends
testing only for major pathogens such as Salmonella sp.,
Enterobacter sp., E. coli, Listeria monocytogenes and coagulase positive staphylococci. No legislative criteria are set up to
monitor the presence of other foodborne bacteria and viruses.
People are usually infected with ingestion of contaminated
food or water used for drinking or for washing.
Mycobacteria could be considered as possible thread for
human health in some cases. Mycobacterium avium subsp.
paratuberculosis (MAP) is an agent of the economically important disease in ruminants called paratuberculosis (Johne’s
disease). It is estimated that up to 50% of cattle herds in
Europe are infected1. The disease is also increasingly being
detected in wild ruminants. MAP is excreted into the environment via feces and milk of infected animals. Such contaminated environment could be the source of infection for other
animals2. MAP also features a long-term ability to persist in
the environment3. MAP is considered to play possible role in
the etiology of Crohn's disease in humans due to the similarity
of clinical symptoms with Johne’s disease and the clinical
trials4.
Group of alimentary food-borne viruses includes not
only human but also animal viruses that can infect humans.
Diarrhea, gastroenteritis or in worse cases severe liver inflammation (hepatitis) could be observed. Foodborne viral
infections are mostly caused by genera Norovirus (NoV) and
Hepavirus (HAV)5. Hepatitis E virus (HEV) is new emerging
pathogen, which is the leading causative agent of enterally
transmitted hepatitis non-A non-B worldwide. Outbreaks of
hepatitis E occur most commonly in developing countries with
poor sanitation conditions and are usually associated with
fecal contamination of drinking water or water for industrial
purposes6.
The aim of this presentation will be to provide an insight
into the field of microbiology with the respect to food safety.
New emerging pathogens and risk factors connected with their
spread will be discussed. Additionally, available methodologies applicable for the control of food quality will be
summarized and some cases will be presented.
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Magnetically driven separation techniques using microand nanosized magnetic solid carriers have become common
place in molecular diagnostics of microorganisms in recent
years. Magnetic separation is one of modern methods to speed
up and facilitate the previously used separation and
purification procedures.

Figure 1. A scanning electron micrograph of magnetic
nonporous P(HEMA-co-EDMA) microspheres1.

This work was supported by the Ministry of Agriculture (No.
MZE0002716202), the Ministry of Education, Youth and
Sports of Czech Republic (AdmireVet CZ 1.05/2.1.00/01.0006ED 0006/01/01) and by EC Grant Cost Action 929 ENVIRONET
.
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Rapid and sophisticated DNAisolation strategies are based
on the utilisation of solid phase systems selectively or nonselectively adsorbing genomic DNA. The sensitivity of PCR
may be reduced when this method is applied to complex biological samples (including foods) due to the presence of extracellular PCR inhibitors in tested samples. The problem can be
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solved by means of various isolation and purification methods,
such as solid phase reversible imobilization (SPRI) using
carriers. In previously published papers2,3 magnetic nonporous P(HEMA-co-GMA) poly(2-hydroxyethyl methacrylate
-co-glycidyl methacrylate) microspheres, P(HEMA-coEDMA) poly(2-hydroxyethyl methacrylate-co-etylene dimethacrylate) and (PGMA) poly(glycidylmethacrylate) ones were
success-fully used in the presence of high concentrations of
PEG 6 000 and NaCl for the isolation of DNA from various
samples containing polymerase chain reaction (PCR) inhibitors. Prerequsite for application of magnetic particles in
DNA analysis is their noninterference in PCR.
The aim of this work was to study the potential inhibition
effect of different types of commercial and non-commercial
magnetic and non-magnetic carriers on PCR course. Total of
25 types of nano-/micro-particles such as magnetic non-porous
P(HEMA-co-GMA), P(HEMA-co-EDMA), PGMA particles
covered by carboxyl groups, and thermosensitive nonmagnetic poly(N-isopropylacrylamide) microspheres –
P(NIPAAm)4 were tested. Real-time PCR (qPCR) was used
for an estimation of the PCR interference by comparing the
amplification efficiencies of purified DNA containing solid
nanoparticles with the DNA standards free of any nanoparticles. It was shown that most of carriers does not influence the
course of PCR. In second part, reversible DNA adsorption on
surface of magnetic particles was tested in the presence of an
aqueous phase system containing 16% PEG 6000 and 2 M
NaCl from complex samples, namely dairy products. The
quality and quantity of DNA isolated magnetic nano- and
microspheres were verified by PCR and real time PCR using
primers specific for domain Bacteria5 and genus Lactobacillus6. It was found out that the amount of isolated DNA
correlated with the content of -COOH groups on the
microspheres surface. Higher quantity of DNA was isolated
using microspheres with higher content of carboxyl groups.
From the results it can be conclu-ded that tested nano- and
microspheres are suitable for the PCR and qPCR ready DNA
isolations from different types of food samples.

4-L3
NEW INTEGRATED STRATEGY FOR QUICK
ANALYSIS OF PERSISTENT ORGANOHALOGEN
CONTAMINANTS AND POLYCYCLIC AROMATIC
HYDROCARBONS IN FOOD
KAMILA KALACHOVÁ, JANA PULKRABOVÁ,
TOMÁŠ ČAJKA and JANA HAJŠLOVÁ
Institute of Chemical Technology, Prague, Faculty of Food
and Biochemical Technology, Department of Food Chemistry
and Analysis, Technická 3, 166 28 Prague 6, Czech Republic,
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Presented study focuses on emerging ubiquitous environmental contaminants with emphasis on polychlorinated biphenyls (PCBs), brominated flame retardants (BFRs) and polycyclic aromatic hydrocarbons (PAHs) whose occurrence was
found out in food and feed and that might be transferred also
into human food chain. On this account, the request for the
occurrence data has been raised by the European Food Safety
Authority (EFSA) with the aim to advice the European
Commission on the risks that may pose these chemicals to human health1-4.
With regards to similarities in physico-chemical properties of these chemicals (good thermal stability, hydrophobicity, etc.) the “classic” analytical methods for determination
of PCBs, BFRs (e.g., polybrominated diphenyl ethers PBDEs), and PAHs in various types of complex food matrices
are often based on similar multistep sample preparation procedures which include non-selective isolation of lipids portion
from sample followed by various clean-up steps which are not
only laborious and time consuming but also require high
volumes of organic solvents5-7.
PCBs, PAHs, and BFRs suggested for this study are
semivolatile compounds amenable to gas chromatography
(GC). Nowadays, this separation technique hyphenated to
mass spectrometry (MS) represents the most preferred option
for their identification/quantification5,6. With regard to high
boi-ling points of target analytes, temperature resistant low
bleed high resolution capillary columns coated with non-polar
to medium polar stationary phases are employed. In addition
to this approach, reversed phase high performance liquid
chroma-tography (HPLC) with fluorescence detection (FLD)
comm-only employed in case of PAHs, although not all the
PAHs are fluorescent (e.g., cyclopenta[cd]pyrene and
benzo[j]fluor-anthene)7.
In this study, a new rapid, flexible, high throughput and
robust method for the simultaneous determination of above
mentioned compounds including among the others also
dioxin-like PCBs, 32 PAHs together with their methylated
analogues and emerging non-PBDE BFRs (e.g. decabromodiphenyle ethane, hexabromobenzene, bis(2,4,6–tribromphenoxy)ethane, etc.) in fish by gas chromatography coupled
to tandem mass spectrometry with triple quadrupole mass
analyzer (GC-MS/MS) was developed and validated. Homogenized sample was after addition of water shaked with ethyl
acetate and the transfer of analytes into organic layer was
further supported by addition of inorganic salts. Crude extract
was in the next step clean-up using silica handmade columns.
Compared to “conventional” approaches, up to 6
samples can be processed in less than one hour compared to 8
hrs needed for Soxhlet extraction and another 1 hr for GPC.

The financial support of the Ministry of Education, Youth and
Sports of the Czech Republic,grant No. 2B06053, and a longterm research programme MSM 0021622415 of the Ministry
of Education of the Czech Republic are gratefully
acknowledged.
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Moreover, the volume of an extraction solvent and consumption of other chemicals could be significantly reduced.
During the optimization of final instrumental analysis
different injection techniques (pulsed splitless and programmable temperature vaporization), chromatographic columns,
oven temperature programs and other related parameters were
tested with the aim to reached the best chromatographic separation of all target analytes and the lowest limits of quantification (LOQ) as possible. Further, the back flush mode
which enables to lower the chemical noise raising from the
potential „carry over“ effect, decrease the ion source contamination and prolong the column lifetime, was tested.
Together with all above mentioned facts triple quadrupole
mass analyzer com-pared to routinely used single quadrupole
or time-of-flight mass analyzer allows obtaining lower LOQ
that are necessary when relevant data concerning food contamination for exposure studies should be collected.
The key performance characteristics of the entire sample
preparation procedure together with the instrumental analysis
met the criteria applied in the European Union in food
contaminants control (SANCO document No. 10684/2009
originally designed for pesticides residues analysis but commonly applied also for other organic food contaminants)8. None
of recoveries was out of 70–120% range, the repeatability of
measurements was less than 20% for all analytes, even at the
lowest spiking level (1 µg kg-1).
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Humans are exposed to arsenic through drinking water
and such food as seafood and rice. The toxicity of arsenic is
highly dependent on its chemical form and oxidation state,
therefore the speciation analysis of arsenic plays an important
role in determination of its actual toxicity to living organisms.
Arsenic provides a very good example of the importance of
speciation in relation to toxicological aspects, because total
arsenic content does not provide complete information for
correct risk analysis. Nowadays, only some techniques and
their combination are used for arsenic speciation analysis.
A fundamental tool for speciation analysis has been combination of chromatographic separation techniques with element
specific detector (ICP-MS).
In general, inorganic arsenic compounds are more toxic
than the organic arsenic ones and the trivalent species are
considered to be more toxic than pentavalent species. As
known, inorganic arsenic is a confirmed human carcinogen
causing skin and bladder cancer. The major arsenic species in
drinking water are arsenate AsV and arsenite AsIII, both of
which have high acute toxicity. On the other hand, most
arsenic found in seafood occurs in relatively nontoxic organoarsenic forms such as arsenobetaine or arsenosugars. Inorganic
arsenic is metabolized by methylation in the liver and is
largely excreted via urine. Biomethylation seems to be a
crucial detoxification mechanism because the major methylated arsenic metabolites monomethylarsenic acid (MA) and
dimethyl-arsenic acid (DMA) are excreted and are less toxic
than inorga-nic arsenic species.
Rice has attracted a lot of attention because it is a staple
food in many countries and the major arsenic species in rice
are inorganic arsenic (AsV and AsIII) and organic one dimethyl
arsinate (DMA). As known, rice is grown under flooded
conditions and it is able to accumulate arsenic from the soil
and water.
This study was aimed at determination of arsenic species
in rice retailed at Czech food market to find eventual health
risk associated with the consumption of this food. Ten rice
samples were analyzed for their arsenic content by ICP-MS
after microwave-assisted acid digestion. As found, arsenic
content varied from 0,04 to 0,22 mg kg−1. Speciation analysis
was performed by HPLC-ICP-MS using anion exchange separation conditions. The key step of arsenic speciation analysis
is the extraction procedure to reach sufficient extraction
yields. In this work, the microwave-assisted extraction using
0,02 mol l-1 trifluoroacetic acid (TFA) was used for the extraction of arsenic species from milled rice powder. The sum of
the arsenic species extracted and determined by HPLC-ICPMS ranged from 86 to 100 % of the measured total arsenic
content. Inorganic arsenic and DMA were the predominant
arsenicals found in rice, inorganic arsenic ranged between 54–
78 % of the total arsenic content in rice.

This research was supported by grant from the European
research project CONffIDENCE (FP7-211326-CP) “Contaminants in food and feed: Inexpensive detection for control of
exposure” which is a part of Seventh framework program (call
KBBE-2007-2-4-02) and by financial Support from Specific
University Research (MSMT No. 21/2011).
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thermal decomposition of radical initiator (K2S2O8). The UVVIS was involved to monitor the content of polyphenols
(TPC) in the samples, formation of oxidation products in the
presence of thiobarbituric acid (TBARS value), together with
their •DPPH and ABTS•+ quenching and ferric ions reducing
abilities. Besides them, CIE Lab colour coordi-nates of all
samples were assessed under standardized condi-tions.
All samples showed significant antioxidant and radicalscavenging properties, generally, the higher for red wines,
without respect on the way of production. As expected,
the concentration of polyphenols in red wines was several
times higher than in white ones, being thus one of key factors
responsible for the observed differences between the red and
white wines5,6. As regards the capability of conventional wines
to reduce ferric ions, it was just slightly higher compared
to organic wines. EPR experiments proved that the ability
of conventional wines to scavenge TEMPOL free radicals was
significantly higher compared to organic wines. On the contrary, the higher capability to terminate •OH radicals was observed for organic wines compared to conventionally produced
wines.
First results indicate that the unequivocal differentiation
of organic wines from conventional wines represents still a
complex problem. All the experimental data will be after
the finishing of experiments that are still in progress processed
by multivariate statistics enabling comparison and correlation
of objective analytical data obtained by various methods.
Moreover, it could enable also the characterisation and differentiation of wine products according to their origin and way
of production.

The accuracy of the arsenic speciation procedure was
followed by analysis of the certified reference material NIST
CRM 1568a Rice Flour (National Institute of Standards and
Technology, NIST, USA) and it was found, that measured
data were in good agreement with certified values, what enables to use this method for evaluation of arsenic content species in the rice.
This work was kindly supported by a Standard project of
specific research No. FCH-S-11-7
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In the last decade organic viticulture in Europe has
noticed great progress. The main reason is the increased
consumers demand for organic wines, usually connected with
arguments of some experts that organic wines contain much
more health beneficial substances and should be therefore
healthier than the conventional ones. There are only few previous studies supporting these claims. However, there exist
some comparative studies of organic and conventional wines,
indicating that main differences between the organic and conventional grapes and wines are to be found especially in the
content of biologically active compounds, such as polyphenols
(i.e. trans-resveratrol, total phenolic compounds), organic
acids, biogenic amines, minerals and essential elements
(especially Ca, Fe, Mg and Cu)1-4. Therefore, the differences
in antioxidant activities of these wines could be expected.
In addition, with respect to organic viticulture sector
development, the legitimate demands on quality control and
authentication of organic grapes and wines have arisen.
Up to the present, there are still no validated methods applicable for the authenticity characterisation of organic wines and
their unambiguous differentiation from wines produced by
conventional methods. Thus, there is an urgent need to find
objective markers allowing clear distinction both types
of wines.
The objective of the present study was to evaluate
antioxidant/radical-scavenging activities and some other relevant characteristics of different Slovak organic and conventional wines originating from the same wine-making region. To
achieve these goals, methods of UV-VIS and EPR spectroscopy were applied. Antioxidant activity of wine samp-les was
tested by EPR spectroscopy using 2,2-diphenyl-1-pickrylhydrazyl (•DPPH) free radical, 2,2´-azino-bis-(3-ethylbenzthiazoline-6-sulfonic acid) cation radical (ABTS•+) and 4hydroxy-2,2,6,6-tetramethylpiperidin-N-oxyl free radical. The
ability of samples to terminate •OH radicals was tested directly
in the experimental system, radicals were generated via
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The romanian buffalo is exploited mainly for its milk
production and less for its meat production capability. Due to
its unique physical and chemical characteristics, buffalo milk,
is considered to have some advanteges to cow milk in the
manufacturing process of dairy products. Lipids are a major
component of buffalo milk with great implications in nutrition
and economical aspects. The nutritional value of buffalo milk
is derived form its complex chemical composition and its high
rate of asimilitation. The objective of this study is to identify
and quantify the fatty acids present in the buffalo milk of the
romanian buffalo breed and also for the cheese obtained by
employing a traditional manufacturing process. For the identification and quantification of fatty acids a Gas Chromatograph coupled with a Flame Ionization Detector was used.
Major fatty acids found in both milk and cheese were: palmitic
acid (16:0), oleic (18:1) and stearic (18:0). The ratio between
UFA/SFA was 0,3; lower than the threshold of 1,5 which is
considered not to raise negative health effects.

Pesticides are chemical substances used to protect food
crops against various pests. Under certain conditions their
residues may enter food chain and pose a health risk for
consumers. To avoid or minimize such negative effects the
MRLs (maximum residue limits) for various commodities are
set for a wide range of active ingredients of pesticide preparations by Regulation (EC) No 396/20051.
Multidetection methods capable to determine a large
number of pesticides simultaneously – in a single run – are
used for pesticide residues monitoring and/or MRL control.
The determination of GC-amenable pesticides in food samples
is traditionally performed by gas chromatography (GC) coupled to mass spectrometry (MS).
The aim of this study was to optimise and validate the
multiresidue method based on “QuEChERS” (Quick, Easy,
Cheap, Effective, Rugged, and Safe) approach based on (i)
acetonitrile – water partition (transfer of analytes into organic
phase is supported by inorganic salts) and (ii) dispersive SPE
clean-up of crude extracts. For identification and quantitation
of target pesticides, GC-HRTOF-MS system was used. Within
our experiments, the amount and the type of sorbents in
dispersive SPE were optimised for two common types of fruit
and vegetable matrices such as apples and lettuce.
For the purpose of validation, homogenized samples
were spiked at two concentration levels – 0,1 and 0,01
mg kg-1. The obtained recoveries were, in most cases, in the
range 70 % - 120 % and RSDs were below 20 %. The limits of
quantitation (LOQ) for most pesticides were below 0,01
mg kg-1. Matrix effects were eliminated by the use of matrixmatched standards for each matrix. The obtained performance
characteristics will be compared with those of obtained by
“classic” method employing ethylacetate for residues extraction and gel permeation chromatography for extract purification.
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used acidified water that we know from previous experiment
is necessary for good recovery for acidic pesticides and finally
also for prevention of degradation of other base-sensitive
pesticides. Thus we demonstrated that pH adjustment is sometimes appropriate also using buffered versions.

4-L8
MULTIRESIDUE ANALYSIS OF MORE THAN 300
PESTICIDES IN FOOD OF PLANT ORIGIN USING
LC-MS/MS: EVALUATION OF QUECHERS
PROCEDURES
JANA URBANOVÁ, RADKA KŘÍŽOVÁ, VOJTĚCH
HRBEK, ONDŘEJ LACINA, VLADIMÍR KOCOUREK
and JANA HAJŠLOVÁ
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Analysis of pesticides poses complicated tasks since
more than 800 pesticides representing various chemical groups
exists worldwide. Therefore, multiresidue methods have
became an effective tool for control of legislation limits
nevertheless none of them is appropriate for all existing or
registered analytes. However QuEChERS1 has been showed as
a great extraction procedure appropriate for LC and GC
amenable pesticides. Nowadays a lot of modifications of the
original version exist, and QuEChERS has become an official
method: citrate-buffering version was set by the European
Committee for Stan-dardization (CEN) as a Standard Method
EN 156622 and the acetate-buffering version became AOAC
Official Method 2007.013.
In this study, three versions of QuEChERS sample
prepa-ration method have been compared: original, citratebuffering and acetate-buffering, for 325 LC-amenable analytes
(pesti-cides and their metabolites involved in their residue
defini-tions).
Samples were processed according to procedures described in the literature1-3 and different commodity groups were
chosen according to the Document No. SANCO/10684/2009:
(i) High water content: apples and lettuce, (ii) High starch
and/or protein content and low water and fat content: wheat,
(iii) High acid content and high water content: oranges. Each
matrice was spiked at 0,1 mg kg-1 (0,3 mg kg-1 in wheat) in six
replicates, relevant matrix-matched standards were prepared
from blank matrices and analysed by ultraperformance liquid
chromatography coupled to triple-quadrupole tandem mass
spectrometry.
Results of our validation study for each version were
excellent; nevertheless few differences among the recoveries
in each version appeared. Figure 1 demonstrates that all versions are appropriate for almost all studied pesticides and their
metabolites. Differences were evident especially for acidic and
basic analytes and also for pesticides sensitive to pH value.
The acetate-buffered version achieved higher recoveries
for basic pesticides, presented in our experiments only by
pymetrozine. However recoveries of acidic pesticides that are
more often applied to protect crops (for example 4-CPA,
quinmerac, imazapyr) were lower in most commodities using
acetate-buffered version (see Figure 2).
Recoveries of pesticides known as base sensitive (tolylfluanid, dichlofluanid, thiodicarb) were lower than 20% using
both buffered versions. The reason is addition of water to dry
samples that is recommended by Document No. SANCO/
10684/2009. Nevertheless some base sensitive pesticides
degraded during swelling of wheat with non-modified water
foregoing buffered versions. In case of original version we
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Figure 1. Distribution of recoveries obtained during the
method validation for 325 tested pesticides in lettuce (six
replicates spiked at 0,1 mg kg-1).
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Figure 2. Distribution of recoveries of acidic and basic
pesticide in oranges (six replicates spiked at 0,1 mg kg-1).
The QuEChERS sample preparation method was demonstrated as a flexible and rugged approach that gave for most
pesticides excellent results using its different modifications.
To conlude, the acetate-buffered version of QuEChERS is not
very appropriate for the analysis of acidic pesticides; on the
other hand it is the best choice for the analysis of basic
pesticides – in our study represented only by pymetrozine.
However, acidic pesticides are more commonly applied for the
crop protection and therefore an original or citrate-buffered
version with pH adjustment that is in some cases necessary
(e.g. for the extra-ction of cereals, in this study represented by
wheat) is pre-ffered.
Financial Support from Specific University Research (MSMT
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4-L9
ANALYSIS OF FLAVONOID GLYCOSIDES AFTER
HYDROLYSIS WITH HPLC-DAD-ELSD METHOD
FOCUSED ON IDENTIFICACTION OF
SACCHARIDES

Table I, Standards of glycosides
Quercetin

R=H
R = glc (Quercetin 3-β-D-glucoside)

VĚRA JAVORKOVÁ and JIŘÍ PAZOUREK

R = gal ( Quercetin 3-β-D-galactoside)

Department of Natural Drugs, Faculty of Pharmacy,
University of Veterinary and Pharmaceutical Sciences,
Palackého 1-3, Brno, 612 00 Czech Republic
javorkova@email.cz

R = rha (Quercitrin)
R = glc-rha (rutinose) (Rutin)
Hesperetin R = H
R = glc-rha (rutinose) (Hesperidin)

The glycoside analysis presents an indivisible part
of a nature compounds analysis. The identification of both
basic parts (aglycone and carbohydrate), type of their chemical
bond and the position of glycosidic bond in polyhydrohylic
aglycone are essential for the determination of the structure.
HPLC-MS or GC-MS are the typical means of glycoside
identification. But the complete identification of a glycoside
is often impossible though usage of mass spectrometry (MS)
because of carbohydrate isomers. Than it can be used instrumentally difficult connection HPLC-NMR-MS, 2D NMR or
HPLC-PAD techniques. UV-VIS detector cannot be used for
the detection of carbohydrates because of absence of chromophore. Alternative RI detector can be used only in isocratic
conditions and it is low sensitive. Evaporative Light Scattering
HPLC Detector (ELSD) is detector suitable for carbohydrate
analysis with many advantages (high sensitivity, stable baseline, possibility of gradient elution)1-4.
This work is engaged in spreading possibilities of nature
compounds identification especially glycosides. The method
of separation and identification carbohydrates with the HPLCELSD enable differ saccharide isomers that is not possible
with one of the most used methods HPLC-MS. Acid and
enzymatic hydrolyses were studied in this work. The method
of detection saccharide units after glycoside hydrolysis was
developed on a model system of flavonoid glycosides formed
from two different aglycones with different bonded glycones
(Tab.I).
All the model compounds were hydrolysed to basic parts
which were detected. The enzymatic hydrolysis is very
specific method which depends not only on the type of
saccharide but also on its position. Full enzymatic hydrolysis
was obtained in hesperidin and neohesperidin, but not in 3-Oglycosides. The connection HPLC-DAD-ELSD represents
system able to iden-tify original glycoside and also aglycone
and sugar parts after hydrolysis. The column LiChrospher 100
DIOL was used for separation of compounds. The new created
experimental conditions enable to hydrolyse, separate and
identificate all the glycoside and its parts. The acid hydrolysis
is with respect to financial and time requirements cheaper and
faster method but enzymatic hydrolysis gives also information
about sequence of bounded sacharides and partially about
position of glycosidic bound. On the other hand specifity of
enzyme is limiting in hydrolysis of unknown glycoside.
The method was used for identification of unknown
compound isolated from Polygonum lapathifolium (Polygonaceae). The acid hydrolysis demonstrates presence of galactose bounded to kaempferol. The glycoside was not enzymatically hydrolysed so we can suspect that galactose is bounded in position 3 of the flavonoid. These results were also
confirmed by GC-MS analysis.

R = glc-rha (v pol.2) (Neohesperidin)
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BENZO[A]PYRENE PHOTOOXIDATION IN NONPOLAR FOOD MATRIX.
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Polycyclic aromatic hydrocarbons are permanent contaminants found in various foods as a result of technological
procedures carried out at elevated temperatures such as
grilling, drying, frying and mainly smoking1,2. The toxicity of
these compounds can be increased by solar radiation which
induces formation of reactive oxidised products3,4. As known,
PAH contain two or more conjugated benzene rings in
molecules that facilitate the absorption of ultraviolet A radiation (320–400 nm), ultraviolet B radiation (290–320 nm), and
in some instances, visible light (400–700 nm). This leads to
photoactivation of PAH and increase their toxicity via the
photosensitized production of singlet oxygen, and photomodification of original molecules, that results in formation of
oxy-PAH compounds5,6. Many of products generated through
the photooxidation exhibit greater toxicity than the parent
PAH and have the potential to generate toxic compounds that
s994

Chem. Listy 105, s871 – s1072 (2011)

Food Chemistry & Biotechnology – Oral Presentations

could negatively impact living systems and human health. The
most representative compound of PAH group is benzo[a]pyrene (BaP) due to its carcinogenic effects to living organisms7.
BaP was dissolved in glyceryl trioctanoate, heated in a
glass reaction vessel within temperature range 297,95 – 361,85
K with heating rate of 1 K/min and simultaneously exposed to
UV light at wavelength λ = 365 nm at radiation power 20
mW cm-2 in order to study the decrease of BaP concentration
due to its photooxidation. The concentration of BaP was determined by the HPLC-FD periodically in 5 min intervals.
As observed, the BaP concentration decreased from 62,2
µg l-1 to 19,8 µg l-1. From the experimental results, the parameters characterizing the non-isothermal kinetics of BaP
photooxidation have been obtained. The parameters were
tested at two various isothermal conditions (290,16 and 323,26
K) to verify a suitability of derived parameters. Comparing
calcu-lated and measured data of half-lives of BaP decrease at
mentioned temperatures it was found that calculated half-lives
are in a good accordance with those experimentally obtained
values, when relative standard deviations at 290,16 K was
17,0% and 5,4 % at 323,26 K, respectively. The kinetic parameters enable the calculation of the rate constant for any
temperature in isothermal regime and make possible to model,
in general, the kinetics of such processes without a deeper
insight into their mechanisms.
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DETERMINATION OF BIOLOGICALLY ACTIVE
COMPOUNDS IN FLAXSEED (LINUM
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Flaxseed has been widely used in human nutrition as a
functional food for thousands of years, while flax oil (more
commonly known as linseed oil), because of its strong flavor
and limited stability, has a predominant usage in industrial
applica-tions1,2. The presented study has been conducted within
the Project “Flaxseed for human health” which aims to breed a
flaxseed with higher levels of the oleic acid at the expense of the
unstable α-linolenic acid and, thereby, make conditions for a
broad use of flaxseed oil in food and medicine. In order to
assess health benefits / risks associated with flaxseed consumption, also biologically active compounds present in this crop,
namely phytoestrogen secoisolariciresinol (SECO), carotenoid
lutein and cyanogenic glycosides were determined in several
cultivars grown under various conditions. For this purpose, high
performance liquid chromatography coupled with diode array
detector (for determination of SECO and lutein) or with tandem
mass spectrometry detector (for determination of cyanogenic
glycosides) was evaluated and validated. Total levels of SECO
ranged between 1,4 – 8,7 g kg-1, of lutein 0,5 – 8,2 mg kg-1 and
of cyanogenic glycosides 1,0 – 7,5 g kg-1. Results were used to
assess the impact of the variety, cultivation, and growing
conditions on the levels of these compounds.
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The amino acids increased significantly with the storage time,
especially in GDL variety.

4-L12
AMINO ACIDS DETERMINATION IN DRY
FERMENTED SALAMI
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Curing is a conservation technique widely used since
antiquity to prolong the life of food products. Rapid curing
processes used in the manufacture of dry cured sausages,
allowing the meat industry to reduce the costs associated with
a long curing process, results in the loss of the typical organoleptic characteristics in the final product. Meat fermentation is
a low energy, biological acidulation, preservation method
which results in unique and distinctive meat properties such as
flavor and palatability, color, microbiological safety, tenderness. The study of starter cultures and the influence of salt
concentration, ripening time and the different curing ingredients are important in the quality of fermented sausages1.
Free amino acids content is directly related to the meat flavor
and taste2. Meat consumers and processors are interested in
the development of efficient and economical technology for
proce-ssing meat into a product that is palatable and
reasonable in cost3. A gas chromatography mass spectrometric
technique was used for the quantitative characterization of
amino acids in different steps of salami processing. Several
batches containing 0,3% GDL (glucono delta-lactone) and
0,05% sodium ascor-bate, and several batches to which was
added only 0,1 % sodium ascorbate were manufactured.
The aim of the work was to determine the content of free
amino acids at different time intervals over 45 days of storage.
The extraction procedure was followed by a suitable derivatization method, to separate and to identify the amino acids
extracted from salami samples. Quantitation was obtained by
using 15N-methionine (15N-Met) as internal standard by selecting the specific ions m/z 171 and 172 from the mass spectrum
of Met and respectively of labeled methionine.
Amino acids were purified on Dowex 50W-W8
exchange resin, eluted with NH4OH 4M and derivatized. The
N-trifluoro-acetyl n-butyl ester derivatives were obtained by
following a two step derivatization method, esterification at
the C terminal edge and trifluoroacetylation at the N terminal
one4. The measurements were performed by gas chromatography mass spectrometry (GC-MS) using a Trace GC equipped with a Rtx-5MS capillary column (30 m x 0,25 mm,
0,25 µm film thickness) and coupled to a Trace DSQ ThermoFinnigan quadrupole mass spectrometer. The oven temperature program for separation of amino acids trifluoroacetyl
butyl esters was: 50oC for 1 min, 6oC/min to 100oC, 4oC/min
to 200oC, 20oC/min to 300oC, for 3 min. Helium 5.5 was used
as carrier gas, with a flow rate of 1 ml.min-1.
Differences in amino acid levels at different days
of storage were determined in the dry fermented salami.

4-L13
PRODUCTION, ISOLATION AND APPLICATION OF
POLYHYDROXYALKANOATES – BIODERADABLE
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Polyhydroxyalkanoates (PHA) are a group of polyester
materials which are accumulated in the form of intracellular
granules by a wide variety of bacterial strains. Due to their
mechanical properties similar to those of plastics of petrochemical origin and their biodegradability, PHA are considered being an environmentally-friendly alternative to
common plastics such as polyethylene or polypropylene.
Moreover, thanks to their biocompatibility, PHA find many
potential applications in medicine1.
In terms of chemical structure, PHA are polyesters
of hydroxyalkanoic acids. Up to date, more than 100 monomers have been found in the naturally synthesized polyester
polymers2. Mechanical properties of PHA strongly depend on
monomer unit composition. Homopolymer of 3-hydroxybutyrate, poly(3-hydroxybutyrate) (PHB), which is the most
ubiquitous PHA in nature, possesses highly crystalline structure that makes it relatively stiff and brittle. Also the fact that the
melting point of PHB (173-180°C) is close to the temperature
of decomposition (approx. 200°C) has impractical consequences. Nevertheless, mechanical properties of PHA can be
signi-ficantly improved by incorporation of other monomer
units into PHA structure3.
This work is focused on production, isolation as well as
on application of polyhydroxyalkanoates as delivery systems
for selected bioactive substances.
In our work we studied biotechnological production
of PHA from various waste substrates such as cheese whey
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or waste frying oils. This strategy should result in reduction
of production cost of PHA. Further, we tested involvement
of PHA into stress response of bacteria and we observed that
introduction of stress condition caused by ethanol or hydrogen
peroxide significantly enhanced PHA yields. Thus, simple
application of cheap substance significamtly improved PHA
production process. We decided to look into metabolic
metabolic details and we observed that stress response
of bacterial strain to either ethanol or hydrogen peroxide
involves activation of PHA biosynthetic pathway. Moreover,
molecular weights of PHA accumulated under stress
conditions were significantly higher. Hence, application of
cheap substance facilitated significant improvement of both
PHA yields and mechanical properties. Furthermore, introduction of propanol enhanced both biomass and PHA yields
when produced on waste oils and also resulted in incorporation of 3-hydroxyvalerate as a monomer into polymer
structure.
Besides cost of carbon source, one of the most important
factors contributing to production price of PHA is the cost
of down-stream process4. Therefore, a lot of afford have been
made to improve such a process. We have developed environmentally-friendly isolation protocol based on controlled application of enzymes and surfactants into the cultivation media
after the end of cultivation. During the isolation process, nonPHA biomass is digested and solubilized while PHA stays
untouched. The purity of PHA materials isolated in this way
reaches up to 95%.
Microparticles made from polymers are considered being
very promising delivery systems for various pharmaceuticals.
They can be injected into blood stream, administrated subcutaneously or intramuscularly and adapted for oral administration
or inhalation. As compared to chemically produced polymers
such as polyglyconate, polylactate etc., which are mostly well
known as biologically degradable drug carriers with good
retarding characteristics, PHA have advantages that they are
easily processed, fully biologically degradable and compatible
with animal and human tissues5. We have been working on
development of PHA based delivery systems for native
proteins. Various phase ratios, PHA and enzyme concentrations as well as type of emulsifier were tested in order to
optimize process of PHA microspheres production. We have
reached relatively high efficiency of encapsulation process
(about 70 %). Microparticles were able to release native
protein when incubated in physiological buffer and the release
followed Higuchi equation for diffusion of drugs from
spherical matrices.

Ueda H., Tabata Y.: Adv. Drug Deliver. Rev. 55, 501
(2003).
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Occurrence of mycotoxins in silages, forages, and other
complex feeding mixtures has an adverse effect on animal
health. Supposing the transfer of parent toxins and/or their
metabolites into edible tissues, eggs or milk, also the consumers’ health might be indirectly influenced1,2.
In the case of silages and forages, their mycotoxicological quality can be significantly worsened under the
incorrect agricultural practice conditions; poor anaerobic conditions during silage making can lead to instability of low pH
and follow-up growth of fungi, including the toxinogenic
species. Although several studies concerned with mycotoxins
in feed have been already published3-5, the overall knowledge
is fairly less extensive in comparison with cereal grains
(wheat, barley, maize), whose analysis is not as complicated
as in the case of fermentated feed and complex feeding mixtures.
The aim of presented study was to develop and validate
a simple and sensitive analytical method for determination of a
wide range of mycotoxins such as trichothecens, zearalenones,
aflatoxins, alternaria toxins, ergot alkaloids, enniatins, beauvericin, fumonisins, citrinin, ochratoxins, sterigmato-cystin,
verrucarol, gliotoxin, roquefortin C, penitrem A, penicilic
acid, and mycophenolic acid in forages and silages, and
employ this method for identification and quantificaton of
these mycotoxins in real life feed samples.
At the beginning of method development, four most
common extraction procedures were tested: (i) acetonitrile:water (50:50, v/v) extraction, (ii) QuEChERS based
extraction (formerly widely known from pesticides residues
analysis area, but nowadays, commonly applied for analysis of
mycotoxins6), (iii) extraction with pure acetonitrile, (iv) extraction with pure acetonitrile followed by water dilution (in this
particular case, water addition causes precipitation of polar
matrix co-extracts which improves purification of sample
extract).
As seen in Figure 1, the lowest amount of matrix coextracts demonstrated as total ion current (TIC) response was
obtained for acetonitrile extraction. In this particular case, the
matrix effects for particular analytes did not exceed ±18%,
and also recoveries gained from analysis of spikes ranged
from 82 to 116%. However, as we uncovered later, when analysing real silage samples, pure acetonitrile was not able to
properly extract naturally occurring mycotoxins. Based on this
fact, the QuEChERS based method was chosen as the best
alternative.
To ensure the acidic pH of extract necessary to proper
extraction of acidic analytes typically occurring in silages (e.g.
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fumonisins, mycophenolic acid, penicillic acid) even in case
of highly fungi contaminated sample (pH of „hot spots“ is
often >7), addition of formic acid into the extraction water was
optimized as 1%. Matrix effect ranged between -56 and 37%,
recoveries of most of analytes lied between 76 and 122%.
For the purpose of analytes separation and detection,
ultra high performance liquid chromatography coupled with
ultra high resolution Orbitrap mass spectrometry (UHPLC–
orbitrapMS), and ultra high performance liquid chromatography coupled with tandem Qtrap mass spectrometry
(UPLC–QtrapMS/MS) were used. Detection potential of both
of the methods will be discussed.
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Tea (Camellia sinensis) represents a popular beverage
worldwide. However, it might be also considered as a potential source of human exposure to pesticides. During recent
years, contamination of tea by pesticide residues has been
reported by Rapid Alert System for Food and Feed. The insecticides such as fenvalerate, cypermethrin, fenpropathrin,
buprofezin and triazophos were found most frequently in this
commodity1.
The current approaches for the analysis of pesticide
residues in foods are commonly based on gas and/or liquid
chromatography coupled with mass spectrometry (GC–MS,
LC–MS, respectivelly) procedures enabling selective, sensitive and robust determination of a broad range of target
compounds. Although LC–MS methods combined with
QuEChERS sample preparation strategy have been developed
for tea2, GC–MS analysis has always been complicated due to
the high complexity of tea matrix. In the initial part of our
study, we observed presence of a high amount of coextracts
(e.g. caffeine) when preparing the sample extracts using
QuEChERS method for subsequent GC–MS analysis. On this
account, we focused on streamlining the sample preparation in
order to eliminate the most of the matrix interferences and
improve the performance characteristics of this method.
The implemented method involves QuEChERS-like
sample preparation procedure using (i) acetonitrile as an extraction solvent, (ii) dispersive solid-phase extraction (dSPE)
clean-up, and (iii) liquid-liquid extraction (LLE) of target
analytes into hexane. GC–MS was then used for identification
/ quantification purpose. Within the method development, the
type and amount of sorbent for dSPE as well as LLE parameters were optimized, taking into account the need of matrix
co-extracts reduction. Two performance characteristic achievable by two alternative mass analyzers – high resolution time
of flight and tandem ´triple qadrupol´ were critically assessed.
For approx. 100 pesticides tested at a spiking level
0,1 mg kg-1 the recoveries were in the range 70–120%, and
repeatabilities (expressed as RSD) were below 20%, what
means criteria of SANCO/10684/2009 document were met.
The applicability of the new method was demonstrated by
analysis of 45 commercial tea samples.

Figure 1. TIC of four proposed methods by UHPLC–
orbitrapMS.
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Large quantities of both liquid and solid wastes are
produced annually by the food processing industry and their
disposal into soil or landfills poses significant environmental
and ecological problems because of its relatively low pH.
Wild and cultivated berries are widely used as raw
materials for juice maker industry in Europe. A major coproduct during juice production is the pressing residue called
pomace, which consist of the pulp/peel fraction and the seeds
of the berries. The pomace still contains a significant amount
of the fruit functional components, such as polyphenols,
proteins, polysaccharides, fatty acids and phytosterols. Available studies of berry pomace concern the properties of phenolic compounds, antioxidant activities and fibre, but few reports
relate to lipid compositions.
The objective of this study was to evaluate the phytosterol composition, using gas chromatography (GC) with
flame ionization detection (FID), of five different Transylvanian (Romania) berries pomace: wild and cultivated
blueberries (Vaccinium myrtillus), wild lingonberries (Vaccinium vitis-idaea) and raspberry (Rubus idaeus) and cultivated
chokeberry (Aronia melanocarpa). Samples were collected in
our labora-tory after the fruits had been pressed.
The fat content was 5% in the blueberries and
lingonberry pomaces (fresh weight, f.w.), 6% in chokeberry
and 10 % in raspberry pomaces. The highest amount of sterol
(168,21 mg/100g fat) was determined in lingonberry pomaces
and the lowest concentration (101,68 mg/100g fat) was
detected in cultivated blueberry pomaces. The major sterol in
the studied pomaces was β-sitosterol, which comprised ca. 55
% (lingon-berry) –74% (chokeberry) of the total phytosterol
content. The next major components were stigmastanol with
isofucosterol. Cholesterol was detected in relative high
concentration only in cultivated blueberries pomaces (5,2
mg/100g fat).
The total sterol concentrations in studied berry pomaces
were comparable with the total sterol amount from the olive
oil (150-160 mg/100g oil).

Following the Mexico Gulf oil spill (April 2010), AOAC
INTERNATIONAL launched the call for submitting rapid
analytical methods suitable for quantification of polycyclic
aromatic hydrocarbons (PAHs) in the raw edible portions of
fin fish and seafood. The purpose was to carry out evaluation
through the AOAC Official Methods SM program and, supposing the collaborative study is successful, replace existing
´conventional´, time and labour demanding methods, by the
´new´ one. Having a rapid method is essential for quick determination of contaminants in food, especially after environmental disasters.
Within the CONffIDENCE project (Contaminants in
food and feed: Inexpensive detection for control of exposure)
efficient, cheap, rapid and simple multiresidue analytical
method for simultaneous determination of PAHs, polychlorinated biphe-nyls (PCBs) and polybrominated diphenyl ethers
(PBDEs) in fish and seafood samples was developed. This
method based on rapid ethyl acetate extraction (partition
supported by inorganic salts addition), followed by clean-up
on silica SPE mini-column need for sample preparation (including extraction, clean-up and concentration prior to the gas
chromatography-mass spectrometry (GC-MS)) about 30 min
and multiple samples can be processed at the same time.
Identification and quantitation is performed using GC-MS in
original procedure with time-of flight analyser. The method
was validated for 32 PAHs incluting both EU and EPA PAHs
and also their methylated analogues, 18 PCBs (dioxin-like)
and 7 major PBDEs. The recovery and repeatability (expressed as relative standard deviation RSD,%) of the developed
method, were determined for six replicates of the two different
matrices (fish and shrimps) spiked with target analytes at two
n levels of 1 and 5 μg kg-1. For fish, the PAH recoveries
ranged from 73% to 97% with RSDs of 2-13% and for shrimp
from 73 to 109% with RSDs of 2-15%. The method trueness
was verified by analysis of a NIST Standard Reference
Material 2977 (mussel tissue) sample, with results being
within the certified values. Limits of quantitation (LOQs) for
BaP was 0,05 µg kg-1 and 0,05 to 0,25 µg kg-1 for the other
studied PAHs. Because of the different types of MS
techniques used by the collaborators GC-MS and GC-MS/MS
for determination of target analytes were also tested.
This efficient, cheap, rapid and simple method had been
submitted to the AOAC and of 30 reviewed submissions PAH
Working Group on Quantitative Methods recommended the
ICT Prague method as the most promising candidate.
The purpose of the collaborative study is to evaluate the
method’s intra-laboratory and inter-laboratory performance.
The results of this study will be submitted to the AOAC
INTERNATIONAL for adoption as an Official Method for the
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determination of PAHs in seafood. In the study all together 19
analytes (14 US EPA PAHs and 5 methylated homologues)
were included which were tested on three seafood matrixes
(mussels, shrimp, and oysters).
Fourteen laboratories participate in this study. The
Collaborative study consist of two parts: i) Laboratory qualification and ii) Analysis of Test Materials. In the laboratory
qualification phase, the collaborators were conducted seven
steps to check their GC-MS and solvent evaporation conditions, selection of appropriate silica SPE column (with low
background), reagent blank contamination and familiarize
themselves with the method. Also some problems/difficulties
during the qualication part were established. As a first step GC
separation of critical pairs (benzo[a]pyrene and benzo[e]
pyrene, anthracene/phenanthrene and benzo[b]fluoran-thene,
benzo[j]fluoranthene and benzo [k]fluoranthene) was tested.
Most problematic was the third step - evaporation test because
of the presence of highly volatile naphthalene. The absolute
recoveries of all analytes have to be above 70%. The problem
with volatile compounds was resolved using keeper in both
evaporation steps and optimalized evaporation. The fourth
step was determination of the elution profiles of PAHs and fat
on in-house prepared or commercially obtained silika SPE
columns. The next problematic step for some participant
laboratories was procedure blank test because of high background contamination of naphthalene in the laboratory. The
sixth step was low level spike test on shrimp matrix where
participants prepared and analyzed spiked samples with concentration of BaP 1 µg kg-1. The recoveries of this test were in
range 75-120% and no problems were detected. But in the last
step where practice samples (two spiked samples of shrimps
and one sample of SRM1974b-mussel tissue) were analyzed,
problems with recoveries were detected. No problem with
recoveries was detected when analyzed mussel tissue, but low
recoveries (40-60) were obtained when analyzed samples of
shrimps spiked few weeks ago and stored in a freezer. After
this finding, few experiments for resolution of this problem
were prepared. This problem will be discussed in the lecture.
Nowadays the first part of the collaborative study is completed
and the second part will started in next few days.
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Many varieties of foods of animal or plant origin are
sources of biogenic amines. Tyramine is natural component
of banana, cheese, and avocado, and bacterial action on the
amino acids found for istance in meats and fish in which can
be produced putrescine and cadaverin. Of course, also, histamine and ß-phenylethylamine have been implicated as ethiological agents in several outbreaks of food poisoning1.
Tyramine content can be high in oriental preserved foods
such as soy sauce, soybean paste, and various condiments.
The tyramine presence in cheeses can be associated with the
presence of desirable or undesirable bacteria like genus
Entero-coccus2,3. The aim of this study was to (i) identify
enterococci isolated from the ewe´s milk lump cheeses from
the market vet in Košice, particularly the Enterococcus
faecalis and E. faecium; (ii) also evaluate them for the
presence of tyrdc gene (tyrosine decarboxylase gene) responsible for the produ-ction of tyramine, (iii) from the identified
enterococci to detect the tyramine production in medium
according to MAIJALA (1993)4-6, and (iv) to detect the tyramine content in ewe´s milk cheeses used in the experiment by
ion exchange chromatography.
In this study, the presence of Enterococci spp. grown on
Slanetz-Bartley agar plates from cheeses made from ewe’s
milk was investigated7. The Gram positive catalase negative
bacilli identified in this study belonged to the Enterococcus
species. A multiplex PCR reaction was used for confirmation
of isolated bacteria. Out of 34 isolates, 17 strains (50,00%)
were identified as Enterococcus spp., 17 isolates due to lack
of identification by PCR method. In further investigation,
the confirmed isolated strains by PCR method (88,24%
E. faecalis and 5,88% E. faecium, and 5,88% Enterococcus
spp.) were studied for the presence of tyrdc gene responsible
for tyramine production. In all isolated strains of Enterococcus
spp. (100%) were found to carry the tyrdc gene responsible
for tyramine production. The same results were achieved with
the tyramine production by the isolated strains (mentioned
above) in medium according to Maijala after incubation at
15°C and 6°C for 1, 2, 3, and 6 days.
The detected content of tyramine in the ewe´milk lump
cheeses included in the experiment reached the mean value
of 24,27 mg kg-1 (3,70 – 68,20 mg kg-1).
The ability of enterococci to decarboxylase amino acid
tyrosine onto tyramine, and the presence of tyrdc gene for the
tyramine production appear to be a marker of food safety that
enhances the ability of isolates to cause food-induced traits
in humans being.
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Education, Youth and Sports of the Czech Republic
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μg kg-1, 0,122 µmol l-1 and 0,118 µmol l-1) and arsenic in milk
(0,006 µmol l-1 ≅ 0,45 μg kg-1).
Cadmium concentrations did not vary greatly between
the samples evaluated, suggesting that this compound passed
through the blood into the lambs and only limited concentrations (mean value 0,002 µmol l-1) were observed in milk
(from 0,001 µmol l-1 to 0,002 µmol l-1 ≅ 0,12 to 0,22 μg kg-1).
Overall cadmium concentrations were comparable to values
reported in literature and were below the maximum limit of
10 μg kg-1 (Codex Alimentarius of the Slovac Republic,
2006).
The highest concentrations of lead were detected in
lambs (0,152 µmol l-1), following milk and ewe´s serum,
respectively (0,014 µmol l-1 ≅ 2,63 μg kg-1 versus 0,128
µmol l-1).
Experimental results also showed different patterns of
heavy metal contents in milk and serum of ewe and lamb
among the samples received from different part of the East
Slovakia. The area of ewe´s farms were located in the part of
Slovakia, in which in the 80-ies the higher content of heavy
metals in the environment was detected.
EU regulations have not yet fixed limits for arsenic in
milk or dairy products. Our results showed that the lowest
concentration of arsenic was observed in milk (0,017 µmol l-1
≅ 1,23 μg kg-1), and the highest content was observed in serum
of ewes and lambs (0,16 µmol l-1 versus 0,127 µmol l-1,
respectively).
Differences in the detected heavy metals concentrations
in evaluated samples were in correlation with the industrial
areas in which farms were located. Concentration of heavy
metals in samples evaluated by AAS documented the presence
of heavy metals not only in the blood serum of experimental
ewes and their lambs but also in the milk from the area with
low pollution index (e.g. cadmium 0,1 µmol l-1 in ewe´s
serum, 0,002 µmol l-1 in milk ≅ 0,22 μg kg-1, and 0,09 µmol l-1
in lamb´s serum, respectively). This effect can be caused by
the wind orientation, and its speed.
Despite the exposure of Slovakian consumers to lead,
cadmium, and arsenic was not superior to the TDI. The mean
daily intake for all heavy metals investigated in ewe´s milk
was lower than stated mean daily intakes in some EU
countries, and it was less than 1% of the estimated mean daily
intake (8,76×10-8 mg day-1 for cadmium, 1,15×10-6 mg day-1
for lead, and 1,97×10-7 mg day-1 for arsenic, respectively)5.
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The estimation of the risk associated with dietary intakes
of heavy metals residues by the consumer is an integral part of
regulatory processes. Slovakia is a country with very well
sheep farming programme and ewe´s milk is very popular for
the cheese making.
The aim of this study was to evaluate the concentrations
of lead, cadmium, and arsenic in ewe´s milk and blood serum
of ewes and their lambs, and to compare the possible exposure
of these heavy metals to the tolerable daily intake (TDI)1,2.
Milk and blood samples were collected from ewes and
their lambs in five farms in East part of Slovakia. Four of
these farms are situated in an area with high pollution index
and one in the area with low pollution index served as control3,4.
Concentrations of heavy metals present in milk (density
1,035 g cm-3) and blood serum were studied by using graphite
furnace atomic absorption spectrometry (AAS).
Data of this experimental work showed that heavy metals such as lead, cadmium and arsenic can be still present in
raw ewe´s milk for further processing used for human consumption.
The compounds detected at lowest concentration were
cadmium in milk, ewes and lambs serum (0,018 µmol l-1 ≅ 0,2
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fied method from ref. 7 and expressed in mg of gallic acid in
fresh fruit weight.
The concentration of selected elements was determided
using ICP-MS Thermo X-series Quad after mineralization of
fruit samples (nitric acid and hydrogen peroxide) in
microwave oven Milestone 1200. For sample introduction
CETAC autosampler ASX 520, peristaltic pump (50rpm) and
traditional Meinhard nebulizer with a conical spray chamber
cooled at 5°C were used. The experimental conditions of ICPMS were following: cool gas flow 13 l min-1, auxillary gas
flow 0,7 l min-1, nebuliser gas flow 0,9 l min-1, forvard power
1300 W, reflected power < 5W. Oxide ions (CeO+/Ce+) and
doubly charged ions Ba++/Ba were less than 3%. Calibration
of the instrument was done using dilluted standards of metals
of interest.
Antioxidant activity of the samples were investigated by
Electron paramagnetic resonance spectroscopy, using stable
radicals 1,1-diphenyl-2-picrylhydrazyl (DPPH)2
Among cultivars of each fruit were found discernible
variances in all studied parameters.
Content of vitamin C ranges between 715,6–3100 mg per
kg of fresh sea buckthorn berries and 198,5–433 mg per kg of
fresh cornelian cherry fruits.
Values of total polyphenols expressed in gallic acid
equivalents were varying from 1,038 to 3,009 mg kg-1 in sea
buckthorn berries and from 1195 to 6479 mg kg-1 in cornelian
cherry fruits.
In investigated fruits sixteen elements were analysed.
The results shows that sea buckthorn and cornelian cherry are
rich sources of boron, zinc and manganese. Little differences
in elemental composition between cultivars were discovered.
None of the samples did not exceed concentration limits for
toxic elements (As, Cd, Pb) according to czech legislation.
Antioxidation properties of the samples in presence of
˙DPPH was quantified by comparsion of ˙DPPH relative
concentration in time 14 min after mixing with the sample2.
Cornelian cherry fruits have higher antioxidant activity than
sea buckthorn berries. Among each cultivars of cornelian
cherry significant differences (up to 40 %) in radical
scaveging activity were found. Sea buckthorn shows slightly
lower antioxidant activity but it has much smaller differences
between each cultivar (approx. 10 %).
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Sea buckthorn (Hippophae rhamnoides L.) is a kind of
hardy bush with orange oval berries, naturally distributed in
various regions of Asia and Europe. Due to the multiple
positive effects, including lowering plasma cholesterol level,
inhibiting platelet aggregation, promoting the cure of injuries
on skin and mucosa, regulating immune function, and
anticancer effects, many medicinal preparations of sea
buckthorn have been used in clinical practice and traditional
medicine in many countries. Recently, the nutritional value of
the berries has also been recognized in the western world
because of their special chemical composition. Sea buckthorn
berries contains many nutritious substances: flavonoids, lipoid
substances, triterpenes, phenolic acids, sterols, sugars, vitamins, etc. It’s suitable for production of juices, sirups, preserves, jams, candies, tea mixes and other. It takes a place in
cosmetics too.
Cornelian cherry (Cornus mas) is a shrubby species of
cornels native to southern Europe and southwest Asia with
characteristic yellow blossoms and dark red oval stone-fruits.
Fruits from several Corpus spp. have been used for improved
liver and kidney functions. It is also reported to have antibacterial, anti-microbial and anti-allergic properties. From a
nutritional point of view is a source of different type of sugars,
anthocyanins, vitamins and other biologically active substances. In the past, the cornelian cherry was plentifully utilized
for production of preserves, jams or spirits.
Nowadays, these species of small berry fruit, also called
superfruit, are not utilized a lot in food industry, unless they
have a big potential to be a good source of biologically active
substances which are important for humans health and can be
suitable as raw material for various kinds of functional food.
Both species are unassuming for soil and climate requirements
and readilly grows in our latitudes.
This work is focused on characterization of 7 varietes of
sea buckthorn and 9 varietes of cornelian cherry grown in the
experimental orchard of Brno Mendel University. Dry matter,
titrable acids, nutritionally important and toxic elements,
content of vitamin C, total polyphenols and total antioxidant
activity were determined.
Vitamin C was estimated as L-ascorbic acid by modified
standard method1. After extraction with metaphosphoric acid
solution the content of vitamin C was determined by HPLC
with UV detection at 254 nm. For the separation the Gemini
C18 column and mobile phase consisting of phosphate buffer
with 10 % of methanol were used.
Dry matter of fruits was determined by drying at 70 °C
to constant weight. Titrable acids were estimated by titration
with sodium hydroxide and expressed as grams of malic acid
in fresh fruit weight.
The total polyphenolics content using Folin-Ciocalteau‘s
reagent were spectrophotometricaly determined using modi-
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The degradation of poly(ε-caprolactone) (PCL) by the
action of enzymes – lipases was recognized already in 1977 by
Tokiwa et al.1 Lipases function as depolymerases cleaving the
long polymer chains up to the formation of lower-molecular
products such as oligomers and monomers2. These oligomeric
products become water-soluble and hence diffuse readily to
the aqueous medium during surface erosion. Monitoring of
these released products gives qualitative as well as quanitative
evaluation of degradation process. Oligomeric products were
detected by gel-permeation chromatography (GPC)3, the
monomeric ones were analysed by a solid-phase microextraction method in combination with gas chromatographicmas spectrometric determination (GC-MS)4.
This work reports on the determination of possible
degradation products released from PCL films aged in the
presence of lipase-type enzyme by means of the gas
chromatographic-mass spectrometric analysis. The analysis
was performed on HP-6890 gas chromatograph equipped with
the mass spectrometric detector HP-5673. HP-5MS column
(30 m x 0,25 mm x 0,5 μm, film of bonded 5 % phenyl, 95 %
dimethylpolysiloxane, Hewlett-Packard, Waldbronn, Germany) was used. PCL substrate in the film form (Mn = 19 300
g/mol) was added to a phosphate buffer system with pH = 7
containing 0,05 mg ml-1 Aspergillus sp. lipase with the initial
enzymatic activity of 0,3 mmol min-1 ml-1. The degradation
experiments were carried out for 42 days at 37 °C. For
analyses purpose, the aliquots of buffer solution, used in
degradation tests, were withdrawn in certain intervals and
extracted with dichloromethane. Subsequently, the presence of
ε-caprolactone was confirmed in the extracts. The decrease in
the amount of ε-caprolactone (18,1 – 0,65 μg g-1) was observed during the degradation period. Moreover, the presence of
compound (Figure. 1) having the structure close to the trimer
of ε-caprolactone was detected.
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Technology, Purkyňova 118, 612 00 Brno, Czech Republic
matalovas@volny.cz
Extracellular lipases were proved as effective and
selective biocatalysts in a variety of organic chemistry
synthesis and transformations such as the synthesis of chiral
pharmaceuticals1. The lipases are triacylglycerol acylhydrolases EC 3.1.1.3 and hence are able to catalyze the reactions
on ester bonds including the degradation of aliphatic polyester
chains2. Since these enzymes combine the outstanding performance as the catalysts with both high enantio- and stereoselectivity and the possibility to be produced in high yields
from renewable sources i.e. bacteria and fungi they are in the
centre of research interest3.
Among bacterial lipases, those from Bacillus subtilis,
bacterial strain widely distributed in soil, display interesting
properties from the view of biotechnological application.4
Further, the bacterium produces several extracellular hydrolytic enzymes such as a phospholipase, a lipase LipA, and
esterase LipB and hence is capable to utilize complex nutrient
sources5. The production of extracellular lipase by the microorganism is induced by the presence a lipid substrate alone or
together with sugars as a carbon source in the cultivation
media6.
The aim of this work was to study the effect of pH and
temperature on the activity of lipase produced by the
submerged culture of Bacillus subtilis CCM 1999. A series of
cultivation media differing in the carbon source and the
nutrient content i.e. brain heart infusion broth, nutrient broth,
and nutrient broth supplemented with 2 % glucose was used.
The activity of lipase was measured spectrophotometrically
using p-nitrophenyl laurate in ethanol as the substrate. The
highest lipase activity 0,136 μmol min-1 ml-1 was obtained in
nutrient broth with glucose as the carbon source after three
days of cultivation. The lipase was most active at pH of 8. The
optimum temperature was observed at 37 °C. The thermal
inactivation of the lipase under investigation was observed at
80 °C. It retained about 60 % relative activity at 60-70 °C.

O
O

O
O

Figure 1. Detected product with the structure close to the
trimer

This work was supported by the Ministry of Education of the
Czech Republic under project no. MSM 0021630501.
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As the most suitable method of fruit processing, with
regard to antioxidant content, storage of the whole fruits or
pulp can be recommended. Content of ascorbate decreased in
all forms and species of the processed fruits during all the time
of storage (about 80% in the whole berries). Oppositely, the
content of other studied antioxidants exhibited fluctuations or
increasing trend. Sensory analysis exhibited that the best taste
and texture was evaluated in both currants independently on
sugar addition, while the worst evaluation was found in
strawberries and raspberries.
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The phenolic composition of fruits and, hence, their
antioxidant properties may be modified by environmental and
post-harvest factors, including storage and processing.
This work was focused on the study of changes in the
content of selected low molecular weight antioxidants in five
local seasonal berry fruits available in the Czech Republic
(strawberries, raspberries, blueberries and red/black currants).
The fruit was freezing for 6 months due to seasonality of the
fruit. Berries were stored as whole fruits, whole osmotically
processed fruits by sucrose, raw pulp and sweetened pulp. At
first, starting values of selected antioxidant parameters were
measured in fresh fruits (ascorbate, total antioxidant activity,
total phenolics, catechins and individual flavonoids). After
freezing the same parameters were measured regularly in two
month periods.
Total antioxidant capacity was measured by Randox kit.
Individual flavonoids were analyzed using RP-HPLC/UV-VIS
method (Biospher PSI 200 C18) and on-line LC/MS using the
extrenal standards to phenolic quantification. Ascorbic acid
was measured by RP-HPLC/UV-VIS (Hypersil APS-2, NH2).
Sensory analysis (taste, texture, flavour) was proved for the
whole fruits and also for whole sweetened fruits.
During long-term freezing total antioxidant activity
(TAS) changed individually in different kinds of berries and
was related to the sample processing before freezing. The
highest TAS values were found in raspberries and strawberries. In contrary, the lowest value was found in red currant.
Flavonoids constituted 90% of total polyphenols in
strawberries, 5% in raspberries, about 10% in currants and
30% in blueberries. Overall, the highest content of flavonoids
was observed in strawberries. Higher levels of flavonoids
showed blueberries, other samples of black currant showed
relative comparable content of flavonoids.

Lipids are important structural and metabolic constituents of plant cells. They are essential components of membranes. Disturbances in membrane lipid composition of fruit
often have severe consequences on the ability of the cell to
adapt to high/low temperatures and other stress conditions,
which may lead to various storage disorders.
This work was focused on analysis of polar and nonpolar
lipids in the surface layers of different varieties of apples
stored for 160 days in normal atmosphere and modified atmosphere with low oxygen content. This study was supplemented
by analysis of microbial contamination and by microscopy
analysis of surface layers for assessing the impact of storage
process on quality of fruits.
We used the combination of two chromatographic
separation techniques (TLC and GC) for the determination of
the individual lipids and fatty acids (FA) composition in the
surface layers of apples (GC 6890N Apparatus Agilent Technologies, column DB23). To monitoring the microbial
contamination of stored fruit contact tests with selective media
(Merck - Contact Envirocheck ®) were used. Stored apples
were acquired from the cooperating Department of PostHarvest Technology of Horticultural Products, Mendel
University in Lednice.
To the major fatty acids in apple surface layers belong
palmitic, stearic, linoleic and oleic acids. During long-term
storage, the minor changes of fatty acids content were
observed in flesh of apples. These effects are caused by FA
deposit in the deeper layers of fruits and less contact with the
storage atmosphere. The total degree of saturation increased
with the storage period and with decreased oxygen concentration. The amount of contaminating microorganisms on the
surface of apples increased gradually to their aging. The
highest microbial containation was found in the aged fruit
s1004
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stored in normal atmosphere, probably due to increased
invasiveness of fungi that are capable invades through pinched
wax layer into the already weakened apple fruit.
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Alcoholic ferementation is a process involving a great
number of genera and species of yeast and bacteria. The
conversion of the grape must into wine is almost exclusively
performed by more alcohol-tolerant species of Saccharomyces
genus, especially by Saccharomyces cerevsiae. Due to great
genetic as well as physiological similarity of the individual
species of the genus Saccharomyces, identification at species
level is very complicated1,2.
In this study we analysed Saccharomyces genus at
species level. For this purpose we used PCR-fingerprinting
method. Futher, we also identified this group by PCR-RFLP
method by using ITS1-ITS4 primers and HaeIII restriction
endonuclease3.
Saccharomyces genus (length of ITS-PCR amplified
product – 880 bp) was identified by PCR-fingerprinting. We
used single repetitive primers (GAG)5, (GAC)5 and M13
phage. All identified yeast strains were isolated from grapes
and must during spontaneous fermentation process. As a
region of our interest, we have chosen South Moravian region
(2009, 2010) and 2 different variety of wine – Sauvignon
(white wine) and Rulandske modre (red wine). Both varieties
were produced in integrated and ecological agriculture
mode4,5.
Together 59 yeasts strains of Saccharomyces genus were
identified; 32 from Rulandske modre (18 from ecological, 14
from integrated) and 27 from Sauvignon variety (12 from
ecological, 15 from integrated).
We also identified collection yeasts strains (from CCY
Bratislava) and then we compared PCR profiles of this
collection strains with isolated yeasts. Finally, electrophoreograms were evaluated by BioNumerics software and as a
result, we are able to compare genetics similarity of isolated
yeasts. In conclusion, we were able to identified yeasts of
Saccharomyces genus at species level.

Bee pollen is regarded as valuable food. Several new
studies are dealing with the properties of bee pollen1,2. The
aim of the study was investigate antioxidant properties and an
antimicrobial activity of frozen bee pollen samples from three
plant species: poppy (Papaver somniferum L.), rape (Brassica
napus subsp. napus L.), sunflower (Helianthus annuus L.).
Samples of bee-collected pollen were obtained from
beekeepers, which respected qualitative criteria for gathering
and storing as proposed by Bogdanov3. The samples were
collected from west Slovakia. The fresh bee pollen was stored
at -18 °C, 20 % moisture, six months until analyzed. Antiradical activity was determined by modified DPPH method
according to Brand-Williams et al.4 and expressed as the % of
DPPH inhibition. Reduction power of pollen compounds was
evaluated spectrophotometrically and expressed as quantity of
ascorbic acid necessary to achieve the same effect. Antioxidant activity was further evaluated by DNA-based biosensor
using a voltametric procedure based on the protective effect of
antioxidants against the oxidative DNA damage. Total polyphenols content was quantified according to the FolinCiocalteau method using tannin as reference standard. The
antimicrobial effect of the bee pollen samples were tested
using the agar well diffusion method. For extraction methanol
in 99,9 % and 70 % concentrations and ethanol in 96 % and
70 % concentrations were used. Five different strains of
bacteria Listeria monocytogenes CCM 4699; Pseudomonas
aeruginosa CCM 1960; Staphylococcus aureus CCM 3953;
Salmonella enterica CCM 4420 and Escherichia coli CCM
3988 were tested after 24 and 48 hours.
Average value of antiradical activity was 70,05 ± 17,17
%. Reduction power of frozen bee pollen compounds was
3575,56 ± 749,04 µg ml-1 and the antioxidant activity was
1,09 ± 0,68. In the case of polyphenols the average content
reached 964,22 ± 319,31 mg kg-1. The antiradical activity of
bee pollen samples occurred in the range from 47,68 to 87,51
%, reduction power of compounds from 2775 to 4501 µg ml-1

This work was kindly supported by a project of MŠMT ČR
(Grant No. MSM 0021630501) and by a Standard project of
specific research No. FCH-S-11-7.
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and antioxidant activity from 0,32 to 1,95. Total polyphenols
were presented in amount 682-1389 mg kg-1. The antioxidant
properties significantly differ in particular plant species. The
highest values of all antioxidant parameters were detected in
B. napus pollen. All examined antioxidant properties decreased in the order: B. napus > P. somniferum > H. annuus.
More research is needed to identify the antioxidant properties
and to evaluate disease preventing effects of bee pollen.

benefits. The breeding is then oriented to low content of ALA
and increasing of LA content. In the group with low ALA was
detected content of LA in the range from 63,2 to 75,0 % and in
the group with high ALA was in the range from 11,1 to 42,6
%. In the groups of genotypes with brown and yellow seeds
was found out the very high variability of analyzed fatty acids
(62,79 – 78,38 %). There were not confirmed negative correlation between content of ALA and LA in the group with low
ALA, but in the group with high ALA was this negative
correlation confirmed (p < 0.0001; r2 = –0,67 to – 0,85).

This work has been supported by the projects VEGA
1/0887/10 and KEGA 301-035SPU-4/2010.
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4-P8
CONTENT OF POLYUNSATURATED FATTY ACIDS
IN LINSEED GENOTYPES (LINUM USITATISSIMUM
L.) AND COVERING OF RECOMMENDED
NUTRITIONAL AMOUNTS BY CONSUMPTION OF
LINSEED

At the present flax seeds are known as functional food1.
Whole linseed contains 41 % of fat of which 70 % belong to
polyunsaturated fatty acids (PUFA) and more than half of fatty
acids (FA) belong to alfa-linolenic acid (ALA - C18, n-3 FA)
– 50 – 62 % of flax oil or 22 % of whole seed2-5. The second
important essential FA is linoleic acid (LA - C18, n-6 FA). It
represents 17 % of all FA6. The aim of our work was to
characterize linseed (Linum usitatissimum L.) genotypes
divided to groups with high and low content of (ALA).
There were analyzed 33 genotypes of linseed, thereof 21
breeding lines and 12 varieties. Proportional representation of
FA was realized by the norm ČSN EN ISO 5508. The oil
content was analyzed according to internal methodology of
Agritec Ltd., which was based on the norm ČSN EN ISO 659.
From all analyzed 33 linseed genotypes, the 69,7 %
represent high alfa-linolenic genotypes and 30,3 % are
genotypes with low ALA content. The average content of total
fats was 40,33 %, content of ALA was 38,20 % and content of
LA 33,63 % in analyzed seed samples (n= 489). Distributional
analysis confirms normal distribution of experimental groups
(p < 0,05). In the group with high ALA was average content of
ALA in the range from 31,9 to 65,2 %; and in the group with
low ALA was in the range from 1,1 to 6,6 %. High content of
ALA worsen the qualitative parameters of flax oil, but on
other hand the high content of ALA brings many health
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Primary function of fatty acids (FA) is creation of
prostaglandins, which regulate body functions, like heart
frequency, blood pressure, blood coagulation, fertility, conception. Prostaglandins also play important role in immunity,
they regulate inflammation and stimulate body to infection
fight1,2. The FAO and WHO recommend proportion of omega6:omega-3 FA between 5:1 and 10:1. They propose more food
consumption with high content of essential FA3.
The aim of this work was to characterize selected
genotypes of linseed, from the view of content of total fat,
polyunsaturated fatty acids (ALA – alfa-linolenic, LA –
linoleic acid). Also there were calculated covering of recommended nutritional amounts by consumption of linseed
according to determined values in selected groups of popus1006
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lation (adolescent boys and girls (15 – 18 years old), working
women (35 – 54 years old), men (35 – 59 years old) and
nursing women.
Total of 33 genotypes of linseed were analyzed. Proportional representation of FA was realized by the norm ČSN
EN ISO 5508. The oil content was analyzed according to
internal methodology of Agritec Ltd., which was based on the
norm ČSN EN ISO 659.
From the analyzed genotypes (n=33) 21 breeding lines
and 12 varieties of linseed were available. The number of
analyzed seed samples was 489. The highest content of oil
reached variety ASTRAL (43,9 %) with high content of ALA
and the lowest had genotype AGT 892/05 (36,22 %) with low
ALA. In the group with high ALA the maximum content of
ALA achieved variety ASTRAL (64,20 %) and lowest the
variety FLANDERS (39,70 %). In the group with low ALA
the lowest content of ALA reached genotype AGT 981/05 (1,1
%) and the highest the genotypes AGT 892/05 and AGT
987/02 (6,4 %). The variety AMON has the lowest content of
ALA (1,7 %) and the highest content of ALA achieved variety
LOLA (6,4 %). The highest content of LA had variety LOLA
(75,0 %) and the lowest content reached the genotype AGT
892/05 (63,20 %) in the group with low ALA. The
consumption of 20 g (i.e. circa 2 tablespoons) of linseed
covers energy requirement for 2,96 up to 4,11 % (it is less
then tenth of recommended nutritional amount). The values of
LA covered recommended intake for 11,90 to 17,55 % (it is
less then fifth of recommended nutritional amount). The
values of ALA covered recommended intake for 116,78 to
181,67 % (it is more than 100 % of recommended nutritional
amount).
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In enology, yeasts play an important part in the
characteristics of the final product. Many factors such as
chemical and microbial composition of grape juice can
influence wine quality. Yeasts are predominant in the biochemical interaction with components of must, more information
about yeasts composition of grape must is important
to produce high quality wine1. Rapid identification of yeasts
population is necessary for monitoring of fermentation process
and for obtaining good quality wine1,2.
In this study, we identified yeasts isolated from red
variety Rulandske modre from South Moravia. Yeasts were
isolated from must during different stages of spontaneous
fermentation process. We chose two types of vineyard
agriculture – ecological and integrated for both varieties.
Together, we isolated 60 strains from ecological variety and
64 from integrated. In order to identify species we used PCRRFLP method (Polymerase Chain Reaction and Restriction
Fragment Length Polymorphism). We amplified 5.8S-ITS
segment of rDNA by using ITS1 and ITS4 primers. Then
amplified DNA was chopped by five restriction endonucleases
– HaeIII, HinfI, TaqI, AluI and MseI3,4.
All obtained electrophoreograms were processed by
BioNumerics software. We obtained 8 different groups of
isolated yeasts from integrated vineyard and 10 groups for
ecological vineyard. Finally, based on our results we processed dendrograms which show representation of yeasts during
wine production and compare their genetics similarity.
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Single walled carbon nanotubes (SWCNTs) have attracted wide interest for their biochemical applications, in particular the immobilization of enzymes, delivery of bio-active
molecules, visualization of biological molecules, bio-therapy
etc.
In this work, a lipase from Candida rugosa- an almost
universal lipolytic biocatalyst - was covalently anchored onto
SWCNTs chemically modified with 1,6-hexandiamine via
diimide-activated amidation. The whole process of functionalization is characterized by FTIR, TEM and Raman spectroscopy. The SWCNTs-lipase biomaterials showed increased
solubility in some common used organic solvents, such as
DMF, THF and chloroform.
The activity of immobilized lipase was compared with
that of lyophilized powdered enzyme in the hydrolysis
reaction of carotenoid esters.

Lactic acid bacteria are historically defined as a group of
microaerophilic, Gram-positive organisms that ferment hexose
sugars to produce primarily lactic acid1. Bacteria of the genus
Lactobacillus are important group of the lactic acid bacteria.
In humans, Lactobacillus species are symbiotic and are found
in normal gastrointestinal microflora2. They play an important
role in the food industry because they significantly contribute
to the flavour, texture, and the nutritional value of food
products.
Molecular methods such as PCRs are essential for
correct identification Lactobacillus cells at the genus or
species levels. Polymerase chain reaction (PCR) can be used
for identification of probiotics in food products. The aim of
this work was to isolate PCR-ready DNA. Bacterial DNA was
isolated from lysed cells of Lactobacillus in probiotic
products. Reversible DNA adsorption on the surface of solid
particles. Carboxyl coated nonporous poly(2-hydroxyethyl
methacrylate-co-glycidyl methacrylate) (P(HEMA-co-GMA))
magnetic particles and silicagel coated manganase Perovskite
(La0,75Sr0,25MnO3) nanoparticles were used for this purpose.
Classical procedure of phenol extraction and DNA precipitation with ethanol was used as control. DNA was adsorbed on
the surface of the microspheres in the presence of 16 %
poly(ethylenglycol) (PEG 6000) and 2 M sodium chloride
(NaCl) concentrations3. The adsorbed DNA was released from
the surface of particles by low ionic strength TE buffer (pH=
8,0). The quality of isolated DNA was checked by spectrofotometric measurement and PCR amplification.
All the DNA samples isolated using magnetic particles
and phenol extraction procedures were PCR-ready. The DNA
isolated from lysed cells of probiotic products was quantified
in real-time qPCR.

Financial support from the Romanian Ministry of Education
and Research (NANOHEP 42-115)is gratefully acknowledged.
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CHROMATOGRAPHY FOR ENRICHMENT AND
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BARLEY MALT
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Of all known protein post-translational modifications
(PTM), glycosylation is the most common and complex one,
which is predicted to occur on over 50% of all proteins and
shows a great of diversities. Glycoproteins play important
roles in many biological processes, such as embryonic
development, cell division processes and protein regulations
and interactions1. For identification and detailed analysis of
glycoproteins is required to separate them from complex
samples. Lectin affinity chromatography has been widely used
for purification and enrichment of glycoproteins or
glycopeptides. Lectins are proteins capable to recognize and
bind specific carbohydrates. There are many lectins available
with very specific ligands whereas one of the most well
characterized and widely used is concanavalin A (ConA)
derived from Canavalia ensiformis (Jack been) seeds. ConA
binds specifically to α-mannosyl and α-glucosyl residues2,3.
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In this study, glycoproteins of barley malt used in
brewing were investigated. Plant glycoproteome analysis is
important for agriculture (because of their biological role in
plants) and in biotechnological industry, in our case in malting
and beer production. Glycosylated proteins were first
separated from non-glycosylated proteins using high performance liquid chromatography (HPLC). Capture of glycoproteins was performed on a new monolithic ConA affinity
column (Dionex). Then required proteins were separated on
SDS-PAGE for fast screening of protein representation or on
different HPLC columns, respectively. Separated proteins
were digested and identified using MALDI/TOF-TOF mass
spectrometer. The aim of this study is to optimise separation
and enrichment of individual glycoproteins with the intention
of N-linked glycoproteins for following study of attached
glycans after degycosylation. Used techniques can be used for
investigation of glycoproteins in other samples as well.

Lactobacillus cells. At the begining we tested washing powder
solutions (powder 1) of different concentrations (1, 2, 3 and 4
%) and we prepared the crude cell lysates. DNA isolation was
performed using magnetic microspheres1. DNA was adsorbed
on the magnetic microsperes surface and than it was eluted to
the TE buffer. The quality of eluted DNA and the presence of
target DNA were verified by PCR using LBLMA 1 and
R16 primers specific to the Lactobacillus genus2. The next
aim of our work was to prove the applicability of different
washing powders. We tested five types of washing powders
and all of them were suitable for cell lysis and subsequent
DNA isolation using magnetic particles.
Developed method is very usefull for the laboratory
practice or for regular research. It is very simple, cheap and
friendly to use method. Enzymes and detergents presented in
the powders are very good agents for the cell wall lysis.
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Products containing scent are a part of daily life. The
majority of cosmetics, toiletries, laundry products etc. contain
fragrance. However, the Scientific Committee on Cosmetic
Products and Non-Food Products (SCCNFP) has selected 26
fragrance compounds as likely to cause allergies1. The
European Cosmetic Directive requires that any cosmetic
product containing any of 26 fragrances suspected allergens
above certain trigger levels must impart these ingredients on
the label. Labeling is required when the level of the individual
ingredient exceeds 10 mg kg-1 in a product intended to leave
on the skin or 100 mg kg-1 in a product to be rinsed off of the
skin. Even though some of these fragrance compounds are
present in food, there is no similar directive related to these
allergens in food.
A method by solid-phase microextraction (SPME) and
gas chromatography with flame ionization detection (GCFID)2 was applied for fragrance allergens identification,
extraction and measurement. The procedure was based on
headspace sampling (HS-SPME) using carboxen/polydimethylsiloxane fiber. The optimal extraction conditions of
SPME-GC method were investigated including equilibrium
time, extraction time, extraction temperature, desorption time
and injector temperature to increase extraction efficiency. In
addition to that SPME-GC-FID method was validated and
following performance parameters were determined: repeat-

Brno University of Technology, Faculty of Chemistry,
Purkyňova 464/118, 612 00 Brno, Czech Republic.
xccuta@fch.vutbr.cz
The preparation of crude lysates of bacterial cells is
relatively expensive procedure because of enzymes used
during the procedure. This problem can be solved using the
washing powders for the cell lysis.
The aim of this work was the isolation of DNA from the
Lactobacillus at quality for the PCRs and to test whether the
DNA isolated by the magnetic microsperes (P(HEMA-coGMA) is appropriate to run the PCR. We tried to find out if
the composition of the washing powders is suitable for
disruption of the cell wall instead of lysosyme. The lysis of the
Lactobacillus paracasei subsp. paracasei CCDM 212/106
cells was performed with lysis buffer containing five types of
washing powders. Two exposure times (1 and 3 h) were
tested. At first, 1 ml of the cell suspension was centrifugated at
15 000 g and washed. After second centrifugation (10 000 g)
the pellet was resuspended in 500 μl of lysis buffer containig
washing powder solution or lysozyme solution. Lysis buffer
containing lysozyme (3 mg ml-1) was used as a control with
the addition of SDS and proteinase K during the crude cell
lysates preparation. We optimalised the cell lysis of the
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ability, linearity, limits of detection (LOD), limits of quantification (LOQ). The future work will be focused on an
application of validated method to the determination of
allergens in real food samples (e.g. strewn tea and tea in bag)
and cosmetics (e.g. cosmetics for children, natural cosmetics).

products were developed. The chosen foods available in Czech
market were then evaluated and compared. Students of our
food department were used as assessors. Recent surveys
suggest that the use of DA methods has increased rapidly5,6
and will continue to do. Acquired knowledge allows product
optimisation and is highly desirable within the food industry1.

This work was kindly supported by a Standard project of
specific research No. FCH-S-11-7, FRVŠ MŠMT ČR project
No. 1823/G4/2011 and MŠMT ČR Grant No. MSM
0021630501.

This work was kindly supported by a project of MŠMT ČR
(Grant No. MSM 0021630501) and Standard project of
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Descriptive sensory analysis (DA) is highly sophisticated
technique that is used to obtain complete sensory description
of a food product. It involves discrimination of both the
qualitative and quantitative traits of a sample; the qualitative
aspects of a product include aroma, appearance, flavour,
texture, aftertaste and sound properties1.
The training phase of DA techniques usually begins with
the development of a common language which comprehensively describes the product attributes2,3. Generally, a new
panel will develop the sensory language themselves, however,
input from an experienced panel leader can assist the learning
process. The final descriptive language should be precisely
defined and contain enough terms to include all attributes
likely to be encountered, but should not be so large as to be
cumbersome in use1. Once terms are selected, the panel is
trained to use them to illustrate/define the product attributes
and their intensity. This is generally achieved by exposing the
panel to the range of products in the category under test. Many
authors also recommend the use of reference standards4. All
DA methods require a panel with some degree of training.
DA may be used as a research guideline tool, or as a
method of quality assurance or quality control. There are
several different methods of DA, including the Flavour Profile
Method, Texture Profile Method, Quantitative Descriptive
Analysis, the Spectrum method, Quantitative Flavour
Profiling, Free-choice Profiling and generic descriptive analysis. The specific methods reflect various sensory approaches1.
The aim of this work was to apply several DA methods
for evaluation of various types of foods. The special sensory
lexicons of terms and forms for evaluation of chocolate,
pastry, fruits, meat products, cheeses, yoghurts and other food

TEREZIE DVOŘÁKOVÁ, ANDREA HÁRONIKOVÁ,
KRISTÍNA JANKEJE, MARTINA KUBÁČKOVÁ
and IVANA MÁROVÁ
Faculty of Chemistry, Brno University of Technology,
Purkynova 118 Brno, Czech republic
xcdvorakovat@fch.vutbr.cz
Survival of all living organisms critically depends on
their ability to sense and quickly adapt to changes in the
environment. One aspect of this adaptation is the reorganisation of genomic expression to the program required for
growth. The changes in genome induced by stress conditions
have been studied in six strains of carotenogenic yeasts and
some comparative yeast strains. Moreover, influence of
random mutagenesis induced by ethyl methylsulfonate was
tested as well. In this work two molecular gel electrophoretic
techniques were used for yeast DNA analysis: pulsed-field gel
electrophoresis (PFGE) and denaturing gradient gel electrophoresis (DGGE)1-3.
Chromosomal DNA was separated in agarose plugs
using PFGE with contour - clamped homogenous electric
field. Plugs were subjected to enzymatic lysis, and incubated
with proteinase K in NDS buffer. The agarose gel was than
run at 6 V/cm using pulse times of 150 - 500 seconds for 85
hours at 10 °C in 0,5x TBE buffer with Yeast chromosome
PFG marker as a standard. In case of PFGE, more than ten
bands of yeasts chromosomes were observed.
For DGGE technique first yeasts DNA isolation was
done using the Microbial ultra clean isolation kit followed by
nested PCR (primers NL1 with NL2 and NL4 with NS2). The
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small (200-700 bp) genomic restriction fragments were run on
a low to denaturation gradient acrylamide gel; at 60°C, 120V
for 4 hours and about 4 similar bands in all red yeast strains
were observed.
DGGE can be used for group identification of red yeasts
and other yeast and fungal species in mixed natural samples
and in special environments, while PFGE karyotypes exhibited characteristic patterns and enabled relatively detailed
yeast identification.

4-P18
ALTERNATIVE PROCEDURE FOR PREPARITON OF
LACTOBACILLUS CELL LYSATES
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The Lactobacillus species play an important role in the
food industry.They are also very important for human health
due to their positive influence of the gastrointestinal tract
functions. Identification of the Lactobacillus species is based
on the DNA amplification methods. Molecular methods are
essential for correct identification of Lactobacillus at the
genus or species levels. Polymerase chain reaction (PCR) is
common amplification method used in biological laboratories.
PCR-ready DNA must be available to amplification. Enzymes
and detergents are used for the crude cell lysates preparation.
Enzymes disrupt the cell wall and cell proteins and detergents
destroy the plasmatic membrane of the cells. DNA is relased
into medium and it is available for purification procedure.
Lysozyme, sodium dodecyl sulphate (SDS) and proteinase
K are the standard components in the bacterial crude lysates
preparations. They are relativelly expensive and sophisticated
to storage. The aim of this work was find out if enzymes and
detergents presented in the washing powders are capable of
cell lysis at adequate quality. Bacterial cells of Lactobacillus
species were used for cell lysis experiments. They were grown
in MRS medium to the absorbace A600nm 3,0. Four types of
lysis solutions for the crude lysates preparation were tested:
lysis buffer (10 mM, Tris-HCl, pH 7,8 , 5 mM EDTA, pH 8,3
mg/ml lysozyme), SDS (0,5 %) and proteinase K (0,2 µg µl-1)
- control, 4% solution of washing powder, 4% solution of
wasching powder and SDS, 4% solution of washing powder,
SDS and proteinase K. Differnt times of treatment were also
tested. DNA was isolated from cell lysates using the magnetic
microsperes (P(HEMA-co-GMA) covered by carboxyl groups
In the presence of 16 % PEG 6000 and 2 M NaCl1. Isolated
DNA was eluted into TE buffer and tested in PCR with
primers specific to genus Lactobacillus2. The PCR products
were detected by agarose electrophoresis. It was proved that
the washing powders contain enzymes and detergents which
can be use to disrupt cell wall and plasmatic membrane.

4-P17
DETERMINATION OF IRON (II), IRON (III) AND
TOTAL IRON IN SOME β-THALASSEMIA PATIENTS
USING DIFFERENT ANALYTICAL TECHNIQUES
NABIL A. FAKHRE and DASHTY K. ALI
Department of Chemistry, College of Education Scientific
Departments, University of Salahalddin, Erbil, Kurdistan,
Iraq.
havras@yahoo.com
Thalassemia is an inherited autosomal recessive blood
disease. The disease is particularly prevalent among Mediterranean people. Kurdistan people are also suffered from this
disease. The most common heterogeneous group of genetic
disorders, which the production of normal hemoglobin (Hb) is
partly or completely suppressed of defective synthesis of one
or more globin chain1. There are many well-known analytical
methods for determination of iron (II) and iron (III)2. Among
these methods: gravimetric, titrimetric, potentiometric, conductometric, batch and flow injection spectrophotometric methods. In the present study, two batch spectrophotometric,
atomic absorption spectrometric and biolabo kit methods have
been used for determination of iron (II), iron (III) and total
iron. The present methods have the advantages of high
sensitivity, low cost reagent, low operation cost, simplicity,
speed and their applications for determination of iron (II) and
iron (III) in some serum samples of normal human and βthallasemia patients in Erbil city.
For the first time especially in Erbil city attempts were
made to use zero, first and second derivative spectra to
identify the serum samples of some β-thallasemia patients
from the normal human serum samples due to the appearance
and resolution of peaks in both cases.
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ANALYSIS OF PHYSICO CHEMICAL PROPERTIES
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Traditional sources of collagen such as pork and bovine
have limitations because of religious issues in first and
potential BSE risk in second case. Possible use of carp collagen also presents health hazard as it is important allergen
source. Chicken skin can be valuable alternative. Collagen
isolated from chicken skin was analyzed and compared to
collagen from bovine tendon, and collagen from carp, poultry
and livestock animals skins.
Collagen was isolated by modified extraction procedure.
TNBSA method was used for free amino group analysis.
Stability and molecular properties of collagen was analyzed by
PAGE-SDS. Thermal and structural stability of collagen
isolates was tested using ultrasonic spectroscopy (HRUS 102
Ultrasonic Scientific). Viscosity measurements were performed by rotational rheometer (Model AR-G2 TA Instruments).
Elemental trace analysis was done by ICP-MS. Amino acid
composition was analyzed in hydrolyzed samples using AAA.
After collagen was extracted, chicken skin proved to be
vast source of collagen type I consisting of typical fractions α1
and α2 chains in ratio 2:1. Predicted yield was 25% and water
content was around 67%. The proportional lysine content was
7,07%, proline 5,88% and glycine 10,07%. Denaturation
temperature was determined at approx. 50 °C for chicken,
60 °C for hen and 78 °C for mature hen collagen. Heating
induces the denaturation of native proteins. These denatured
proteins tend to aggregate and if aggregation proceeds long
enough, a gel is formed. Pre-aggregation occurs at lower
temperatures and is indicated by signal decrease in temperature interval from 20 °C to 27 °C, which is proof of
disaggregation and liquefaction of samples. From 40°C
upwards second phase occurs as signal constantly increases
while liquefaction process finishes and aggregation continues.
When compared with electrophoresis of heat pretreated
samples, obtained results confirmed that bovine collagen
denaturation starts at 40 °C and finalizes at 70 °C. According
to results in chicken samples actual denaturation is not visible
till 50 °C, and ends at almost 80 °C which explains chicken
collagen thermal stability. These data were confirmed by viscosimetry too.
Obtained results suggests that waste chicken skin has
potential to be an excellent alternative source of raw collagen,
which could find it's application not only in food industry but,
after further research and processing, as a component of
various collagen based biomaterials in biomedicine.

Alzheimer’s disease (AD) is the most common neurodegenerative disorder, described by broad cognitive decline
(involving memory, reason and orientation). However, its
ethiology is not completely known due to the complexity of
this disease. Currently, the criteria for diagnosis of AD require
the presence of significative cognitive deficit when the brain
damage is already widespread and it is usually too late to
receive effective drug treatment. Thus, the discovery of biomarkers that allow early diagnosis of this disease is of great
importance1. Have been studied several biological markers in
cerebrospinal fluid (CSF), in close proximity to the pathology.
However, the ideal sample is the blood serum which is
available through non-invasive techniques. In the discovery of
biomarkers can be remarked the importance of the omics,
techniques of massive information. The most incipient omic
science is metabolomics, wich study the enteriry of low
molecular weight compounds involved in cellular processes.
This approach is of great interest, since metabolomic analysis
involve factors both genetic and external (food, exercise),
giving us a real view of the pathology.
In this field, the application of high resolution mass
spectrometry techniques (hybrid systems such as QqQ-TOF,
triple quadrupole – time of flight) let us to obtain wide
metabolomic profiles. Moreover, the high resolution allows
the analysis by direct infusion of the sample, without chromatographic separation, giving us a very fast methodology. In
this way, blood serum samples of Alzheimer patients and
healthy controls were analyzed by direct infusion ESI-QqQTOF-MS, obtaining characteristic metabolic profiles, that
allows establish differences between the diseased and control
groups. More important signals were studied and identified as
potential biomarkers of Alzheimer disease: glycerophospholipids2, ceramides3, aminoacids.
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4-P21
USE OF THE MICROALGAE CHLORELLA
SOROKINIANA FOR THE BIOTECHNOLOGICAL
PRODUCTION OF IODINE AND SELENIUM
FUNTIONAL FOOD

4-P22
CAROTENOIDS-ENRICHED BIOMASS PRODUCTION
BY RED YEASTS CULTIVATED ON VARIOUS
WASTE SUBSTRATES HYDROLYZED
BY MICROBIAL HYDROLASES
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The need for food supplemented with essential elements
has becoming an important issue to assure the health of
people, and microalgae, such as Chlorella sorokiniana, exhibit
a high potential in the fast production of biomass with high
level of bioactive molecules that can be use for this purpose.
Chlorella has been studied by Burianova et al1 to be used as
iodine supplement, but selenium is another essential very
related to iodine in some important diseases such as thyroid
disorders, that need to be also incioporated to these foods.
An important question is the chemical forms (metabolites) in which the heteroelements are transformed in the
biological systems, which determine their potenrtial health
effects (metabolomics). Therefore, ICP-MS coupled to multidimensional chromatographic techniques and assisted by tandem mass spectrometry (metallomics) represents a powerful
tool for this purpose.
Chlorella has been is exposed to Se in the form of
selenate which is rapidly absorbed in few minutes. After 2448 hours, about 40% of the total Se intake was as organic-Se
species inside the cell, maily in the form of selenomethionine2. The study of cellular response to Se exposure showed
that Chlorella3 tolerates sodium selenite in the culture up to a
concentration of 100 mg l-1. Exposure to iodine showed that
both dose and chemical forms of this element are critical
factors in the cellular response. Experiments with potassium
iodide at different concentrations showed that Chlorella cells
can tolerate up to a concentration of 3000 mg l-1.
The characterization of iodine species in the microalgae
was performed using the coupling of multidimensional
chromatography with inductively coupled plasma-mass spectrometry (ICP-MS) deteccion. Further studies have to consider
the purification of the ICM-MS fractions for their identification by tandem MS.

All types of cells are characterized by the ability to
respond to changes in their environment. Yeast species
Rhodotorula, Cystofilobasidium and others might be commercially used in food and feed industry to natural pigment
synthesis, but the limiting factor is the high cost of production.
This can be achieved in the use of waste materials and
industrial by-products as a source of nutrients1-3.
In presented comparative study production properties of
four red yeast strains (Cystofilobasidium capitatum, Rhodotorula sp.) were tested. Production of carotenoids and biomass
using various waste substrates and industrial by-products as
nutrient sources was studied. The substrates were also
subjected to enzymatic hydrolysis with commercial microbial
enzymes, and complex enzyme mixtures isolated from selected fungi in our laboratory. Pigments were analyzed by
HPLC/PDA/MS/ESI, enzyme activities were measured spectrophotometrically. Changes of carbohydrate composition in
processed waste substrates were analyzed by HPLC/RI.
All tested Rhodotorula strains exhibited similar biomass
and pigments production properties than Cystofilobasidium
capitatum. Use of some of tested hydrolyzed substrates (pasta,
apple fiber, wheat bran, rice) led to an induction of production
of targeted metabolites and biomass, while some of them
exhibited inhibitory effect. The best production properties
showed strain R. mucilaginosa grown on hydrolyzed pasta.
This work was supported by project FR 2953/G4/2011 of
Ministry of Education of the Czech Republic and project
"Centre for Materials Research at FCH BUT" No.
CZ.1.05/2.1.00/01.0012 from ERDF. Finantial support was
realized also by Regional Inovation Strategy 3. of the City of
Brno.

This work was supported by the grants P08-FQM-03554 and
P09-FQM-4659 from Consejería de Innovación Ciencia y
Empresa (Junta de Andalucía). E. Gomez-Jacinto thanks to
the Ministerio de Ciencia e Innovación for a predoctoral
scholarship
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The cultivation was carried out in liquid Reinforced
Clostridial Medium (RCM) with lactose (5 %) and cheese
whey with lactose content 5 % instead of glucose as substrate
under anaerobe conditions. Growth of bacterial cells was
observed at laboratory temperature (from 20 to 23 °C) and at
37 °C, pH values range from 4,0 to 8,0 with 0,5 unit. Optimal
pH was evaluated at 6,5. Optimal pH and different temperatures (20-23 °C/37 °C) were thereafter used in last experiment
(see Fig. 1 and Fig. 2.). The content of lactose and volatile
fatty acids was also determined in supernatants.

4-P23
FERMENTATIVE HYDROGEN PRODUCTION BY
BACTERIAL STRAIN CLOSTRIDIUM
TYROBUTYRICUM S5.
MARIA CHROBOKOVÁ1, ALENA ŠPANOVÁ1, 2,
BOHUSLAV RITTICH1, 2, BARBORA ÜRGEOVÁ,
KRISTÝNA TURKOVÁ1 and MILOŠ DVOŘÁK1
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This work was supported by MŠMT ČR, grant No. 2B08070.
4-P24
IMPACT OF ELEVATED CO2 CONCENTRATION ON
KEY ENZYME OF PHOTOSYNTHESIS – RUBISCO

Presence of clostridium in milk is a technological
problem for cheese making as they cause late-blowing defect.
This damage is characterised by gas formation. The ability to
produce gas by some species of genus Clostridium could
possibly find an industrial use. Research has been focused on
Clostridium strains deposited at MILCOM – Dairy Research
Institute (Tábor, Czech Republic). It was found out that good
candidate for hydrogen production is Clostridium tyrobutyricum S5 strain from this collection. From this reasone its
properties were evaluated and the cultivation of Clostridium
tyrobutyricum S5 under different conditions was studied.

MIROSLAV HRSTKA and LIBOR BABÁK
Faculty of Chemistry, Brno University of Technology,
Purkyňova 118, 612 00 Brno, Czech Republic
hrstka@fch.vutbr.cz
We studied seasonal changes of Rubisco content and
activity in seven-year-old seedlings of Fagus sylvatica L.
exposed for three growing seasons to ambient
(A = 385 μmol mol-1) and elevated (E = 700 μmol mol-1) CO2
concentrations. The highest content and activity of Rubisco
enzyme was measured immediately after full leaf expansion
and then gradually decreased during the growing season.
Rubisco content in E was reduced relative to A after full leaf
expansion (down-regulation), whereas Rubisco activity in E
was stimu-lated relative to A at the same time. This effect is
very pronounced at specific activity of Rubisco. Because no
signi-ficant differences were found in Rubisco activation state
between A and E, we assume that stimulation of Rubisco
activity in E was not a consequence of higher carbamylation
but was caused by release of inhibitors from active Rubisco
sites under the influence of elevated CO2.
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Figure 1. Effect of temperature 37 °C (♦) and laboratory
temperature (20-23 °C) () on the maximal specific growth
rate (μ) of Clostridium tyrobutyricum S5 in RCM with optimal
pH value 6,5 and lactose as substrate

This work is part of the research supported by grant
522/06/0930 (GA ČR).
4-P25
CHARACTERIZATION OF POLYGALACTURONASES
PRODUCED BY GEOTRICHUM CANDIDUM
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Figure 2. Effect of temperature 37 °C (♦) and laboratory
temperature (20-23 °C) () on the maximal specific growth
rate (μ) of Clostridium tyrobutyricum S5 in RCM with cheese
whey as substrate

The Geotrichum candidum CCY 16-1-29 (teleomorph
Galactomyces geotrichum) was able to grow and produce high
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derivatives1,2. Finally, the extracted analytes were detected by
GC/MS in the electron impact (EI) mode. A Trace DSQ
ThermoFinnigan quadrupole mass spectrometer coupled with
a Trace GC was used. The identification of fatty acids was
obtained by comparison of fatty acids methyl esters (FAME)
mass spectra with the mass spectra of FAME standards of
NIST library2.The method was validated by using fatty acid
standard samples. Figure 1 presents the important fatty acids
identified in fish plasma.

activities of polygalacturonase on pectin or grape pomace as a
sole carbon source. The highest activities of extracellular
enzymes were found in the third and in the seventh day of
cultivation. After extraction and precipitation, polygalacturonases produced in these cultivation periods were characterized.
The production of multiple forms of polygalacturonase
was observed in both cultivation periods. Two major forms,
polygalacturonase with random action pattern (endoPGase, EC
3.2.1.15) and oligogalacturonate hydrolase (exoPGase, exopolygalacturonase preferring oligogalacturonides as substrates) were detected as well as numerous minor forms (IEFPAGE with print technique detection). EndoPGase was identified by mass spectrometry, too.
The major forms have similar isoelectric points (below
pH 6,0) and pH optima (4,6 and 4,8). pH Optimum 4,6 was
associated with exoPGase and the second one with
endoPGase. Both enzymes were stable after freeze-drying and
storage at 4 °C. EndoPGase had molecular weight determined
by gel fitration about 29 kDa (36 kDa by SDS-PAGE),
optimum of temperature about 45 °C and was stable only to
35 °C. ExoPGase had molecular weight about 50 kDa, optimum of temperature about 60 °C and was stable to the same
temperature. Optimal substrate for exoPGase was pentamer,
for endoPGase pectate. Km for optimal substrate of exoPGase
reached the value of 11,4 . 10-5 mol l-1 and of endoPGase 6,6.
10-5 mol l-1.

Figure 1. Fatty acids separation chromatogram in fish plasma
Eicosapentaenoic acid (EPA) and docosapentaenoic acid
(DHA) are the major fatty acids found in fish. These fatty
acids are produced by unicellular algae and phytoplankton
which are consumed and then accumulate in fish3.
The method developed showed good precision in the
analysis of fatty acids from different biological media. The
high values of (n-3) highly unsaturated fatty acids (HUFA) in
fish plasma prove the high nutritious value of fish.

This work was partially supported by grants No. 2/0011/09
and 2/0005/10 from the Grant Agency for Science VEGA
(Slovakia), by financial support from Ministry of Education,
Youth and Sports of Czech Republic under project MSM
021630501 and by ITMS 26220120054 supported by the
Research & Development Operational Programme funded by
the ERDF (25%). The financial support of the Institutional
Research Plan AVOZ40310501 of the Instute of Analytical
Chemistry, v.v.i. ASCR is greatfully acknowledged, too
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FATTY ACIDS DETERMINATION IN BIOLOGICAL
SAMPLES BY GC-MS

4-P27
MD SIMULATION ON MUTANT NEURAMINIDASE
OF INFLUENZA B VIRUS AND ITS INHIBITOR
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A gas chromatography-mass spectrometric (GC/MS)
technique was used for qualitative and quantitative analysis of
fatty acids in meat and fish. The aim of the paper was to
develop an analytical method for the determination of fatty
acids in biological samples. The method involves extraction
procedure, derivatization and gas chromatography/mass spectrometric analysis (GC/MS). The extraction of the fatty acids
was performed by mixing plasma and chloroform: methanol
(2:1) during 30 seconds, at room temperature1. Fatty acids
from plasma and meat were derivatized as methyl ester

Not only influenza A virus is associated with annual
outbreak of seasonal flu, influenza B virus is also a cause of
influenza epidemic. There are only 2 available inhibitors of
influenza B virus, zanamivir (ZNV) and oseltamivir (OTV),
these drugs block the neuraminidase (NA) and thus inhibit the
release of new viruses1. Although, OTV is more suitable than
ZNV but unfortunately influenza B virus strains had become
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13,5 mg g-1, respectively). Non-processed rice types (e.g.
Natural Rice, Indian Wild Rice etc.) contained substantially
higher amount of biologically active compounds than peeled
rice. High amount of individual phenolic compounds was
measured in Natural Red and Indian Wild Rice, The main
phenolic compounds identitified in hydrolyzed rice samples as
aglycons were ferulic acid, catechins and chlorogenic acid.
Because of the relatively high content of biologically
active compounds and worldwide consumption it can be concluded that rice (predominantly natural) belongs to important
sources of complex phenolics recommended for modern
human nutrition.

resistant to OTV. The single mutations on NA of influenza B
virus were detected, E117G2 and R150K3. Therefore, this
work provides the information of OTV resistant toward NA of
influenza B virus by using molecular dynamics simulations.
The results show that both of wild-type and mutant systems
reach the equilibrium in 6 to 10 ns, thus, the last 4 ns of
simulations were performed to analyze drug-target interactions. The resistance of OTV in mutant systems due to the
loss of hydrogen bonding between functional group of OTV
and NA active site which satisfy the binding free energy.
This work was supported by the Science achievement
scholarship of Thailand and the National Research University
Project of CHE and Ratchadaphiseksomphot Endowment
Fund (HR1155A).

This work was supported by projects 2B08057 and FR
2953/G4/2011 of Ministry of Education of the Czech Republic
and project "Centre for Materials Research at FCH BUT" No.
CZ.1.05/2.1.00/01.0012 from ERDF.
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According to recent knowledge, as the best way of
nutrition for infants to 6 months of age is considered breast
milk. If the children can´t be breastfed, replacements feeding
dairy products are available in the market. In this case,
however, infants need extra liquid, because different viscosity
and density of alternative food and breast milk can evoke
thirst even full saturation. Infant and toddler drinks must meet
strict hygiene requirements, but content of biological active
compound and other substances is regulated partially or
poorly.
The most common products are granulated instant drinks
and fruit and herbal teas. All these products contain significant
amount of active compounds, e.g. polyphenolic compounds,
flavonoids, anthocyanins, vitamins etc. This work was focused
on determination of active vitamin, provitamin and phenolic
compounds, saccharides, pH and other parameters.
Reducing and total saccharides were analysed by UVVIS spectophotometric methods. Total phenolic and flavonoid
content was measured spectophotometrically too. Individual
mono- and disaccharides were analysed by RP-HPLC/RI
acetonitrile and water mixture as a mobile phase.
Individual catechins and flavonoids were analysed by
RP-HPLC/UV-VIS using methanol:water as mobile phase for
catechin elution and acetonitril:methanol:water:phosphoric
acid for flavonoid separation. Both separations were done in
isocratic mode. Individual phenolics were identified by
HPLC/PDA/ESI-MS. Quantitative analysis was performed
using external calibration.
Herbal teas and fruit teas contain substantially higher
amount of analyzed biologically active compounds when
compared with instant beverages. The content of total phenolics was about 6 times higher and total flavonoids about 4

Brno University of Technology, Faculty of Chemistry,
Purkyňova 118, 612 00 Brno, Czech Republic
xclichnova@fch.vutbr.cz
Cereals are very important material for mankind. They
are applied to main part of human nutrition, they are used as
feed for farm animals and small amount is used to technical
applications (starch, ethanol).
A grain is the most important part of cereal. Cereal
grains are milling on flour. A lot of various bakery products
are made from this flour. Rice (Oryzae sativa) is the most
common cereal for direct consumption. It is formed from
complex saccharides, further it contents high amount of fibre,
contrary low amount of fat, and it doesn´t content cholesterol,
sodium or gluten.
Rice also contains many types of phenolic compounds,
which are attributed to the significant antioxidant properties.
Phenolic compound can be free or bound as the aglykon part
to glycosides. The aim of this work was to analyse content and
composition of phenolic compounds in selected kinds of rice.
Individual mono- and disaccharides were determined by
RP-HPLC with refractometric detection, acetonitrile:water
mixture was used as mobile phase. Individual phenolics were
analyzed by HPLC/UV-VIS and HPLC/PDA. Separation was
done in isocratic mode using methanol:water as mobile phase
for catechin elution and acetonitril:methanol:phosphoric acid
for flavonoid separation. Quantitative analysis was performed
using external calibration.
Antioxidant activity of most rice samples was about
20 mg/100 g except Natural Red (78 mg/100 g). Total
phenolics ranged 5 – 15 mg/100 g, while total flavonoids
ranged 2 – 6 mg/100 g (Narutal Red exhibited 23 mg/100g and
s1016
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times higher in herbal teas. This finding is also in agreement
to the antioxidant capacity, which was significantly higher in
herbal teas than in instant beverages.
Opositely, granular drinks contains very high simple
saccharide concentration, which, in combination with acidic
pH, it can cause milk teeth decay. The content and number of
measured saccharides correspond to declared values.

3.

Martín M., Pablos F., González A.: Food Chem. 66, 365
(1999).
Grembecka M., Malinowska E., Szefer P.: Sci. Total
Environ. 383, 59 (2007).
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The commercial significance of cephalopods to world
fisheries is of relatively recent, but growing importance1. Like
several other cephalopods species the common octopus,
Octopus vulgaris, is part of the traditional diet of coastal
communities in southern Europe. In Portugal, octopus has a
high economic, social and cultural value.
Cephalopods are an excellent source of some essential
elements, however given the morphological and biological
characteristics associated to their habitat, some contaminant
metals may accumulate in their issues2. Toxic metals can be
bioaccumulated and retained in cephalopods and consequently
passed on the predators, thus potentially increasing the
contaminant load in higher trophic levels, including humans1.
Therefore contaminant levels in cephalopods are also of direct
concern to public health.
To evaluate the safety concerning the levels of cadmium,
lead, arsenic and chromium in muscle tissues of Octopus
vulgaris, fresh samples were purchased at local Oporto retail
establishments (NW Portugal). Microwave-assisted digestion
was performed and a high resolution continuum source
graphite furnace atomic absorption spectrometry procedure
was optimized for sensitive and accurate quantification of the
metallic elements. The detected concentrations of cadmium
(except in one sample) and lead in muscle tissues are generally
below the maximum levels recommended by the European
Commision Regulation (1,0 mg kg-1 ww for Cd and Pb).
Concerning Cr and As mean values, no comparison can be
made with EC Regulation since it does not provide a legal
limit for these elements. Estimation of the non-carcinogenic
and carcinogenic health risks by the target hazard quotient and
target carcinogenic risk, established by the U.S. Environmental Protection Agency was also performed. From a public
health perspective, this study also provides consumers a better
knowledge of contamination problems associated to this
species.

REQUIMTE/Instituto Superior de Engenharia do Porto,
Departamento de Engenharia Química, Rua Dr. António
Bernardino de Almeida 431, 4200-472 Porto, Portugal.
sbm@isep.ipp.pt
Two species of genus Coffea have acquired worldwide
economic importance: Coffea Arabica (approximately 90% of
the world coffee production), and Coffea Canephora
(approximately 9% of production), usually known as Arabica
and Robusta varieties, respectively1,2. Coffee beans used in the
blends for commercial coffee industry come from a wide
range of geographical areas and may have varied chemical and
organoleptic properties. The producers must select among the
different materials to produce the best quality brand because
there is a great interest in the commercial qualification of
coffee2. Analytical methods should assess the nutritional
value, sensorial properties, safety and authenticity in cases of
fraudulent or accidental mislabelling3.
In this study, the nutritionally relevant mineral elements
(Ca, Mg, Na, K, Fe, Mn and P) of pure origin espresso coffees
representing the main coffee producers: Africa (Kenya,
Mussulo and Ethiopia); South America (Colombia and Brazil);
Central America (Honduras, Cuba, Mexico and Guatemala);
Asia (China, India and Timor) and Oceania (New Guinea)
were analyzed by high-resolution continuum source flame
atomic absorption spectrometry (except P that was determined
by a standard spectrometric method). The obtained mineral
concentrations were correlated with the geographic area of
production applying pattern recognition techniques such as
principal component analysis and cluster analysis. Samples
from Oceania, Central and South America formed clusters
clearly separated due to their significantly different chemical
compositions. Samples from Africa and Asia regions
presented similar patterns of distribution but both were well
separated from the other groups. The results indicated that the
mineral contents of Ca, Mg, Na, K, Fe, Mn and P may be used
to characterize, differentiate and identify the geographic origin
of pure origin roasted coffees.

This work was supported by the Fundação para a Ciência e a
Tecnologia
through
the
project
PTDC/AGRAAM/102316/2008 (COMPETE and co-financed by FEDER).
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The aim of the study is to establish the total antioxidant
activity of the grain samples and malt and subsequently
evaluate the effect on the qualitative parameters of malt. The
grain and malt of six spring barley (Hordeum vulgare L.)
malting varieties treated by a zinc fertilizer during two growth
stages (DC 31 and 55) were used as the source material. The
extracts were obtained by mashing 25 g of homogenized grist
with the supplement of 225 ml of distilled water at the
temperature of 45 °C for the duration of 15 minutes. By the
means of the TEAC method (Trolox Equivalent Antioxidant
Capacity), the antioxidant activity was spectrophotometrically
determined on the basis of the samples capacity to eliminate
coloring caused by synthetic radicals DPPH (1,1-diphenyl-2(2,4,6-trinitrophenyl) hydrazyl). The acquired results could be
of a practical help in selection and preference for concrete
malting barley varieties, and for malt and beer production.
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In recent years, modern voltammetric techniques are
gaining increasing importance in environmental control.
Analytical voltammetry is being significantly influenced by
using microelectrodes, since they exhibit several attractive and
important properties such as small size, low background
charging and high current density1. The current response of a
microelectrode is directly proportional to the active area. One
possibility of creating high active electrode area on a miniaturized sensor is by polymerization. Recently, electropolymerized polymer films have received considerable attention in
the preparation of sensors. During the last years, aniline polymer has aroused much interest, because the conducting redox
polymer film shows good tranducing properties and high
stability and reproducibility, being widely used in the preparation of biosensors2.
In the present work, a polyaniline based sensor was
developed for cadmium determination in seafood sample
digests. The screen printed carbon electrode (SPCE) surface
was sprayed with a commercial deodorant at a distance of ca.
200 mm during 8 s and dried. The modified electrode was then
electropolymerized with 0,1 mol dm-3 aniline solution in
0,5 mol dm-3 H2SO4. Scanning electron microscopy was used
to evaluate the modified electrode surface. The electrochemical characteristics of the sensor were studied by cyclic
and square-wave voltammetry. The optimised stripping
procedure in which preconcentration of cadmium was
achieved by deposi-ting at 1,20 V (vs. Ag/AgCl) produced a
well-defined anodic peak at ca. -0,7 V at pH 4,6. Working
range, detection and quantification limits of the polymerized
microarrays were also determined and compared with those
reached with the unmodified electrode. The polymerized
microarray electrodes were successfully applied to quantify
cadmium in seafood sample digests.

This work was carried out with the support of the Research
Centre for Study of Extract Compounds of Barley and Hop VC
1M0570.
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Acrylamide is considered as probably carcinogenic to
humans1. Acrylamide has formed during thermal processing in
carbohydrate-rich and protein-low plant foods at high temperatures and low moisture conditions associated with frying,
baking, and roasting2,3. There are many reports how to reduce
acrylamide formation in foods, including selecting foodstuffs,
removing acrylamide precursors, adapting processing conditions, and adding food ingredients4.
The aim of this study was to assess the impact of selected kinds of spices (clove, cinnamon, allspice, white pepper,
anise, star anise, coriander, fennel, nutmeg, cardamom,

This work was supported by the Fundação para a Ciência e a
Tecnologia
through
the
project
PTDC/AGRAAM/102316/2008 (COMPETE and co-financed by FEDER).
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vanilla, ginger and mix of spices) in buckwheat ginger cakes
on acrylamide formation.
The results showed that acrylamide content was significantly reduced in ginger cakes with nutmeg, fennel, anise and
clove addition. The minimal decrease of acrylamide content
was found in ginger cakes with vanilla, cardamom, white
pepper, ginger and mix of spices. In contrast, acrylamide
content in the ginger cakes with cinnamon and coriander
increased. No change of acrylamide content was observed in
ginger cakes with star anise.
The final acrylamide content was probably influenced by
chemical constituents with antioxidant capacity in particular
kinds of spices. The effects of selected spices and their
chemical constituents on the final acrylamide content will be
studied consecutively.

acrylamide intake, several tools of acrylamide reduction were
successfully tried: an application of asparaginase pretreatment
in biscuits, pastry and pancakes production; a partial replacement of ammonium raising agent with sodium salt in gingerbread production; a support of leavening in bread making; an
application of natural antioxidants present in spices in honey
cake production. Based on our survey of consumption habits
of Slovak and Czech high-school students the adoption of
mentioned tools could be reflected in a decrease of acrylamide
burden of this highly exposed group up to 30 %.
This contribution is the result of the project implementation
"The Centre of Excellence for Contaminants and
Microorganisms in Foods" supported by the Research &
Development Operational Programme funded by the ERDF.
This work was also supported by APVV under the contracts
No. LPP 0310-09 and SK-PL-0051-09.

This contribution is the result of the project implementation
"The Centre of Excellence for Contaminants and
Microorganisms in Foods" supported by the Research &
Development Operational Programme funded by the ERDF.
This work was also supported by APVV under the contracts
No. LPP 0310-09 and SK-PL-0051-09.

REFERENCES
1. Ciesarova Z.: AgroFood Ind. Hi-Tech, in press.
2. Tardiff R. G., Gargas M. L., Kirman C. R., Carson M. L.,
Sweeney L. M.: Food Chem. Toxicol. 48, 658 (2010).
3. http://www.ciaa.be/documents/brochures/ac_toolbox_200
90216.pdf [cit. 2011-28-04].

REFERENCES
1. Casado F. J., Sánchez A. H., Montaño A.: Food Chem.
119, 161 (2010).
2. Tareke E., Rydberg P., Karlsson P., Törnqvist M.,
Eriksson S.: Chem. Res. Toxicol. 13, 517 (2000).
3. Hidalgo F. J., Delgado R. M., Zamora R.: Food Chem.
122, 596 (2010).
4. Ou S., Shi J., Huang C., Zhang G., Teng J., Jiang Y.,
Yang B.: J. Hazard. Mater. 182, 863 (2010).

4-P36
ACRYLAMIDE FORMATION IN BREAD INFUENCED
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4-P35
DECLINE IN ACRYLAMIDE EXPOSURE BY
ADOPTION OF MITIGATION TOOLS
ZUZANA CIESAROVÁ1, KRISTÍNA KUKUROVÁ1
and LUCIE MARKOVÁ1,2

Acrylamide is a health hazardous compound that is
formed in bread upon baking as a consequence of asparagine
degradation in the presence of reducing sugars. Acrylamide
was determined predominantly in bread crust in significant
correlation with brown colour1,2.
Presented study was focused on monitoring of acrylamide content in bread according to baking technology and
recipe modifications in addition of different flour, bread
improvers and concentration of dried yeast.
It was determined that potato flour addition in recipe
significantly promoted acrylamide formation. On the other
hand, the lowest acrylamide content was observed in bread
with graham flour. Addition of calcium inorganic salts slightly
lowered acrylamide content in bread up to 10 %. Processing
conditions, baking temperature and yeast activity were proved
to be the most significant factors of acrylamide formation in
bread.
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Food Research Institute, Priemyselná 4, 824 75 Bratislava
26, Slovakia, 2Brno University of Technology, Faculty of
Chemistry, Purkyňova 464/118, 612 00 Brno, Czech Republic
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Acrylamide is known as a probably carcinogenic compound and its occurrence has been proven in many staple
foods. Since the estimation of acrylamide exposure of highschool students revealed that their exposure was close to the
tolerable level of daily acrylamide intake – 2,6 µg kg-1 of body
weight1,2 – the effort to mitigate acrylamide is especially
valuable.
Various tools for reduction of acrylamide level in particular foodstuffs summarized in The CIAA Acrylamide
Toolbox (2009) are recommended3. The choice of the appropriate alternative depends on the expected effect of the
specific intervention in food processing on the final quality of
food product. Exerted efforts in food processing alterations
should be balanced with an adequate impact on a decrease of
acrylamide exposure.
In close co-operation with domestic producers of cereal
based foodstuffs which belong to the highest contributors of

This work was supported by the Slovak Research and
Development Agency under the contracts No. LPP 0310-09
and VMSP-P-0089-09 and is the result of the project
implementation "The Centre of Excellence for Contaminants
and Microorganisms in Foods " supported by the Research &
Development Operational Programme funded by the ERDF.
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lated beer phenolics could be useful to functional beverages
and foods.
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POLYMORPHISM IN LOXA GENE AND PHENOTYPE
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Polyphenols constitute ubiquitous groups of plant
metabolites with many biological activites. They form an
integral part of both human and animal. Unfortunately, the
concentrations of polyphenols that appear effective in vitro are
often of an order of magnitude higher than the levels measured
in vivo. Plant phenolics exhibited limited stability and conditioned solubility and some of them have unpleasant taste.
Benefit effect of beer is caused by many natural substances in sufficient quantity and ratio; the most important are beer
phenolics originated mainly from hops and malt. Except
positive health effect, phenolics complicate beer technology
by turbidity formation.
In this work encapsulation of beer phenolics into
nanoparticles was tested. Individual phenolics (quercetine,
gallic acid and xanthohumol), malt and hop extract were
encapsulated into liposome and nanoparticles. Two different
liposome methods were tested: the thin film evaporation and
sonication. The nanoprecipitation technique based on PLGA
and PEG-5000 was used for gallic acid and xanthohumol
entrapment. Total phenolics and antioxidant activity were
measured spectrophotometrically. Individual phenolics were
measured by HPLC/PDA/ESI-MS (Thermo Fisher Scientific,
USA). Beer phenolics were separated on Ultra Aqueous C18
column using gradient elution with acetonitrile-methanolwater mixture. Stability of particles as well as encapsulated
phenolic was tested at different pH and temperature.
Multilamellar vesicles were obtained by thin film
evaporation, while small unilamellar vesicles were formed by
sonication, which can be combined with extrusion technique.
Sonication exhibited lower range of encapsulating efficiency
than film evaporation (60-70% and 80%, respectively).
Ethanolic solutions of phospholipids exhibit high encapsulation efficiency and the liposomes made in the presence of
ethanol had a relatively small size (about 140 - 180 nm, DLS).
Liposomes were relatively stable at pH ranging from 4,0 to
7,0.
The nanoencapsulation efficiency reached 92% with the
particle diameter being about 90-100 nm (DLS). Stability of
encapsulated phenolics increased for several times when
compared with the pure actives, and possessed more effective
antioxidant activities. Thus, studied techniques and encapsu-

Lipoxygenases (LOX, linoleate:oxygen oxidoreductase,
EC1.13.11.1 2) are non-heme iron- dioxygenases that catalyze
hydroperoxidation of fatty acids. In plants, the hydroperoxide
are further metabolized into lipid-breakdown products as 2nonenal. In barley and malt, LOX directly influences final
sensory quality of beer.
The objective of this work is to study polymorphism in
LoxA gene in 21 parent varieties of Czech spring barley with
different lipoxygenase activity - varieties used for Czech beer
technology as well as some collection varieties with previously described lower LOX activity. DNA was extracted from
barley leaves by DNeasy Plant Mini Kit (Quiagen). The DNA
concentration and purity was analyzed using agarose gel
electrophoresis. 8 PCR markers were proposed for LoxA gene
amplification. PCR products were purified and sequenced. The
LOX activity was analyzed by UV spectrometry at 234 nm.
The 2-nonenal was analyzed by gas chromatography and antioxidant activity was analyzed by Randox kit.
Some of parent varieties substantially differed in LOX
activity. Among these only several were used for breeding into
F2 generation. Parent varieties KM 2008 and Marthe exhibited
the best results with regard to extremely low thermostability of
LOX from KM 2008 and excellent yields and malting
characteristics of Marthe variety. Both varieties differed in
point mutation (G/A) in exone 3 of LoxA gene, which was
found in variety KM 2008 only. Thus, co-dominant CAPS
marker was proposed for allele differentiation. PCR products
were cleaved by NaeI endonuclease specific to GCCGGC
sequence present in standard allele only. Thus, PCR product at
size 593 bp was obtained in standard allele, while 662 bp was
found in mutant allele.
To verify association of LoxA mutation with phenotype,
LOX activity in 40 mutant and 40 standard plants was
measured. In plants with mutant allele 5–10x lower LOX
activity was found. LOX activity was connected with trans-2nonenal level as well as with antioxidant status.
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Further breewing of LOX less hybrids could lead to
obtaining new varieties with reduced LOX activity. These
varieties will be suitable for Czech beer technology.

organic acids (such as acetic acid, lactic acid etc.) belong
among the most important ones. Therefore, monitoring of their
production during fermentation process provides valuable
information for control of biotechnological processes. Moreover, organic acids have a significant impact on sensory properties, stability of food and are an indicator of microbial
contamination1.
The link between the different fermentation processes is,
for example, lactic acid. Lactic acid is usually formed during
fermentation of grape must as well as in the production of
fermented dairy products. Lactic acid shows a different
perspective on the nature of organic acids. They are either
desirable (for the production of milk fermented products), or
undesirable – as an indicator of contaminant microflora (lactic
fermentation of grape must, undesirable milk souring).
Determination of organic acids requires a sensitive
analytical method. Capillary zone electrophoresis (CZE) is a
suitable method for the determination of these acids, because
acids are easily ionizable and CZE is an ecological and economical method, have low exigencies to quantity of samples.
Method is fast, accurate and sensitive to low concentrations of
analytes. This work is focused to develop a sensitive method
for the determination of selected low molecular weight
organic acids by capillary zone electrophoresis in wines, wine
must and products of lactic fermentation2.
The aim of work is to find the optimal separation system
for the rapid routine determination of selected acids. The acids
were separated under slightly alkaline conditions and detected
by directly by UV detector (214 nm). The capillary length
was 60 cm.3

This work was supported by project QH81056 of the Ministry
of Agriculture CR.
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KAROLÍNA BENEŠOVÁ and SYLVIE BĚLÁKOVÁ
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Sulphur-containing amino acids, a natural part of barley,
malt and beer, are precursors of volatile sulphur substances.
These volatile sulphur substances can unfavourably affect
sensory properties of beer even in very low concentrations.
Determination of amino acids in food is one of the most
labored analytical food analyses. A method used for the amino
acid analysis must be sufficiently accurate and sensitive; it
must be also sufficiently fast and experimentally undemanding. The method of gas chromatography was used to determine sulphur-containing amino acids (methionine and
cysteine) in barley, malt and beer. Before the analysis,
sulphur-containing amino acids were derived and volatile
N(O,S)-ethoxycarbonyl propyl esters were subsequently
analyzed using the gas chromatography with a selective flame
photometric detector1-3. Following validation parameters were
achieved: LOQ 1,6, R2 = 0,99974, RSD 15 %.
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4-P40
DEVELOPMENT OF CAPILLARY ZONE
ELECTROPHORESIS METHOD FOR MONITORING
OF SELECTED ORGANIC ACIDS IN FERMENTED
FOODS
MILOŠ DVOŘÁK, MILENA VESPALCOVÁ
and BOHUSLAV RITTICH

Lignocellulose is the major component of biomass,
comprising around half of the plant matter produced by photosynthesis. It consists of three types of polymers, cellulose,
hemicellulose and lignin that are strongly intermeshed and
chemically bonded by non-covalent forces and by covalent
cross-linkages. Only a small amount of the cellulose, hemicellulose and lignin produced as by-products in agriculture,
forestry or food industry is used, the rest is being considered

Brno University of Technology, Faculty of Chemistry
Purkyňova 118, 612 00 Brno, Czech Republic
mil.dvorak@seznam.cz
During the processing of food matrix by microorganisms, great number of various metabolites is formed. Simple
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crystalline morphology, the presence of catalytic residues or
un-reacted monomer, type of microorganism or mixed cultures
used and degradation conditions, etc.

as a waste. On the other side, these materials could represent
very attractive substrates for various biotechnological
processes; nevertheless, they must be turned into simple substances utilizable by yeasts and other biotechnologically
employed microorganisms.
This work was aimed at production and characterization
of enzyme cocktails able to hydrolyze lignocellulose and other
complex waste materials coming from forestry and food
industry. Enzymes were produced by fungal strains Aureobasidium pullulans, Fusarium solani and white-rot fungi
Phanerochaete chrysosporium. In particular, we focused on
production of cellulase, amylase, xylanase, lipase, protease
and ligninolytic enzymes: laccase, manganese- dependent
peroxidase and lignin peroxidase. The cultivations were
carried out in submersed mode in mineral medium
supplemented by waste co-substrates such as wheat bran, corn
bran, rice bran and oat bran, sawdust, rice and apple fiber.
Composition of the enzyme mixtures depended on the
co-substrate used as well as on the time of cultivation. The
highest activity of cellulase, amylase and xylanase were
observed during the first period of cultivation (up to the 7th
day of cultivation), after that their activity started to decrease
which was followed by an increase of ligninolytic enzymes
activity. Generally, the presence of waste co-substrate in the
medium strongly enhanced expression of the hydrolytic
enzymes. The only exception was Aureobasidium pullulans
which produced high amount of cellulase and xylanase in
basal mineral medium without any co-substrate. Finally,
produced enzyme cocktails were applied on selected wastes
(wheat bran, apple fiber etc.) and their hydrolysis was
observed.

Figure 1. SEM micrographs showing the PCL surface (meltpressing) after 42-day degradation by Bacillus subtilis in
nutritious (BH) medium (left one), in mineral medium (right
one)

Figure 2. SEM micrographs showing the PCL surface
(solution casting) after 42-day degradation by Bacillus subtilis
in nutritious (BH) medium (left one), in mineral medium
(right one)

This work was supported by project FR 2607/G4/2011 of
Ministry of Education of the Czech Republic and project
"Centre for Materials Research at FCH BUT" No.
CZ.1.05/2.1.00/01.0012 from ERDF.

The aim of this work was to study the degradation
behaviour of poly(ε-caprolactone) films, obtained by two
different methods; melt pressing and casting in chloroform, by
the action of bacterial strain Bacillus subtilis CCM 1999. PCL
films were aged in mineral (MS) and brain heart infusion
medium (BH) at 29 ± 1 °C and pH = 7 for 42-day degradation
period. The appearance of randomly oriented cracks on the
surface of incubated PCL films accompanied with a slight
decrease in molecular weight was observed after degradation
runs.

4-P42
DEPENDENCE OF BIODEGRADATION BEHAVIOR
OF POLYCAPROLACTONE FILM ON THE WAY OF
ITS PREPARATION
SOŇA HERMANOVÁ1, JIŘINA OMELKOVÁ2,
STANISLAVA VOBĚRKOVÁ1, RADKA BÁLKOVÁ1,
LUKÁŠ RICHTERA1 and LUDMILA MRAVCOVÁ3

This work was supported by the Ministry of Education of the
Czech Republic under project no. MSM 0021630501.
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Poly(ε-caprolactone) (PCL), a member of the family of
aliphatic polyesters, is one of a few synthetic polymers which
was proved to be biodegradable. Since environmental
degradation of PCL can occur due to the action of microorganisms frequently present in an ecosystem, this aliphatic
polyester represents a suitable candidate for the production of
biodegradable packaging materials. The degradation rate of
PCL is known to be significantly dependent on various parameters, such as molecular weight and its distribution,
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Hen eggs represent a rich source of important nutrients,
including lipids and carotenoids. The composition of hen eggs
can be manipulated be genetic selection or by nutritional
manipulation1.
The aim of this study was to compare the fatty acids,
cholesterol and carotenoids content of egg yolk of ISA Brown
and Araucana hens grown in free range housing system. Hens
received the same organic food, with no supplements and
water ad libitum. Fatty acids and cholesterol were analyzed by
GC-FID and carotenoids were quantified by RP-HPLC-PDA.
The major fatty acids in egg yolk were palmitic acid –
23,5 % and 25,6 %; oleic acid – 40,5 and 40,2 %; linoleic acid
– 14,8 % and 13,9 %; and stearic acid – 9,4 % and 9,6 % in
ISA Brown and, respectively in Araucana hens. Araucana
eggs showed a higher content of saturated fatty acids and a
lower content of unsaturated fatty acids. The results are in
agreement with previously reported data2,4. The total cholesterol content was 14,7 mg g-1 yolk for ISA Brown and 12,7
mg g-1 for Araucana hens. Since the hens received the same
diet, the fatty acids and the cholesterol content are influenced
by genetic factors.
Carotenoids were separated and quantified by HPLC
analysis. The major carotenoids were lutein and zeaxanthin
which accounts more than 75 % of total carotenoids. βcryptoxanthin, β-carotene and β-apocarotenal were present in
small amounts in both samples Lutein was found at 1,8
mg/100 g in ISA Brown and at 1,75 mg/100g in Araucana.
Zeaxanthin reached 0,97 mg/100 g and respectively 0,87
mg/100 g. The high content of zeaxanthin is related to the high
proportion of Zea mays in hens food, since the profile of
carotenoids in eggs is strictly influenced by the diet1,3. Organic
eggs of both breeding represents very good sources of highly
bioavailable lutein and zeaxanthin, pigments which are correlated with lower risk of age-related macular degeneration.

Beer is one of the most popular beverages in the all over
the world. It is available in numerous flavors and fashions.
Beer is famous not only for its freshness and a bitter taste, but
it has also a lot of healthy properties such as elimination of
toxic and waste materials out of the body thanks its diuretic
effect, prevention osteoporosis thanks potassium and sodium
content or anticancer properties thanks polyphenolic compounds.
Total of 30 samples of beers with different degree of
alcohol content were tested. Total phenolics, total flavonoids,
bitter substances and antioxidant activity were determined
spectrophotometrically. Basic brewing characteristics were
masured by pycnometry. Identification and quantitative analysis of individual phenolics was performed using on-line
HPLC/PDA/ESI/MS analysis (Thermo Fisher Scientific). Beer
phenolics were separated on Ultra Aqueous C18 column using
gradient elution with acetonitrile/ 1% acetic acid.
The highest content of total phenolics was determined
for 11° beer “Černá Hora”. Chlorogenic acid was found as the
most abundant beer flavonoid in 12° Budvar Buweiser. It was
proved, that iso-acids exhibit about 65,44 – 93,37 % of the
total bitter substances. These components are responsible for
the main part of beer bitterness. Alcohol free beers contained
in general lower amount of phenolics except “Bernard free”.
When compared with foreign beers, in Czech beers higher
level of majority of active compounds was detected and specific distribution of individual derivatives was found as well.
Results show, that composition of active substances is
not directly dependent on ethanol content, the main factor for
beer quality is probably used technology. Some types of
alcohol free beer could serve as beverage with very positive
effect on human health.
This work was supported by projects 2B08057 (NPV II) and
FR 2953/G4/2011 of the Czech Ministry of Education.
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Yeast can accumulate of selenium and copper. After
an absorption in gastro-intestinal tract, copper is bound to
albumin. Selenium is incorporated into organic seleniumcontaining compounds, mainly selenomethionine1,2.
Production strain Saccharomyces cerevisiae 612 was
cultivated under aerobic conditions for 48 hours with 0; 10;
20; 30; 40 and 50 mg l-1 of sodium selenite and with 0; 20; 40;
60; 80; 100 μg CuSO4 100 mg l-1, respectively. The medium
(YPD) contained (in g l-1): yeast extract 10; peptone 20;
glucose 35. The Se content in yeast cells was found increased
with increasing concentration of sodium selenite in the
medium3 and the highest value of Cu was reached using 100
μg of copper sulphate in the medium4 (Table I).

Cereals and pseudocereals (including spelt and
buckwheat) play an important role in maintaining good health.
Flours are significant source of bioactive compounds, e.g.
dietary fibre, vitamins, minerals and last but not least phenolic
compounds that are frequently associated with the health
benefits of cereals. Functional foods are specially designed
products with modified content of compounds of interest, most
frequently antioxidants. To do so, it is important to optimize
the extraction process leading to their isolation, characterization of their properties and to find conditions suitable for
their application is a way promising their maximum efficiency
in new matrix. The present study was focused on comparison
of five different extractions solvent systems used to prepare
extracts from spelt and buckwheat flours, i.e., absolute
ethanol, 50 % ethanol in water (v/v), distilled water, 20%
acetone in water (v/v) and 50% acetone in water (v/v).
Antioxidant and radical-scavenging activities of extracts were
tested involving several commonly assay, i.e. •DPPH and
ABTS•+ by means both UV-VIS and EPR spectroscopy. Total
phenolic content (TPC) was evaluated using Folin-Ciocalteau
assay. Besides them, CIE Lab color coordinates of all samples
were assessed under standardized conditions. As regards the
results obtained, significant differences in TPC content were
found especially between extracts prepared to absolute ethanol
and 50% acetone. For both, spelt and buckwheat extracts, 50%
acetone extract revealed the highest content of phenolic
compounds compared to the other extraction systems. Antioxidant activity asessed using the ABTS•+ test decreased in the
order: 50% Acetone > 50% EtOH > 20% Acetone > H2O >
EtOH, whereas in case of •DPPH assays, antioxidant activity
decreased in order: 50% Acetone > 20% Acetone > 50%
EtOH > H2O > EtOH. Results obtained indicate that the
extraction solvents significantly alter the antioxidant activity
of spelt and buckwheat flour extracts. In summary, absolute
ethanol is the least effective solvent for the extraction of
phenolic compounds from both types of flours, followed by
distilled water. On the contrary, 50% acetone could be
recommended as a solvent suitable to prepare antioxidant
extracts from spelt and buckwheat flours with maximum
polyphenols yield.

Table I, Biomass yield and total selenium and copper content
in Saccharomyces cerevisiae strain 612
Na2SeO3

Content of Se

CuSO4

Content of Cu

[mg l-1]

[mg kg-1]

[μg l-1]

[mg kg-1]

0
10
20
30
40
50

2,38
121
463
1068
1675
1741

0
20
40
60
80
100

3,46
7,2
11,2
14,8
16,8
21,6

This study confirmed the possibility of accumulation
of selenium and copper by Saccharomyces cerevisiae. Se, Cu
enriched biomass can be potentially used in human nutrition.
This work was supported by projects KEGA 334-013SPU4/2010 and VEGA 1/0740/08. Analysis were realised in cooperation with EL, Ltd. Spišská Nová Ves.
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JANA SÁDECKÁ1, MILAN SUHAJ1, KRISTÍNA
KUKUROVÁ1, ZUZANA CIESAROVÁ1, LUCIE
MARKOVÁ2, RENÁTA BELKOVÁ2 and IVAN
OSTROVSKÝ3

JAROMÍR POŘÍZKA, PAVEL DIVIŠ and JIŘINA
OMELKOVÁ
Brno University of Technology, Faculty of Chemistry,
Purkyňova 118, 612 00 Brno
jporizka@gmail.com

1

VÚP Food Research Institute, Priemyselná 4, 824 75
Bratislava, Slovak Republic, 2Brno University of Technology,
Faculty of Chemistry, Czech Republic, 3Institute of Chemistry,
Faculty of Natural Sciences, Comenius University in
Bratislava, Slovak Republic
sadecka@vup.sk

The aim of this pilot study is to compare the influence of
the agriculture on elemental content of vineyard components
(soil, leaves and grapes) and wines. In addition, radical
scavenging activity of wines from ecological and integrated
production was determined.
The determination of 22 elements (Li, Be, Na, K, Ca, V,
Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Sr, Mo, Cd, Sn, Ba, Tl, Pb
– selected by essentiality and possible toxicity)1 in extracts of
soil, leaves, grapes and wine samples collected from vineyards
of Ivaň (belongs to wine region Mikulov, bigest wine region in
Czech republic) was performed. For this purpose, inductively
coupled plasma-mass spectrometry has been used. For the
determination of elements influenced by polyatomic interferences, collision cell technology on He/H mode has been used.
The 115In was used as internal standard.
Main purpose of this elemental analysis was comparision
of vineyards, treated by different agriculture methods ecological (according to international federation of organic
agriculture movements) and integrated. Leaves and grapes
were from two varieties of Vitis vinifera - Pinot noir and
Sauvignon blanc. For comparsion of wines, only Pinot noir
2010 samples from ecological and integrated production were
analysed. All samples were from the same winegrower so we
get rid of influence of different technologies of treating and
winemaking.
Microwave assisted extraction was used for preparation
of samples of leaves and grapes. Soil samples were extracted
by 2M nitric acid (thermal assisted).
Antioxidant properties of Pinot noir cleret samples from
ecological and integrated production were investigated by
Electron paramagnetic resonance spectroscopy, using stable
radicals 1,1-diphenyl-2-picrylhydrazyl (DPPH)2. For evaluation EPR spectra, Origin and MicromathScientist software
were used. As reference technique UV-VIS spectroscopy
(734nm) using ABTS system was chosen3.

Sensory evaluation of food, especially, odour, taste, and
colour, has been always used as criteria in selection of food.
Cooking, baking and roasting are applied to make food more
palatable, digestible and microbiologically safe.
In order to improve some aspects of dough behaviour
and final bread quality, some additives are commonly used.
The choice of „bread improvers“ depends on legislative limits
and expected impact on product properties. The presented
work is focused on the comparison of the effect of seven different inorganic salts commonly used as improvers on acrylamide content in bread and parallelly on its sensory properties.
There were examined KH2PO4, NaH2PO4, Na2H2P2O7
and Na4P2O7 – each one of them in concentration of 2500
mg/kg of bread mix; and CaCl2, Ca-Lactate and NH4Cl - each
one of them in concentration of 3000 mg kg-1 of bread mix.
Sensory properties such as appearance of bread loaf, surface,
colour and crispness of crust, porosity of crumb and rise in
volume were scored in scale from 1 to 5, and odour and taste
from 0 to 100. Obtained results were evaluated by methods of
multivariate statistical analysis. There was observed positive
effect of CaCl2 addition on sensory quality and simultaneously
on 10 % decrease of acrylamide content in bread. Individual
applications of KH2PO4, NaH2PO4, Na4P2O7 and NH4Cl
resulted in negative perception of some sensory attributes of
evaluated bread while content of acrylamide was always
increased significantly.
Acrylamide possible mitigation strategy in a bread crust
was studied with respect to colour characteristics measured in
CIEXYZ, CIEL*a*b*, CIEL*u*v*, CIEL*C*H° and
HunterL*a*b* colour spaces, too. From all the examined
colour variables only 7 significantly correlated with acrylamide content. Colour characteristics b* from CIELab and
HunterLab colour space affirmed their relation to acrylamide
creation, but the most intensive correlation with acrylamide
was found for hue value v* derived from CIEL*u*v* colour
space. Results showed that the addition of inorganic salts
hasn’t expected considerable elimination impact in the bread
crust, but creation of acrylamide in a home bread maker’s
conditions was especially low in comparison to industrial
ones. This gives an additional study on potentiality of
acrylamide reduction in some industrial foods.

This work was supported by MŠMT ČR, grant No. 1821/2011.
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compounds, dominant constituents are: 3-methyl–butanol, 2phenylethanol, linalool and diethyl succinate. While the
relative content of 3-methyl–butanol has not changed significantly with wine production practice, different situation is
concerning the 2-phenylethanol and linalool. Their summary
content increased markedly from approx. 12% to approx. 21%
in conventional sample of wine. The content of diethyl
succinate has not changed with used wine production practice,
practically. It is obvious, that kind of wine production does not
have the significant influence on relative content of esters and
alcohols of organic acids, except to two esters: ethyl 2hydroxy-3-phenylpropanoate and benzyl salicylate.
There is the interesting situation in evaluation of
terpenes and their oxidized derivates, too. Some of them, such
as β-pinene, p-cymene, 1,8-cineole and D-limonene significantly decreased their contents (from 2 to 17times) in conventional samples of Chardonnay wine.

4-P49
COMPARISON OF VOLATILE AROMA-ACTIVE
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1
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4697/2009-810. Víno Natural Domin & Kušický, s.r.o. and
Agro-Movino, spol. s r.o. are gratefully acknowledged for
some free samples provision.

There are fundamental differences in organic and conventional production practices, but limited information is
available detailing how various practices influence the nutritional and sensorial quality of products. Seventeen organic (12
white and 5 red) and twenty nine conventional (19 white and
10 red) varietal high-quality dry wines with alcohol content
11-13% (vol.) with attributes "late harvest" or "special
selection" were sourced from three white wine varieties
(Chardonnay, Pinot blanc and Traminer red) and two red wine
varieties (Pinot noir and Cabernet Sauvignon). All the samples
were originated from the same very close vineyard sub-region
(Modrý Kameň) in middle Slovakian vineyard region.
Colour trichromatic measurements were made in a
Shimadzu UV-3600 spectrophotometer, using 10 mm path
length quarzglas cels. The whole transmission visible
spectrum (380-780 nm) was recorded and illuminat D65
(daylight source) and 10° observer (perception angle of a
human observer) were used as standard conditions. Colour
values of conventional and organic wines were calculated by
using the Shimadzu Special Edition software ColorLite
v.3.1.16. Colour characteristics were expressed by more than
twenty colour parameters in CIEXYZ, CIEL*a*b*,
CIEL*u*v*, CIEL*C*H° and HunterL*a*b* colour spaces.
Principal component analysis performed to all the colour data
was not able to distinguish organic from conventional wines
but canonical discriminant analysis correctly classified more
than 90% of the wine samples according to their affiliation to
organic and conventional viticulture.
The methods of GC/MS and GC/FID were used for study
of volatile aroma-active compounds in bio and conventional
produced wines of variety Chardonnay with attributes “dry,
late harvest”. The aim of our work was study of qualitative
and quantitative differences in profiles of “volatiles”,
distinguishing organic wine production practice from conventional one.
On the grounds of obtained results is evident that used
kind of wine production does not affect the qualitative profile
of volatiles apart from α-pinene and sorbic acid. α-Pinene was
not detected in the conventional sample of wine, on the
contrary, sorbic acid was not detected in the organic wine. It is
possible that ascorbic acid is present in conventional wine in
synthetic form, although, this substance exists in natural form,
too, but it does not occur in Chardonnay. Concerning the
relative contents of analysed wine volatile aroma-active

4-P50
SELECTED CHARACTERISTICS OF POULTRY
MECHANICALLY SEPARATED MEAT (MSM)
SILVIE ČÍŽKOVÁ and JAN ŠALPLACHTA
Faculty of Chemistry, Brno University of Technology,
Purkyňova 118, 612 00 Brno, Czech Republic
salplachta@fch.vutbr.cz
The MSM is obtained by removing remaining meat from
bones using mechanical means, where the normal structure of
the muscle fiber is mostly lost. The MSM technologies work
from a few bars pressure to high pressure separation. MSMs
are mostly intended as a part of food for human consumers.
The EU total amount of MSM produced was about 700 000
tones a year 2007 (77% of high pressure, 23% low pressure
MSM) and is growing. Poultry is the source of 88% of MSM,
while 12% part is pig. EU regulation obliges producers the
calcium content of MSM not exceeds 100mg/100g1. USDA
has set more stringent rules. At least 98% of the bone particles
have their size ≤ 0,5 mm, no bone particle is > 0,85 mm, bone
solids content is ≤ 3%, protein content is ≥ 14% and fat
content is ≤ 30% of MSM used in the formulation of meat
food products with some limitations e.g. MSM is prohibited in
junior, baby and toddler food2.
The aim of this study was to obtain and compare selected
characteristics of common poultry MSM produced by low and
high pressure technology from different stuff and to screen
MSM for the content and size of bone fragments.
Values of selected characteristics of poultry MSM were
dependent on the way of separation and the stuff used3. The
bone fragments were expected in the higher pressure products
in contrast to the low pressure MSM but not of 3 mm largesize (Tab.1). USDA measures fulfills only MSM from hand
chops as for the size of bone particles. The higher pressure
MSMs were also short in proteins3. The content of calcium
and/or bone solids meets both USDA and EU legislature. The
bone fragments of low pressure MSM of 1-1,9 mm size were
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proved. This finding needs a confirmation and an organoleptic
study of the food prepared from such MSM.

tested strains Furthermore, most strains were able to utilize
pure as well as waste glycerol to produce significant amounts
of biomass and pigments. The maximum pigment yields were
reached in a media with glycerol: glucose mixture 3:1. Using
glycerol as carbon source, similar carotenoid pigments as in
glucose medium were produced; the main pigments were betacarotene, torulene and torularhodin.
Cultivations on oil medium, growth was reduced and the
colour of the cultures was unusual. Extracellular lipase activity
in red yeast medium was relatively low. Higher activity was
found in all tested Rhodotorula strains, mainly in R.aurantiaca. Pigment composition was slightly changed using oil
medium; higher amount of xanthophylls was found and very
low level of beta carotene was formed in these conditions.
Thus, it can be concluded that using oil, as carbon source for
cultivation of red yeast is not recommended.
At the current annual production capacity (9,8 billion
liters of biodiesel), 980 million liters of glycerol/yr are
produced compared to a demand of only 216 million liters/yr.
This fact implies that waste glycerol after transesterification
can be used as medium component, which can induce carotenoid rich biomass production and influence its final quality.

Table I, Bone fragments in poultry MSM #(count/25g)3

MSM
Backs
Thighbone
Neck
Breastbone
Mixture
Sidebone
Articular
capsule
Hand chops
Mech. Chops
Mixture

Fragments

1 - 1,9
mm

2 - 2,9
mm

>3
mm

mg kg-1

#

#

#

7
7
6
5
5

2
1
1
2
2

Baader 601, Low pessure
135
2
0

0

Lima, higher pressure
481
10
429
12
458
13
965
16
516
11

89
20
138
143

3
0
6
1

0
0
0
0

0
0
0
0
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Carotenogenic yeasts are ubiquitous due to its worldwide
distribution in terrestrial, freshwater and marine habitats, and
have ability to colonize a large variety of substrates. For this
reason, various waste materials can be used as cheap substrates for its cultivation. In this work several red yeast strains
(Sporobolomyces roseus, Rhodotorula glutinis, Rhodotorula
rubra, Rhodotorula aurantiaca, Cystofilobasi-dium capitatum)
were enrolled into a comparative screening study. Each strain
was cultivated at optimal growth conditions and in medium
with glycerol and lipid sources alone and in mixture with
glucose. Obtained pigments and ergosterol were analyzed by
HPLC/PDA/MS/ESI device. Extracellular lipase activity was
measured spectrophotometrically.
Red yeasts prefer glucose as the main carbon source and
produced biomass in optimal condition was similar in all

The yeasts of genus Cryptococcus are widely occurring
pathogenic yeasts. The pathogen has a capsule composed of
complex polysaccharides that function in virulence in a
manner analogous to those of the classical encapsulated
bacteria. During the process of budding and release and degradation of capsular polysaccharides, the capsule undergoes
several changes probably as a consequence of transglycosylating and hydrolytic activities of enzymes.The aim of this study
was the partial purification and characterization of α-galactosidase from Cryptococcus laurentii CCY 17-3-29 which may
play a role in capsule modifications.
The cells were grown on medium with lactose as a Csource to the stationary phase. After homogenization they
were undergone fractional centrifugation. α-Galactosidase was
purified from the cytosole (CF) and after extraction from the

SINIŠA PETRIK, IVANA MÁROVÁ, ANDREA
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membranes (EMF), too. The purification path was represented
by liquid chromatography on CM-Sephadex C-50, SepharoseConcanavalin A and Superdex 75 or Superose 12 columns.
Enzyme was purified 101 fold from CF and 105 fold from
EMF, respectively, but three different protein zones were still
observed both by SDS PAGE and IEF PAGE for CF and even
more for EMF. According to liquid chromatography, the band
with Mr 130 kDa and Ip 4,2 can correspond to major form of
α-galactosidase from CF, but structural analysis (MALDI
TOF/TOF) of these bands failed because of low concentration
of proteins (silver-staining). The reason was the decrease of
enzyme solubility observed during purification.
Substrate for activity assay and the method were optimized. Enzyme obtained from both fractions was characterized
by its pH optimum, temperature optimum, pH stability and
thermal stability. The kinetic analysis was provided as well. αGalactosidase showed not only the ability to release galactosyl
group from substrate but possessed transglycosylation activities, too. The reverse hydrolysis was not observed.

According to CAZy (Carbohydrate-active enzymes database) based on structurally-related catalytic and carbohydratebinding modules (or functional domains) of enzymes that
degrade, modify, or create glycosidic bonds, these enzymes are
clearly positioned in glycoside hydrolase families. Glycosyltransferase group is according this classification formed solely
from enzymes utilizing donors modified with nucleotides.
Transglycosylases of the plant and fungal cell wall are enzymes
taking part in the modification of polysacchrides and their
incorporation into the cell wall. These enzymes enable the cell
walls to behave as dynamic structures, e.g. they enable the
expansion and remodeling of the cell wall during cell growth
without its weakening. The best-known enzyme from this
group is plant xyloglucan endotransglycosylase (XET, EC
2.4.1.207 or member of GH 16 family). A mechanism of
transglycosylation, the character of its bi-bi reaction, the discovery of unspecific XETs changing the concept in the realization
of cross-linking of cell wall polysaccharides as well as the
development of specific methods for transglycosylase assays
will be explained on this model. Identification of other types of
transglycosylases in plants will be discussed as well as the
transglycosylating activities and the responsible enzymes in the
cell walls of yeasts and fungi.

This contribution is the result of the project implementation:
Centre of excellence for glycomics, ITMS 26240120031,
supported by the Research & Development Operational
Programme funded by the ERDF (50 %). The financial
support from the Institutional Research Plan No.
MO0FVZ0000501 from the Faculty of Military Health
Sciences, University of Defence, Czech Republic is greatly
appreciated, too.
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Classification of enzymes in Enzyme nomenclature is
based on the reaction they catalyze. Glycosyltransferases (EC
2.4) transfer generally sugar from oligosaccharide or a highenergy compound (donor unit modified with nucleotide) to
another carbohydrate molecule as an acceptor. Some of these
enzymes have also hydrolytic activity which can be regarded
as a transfer of a glycosyl group from the donor to water.
Glycosylhydrolases (EC 3.2) catalyze the hydrolytic cleavage
of glycosidic bonds. But this requires not only the removal of
a particular glycosyl group from substrate but likewise the
transfer of this group to suitable acceptor - water. In principle,
all hydrolytic enzymes may be classified as transferases, since
hydrolysis itself can be regarded as a transfer of a specific
group to water as an acceptor. Probably this was the reason to
classify a special group of enzymes, transglycosylases, as
glycosyltransferases. In this case, the catalysis is realized in
two stages. In the first one, they cleave polysaccharides
forming smaller units, what is typical for hydrolases. Then the
fragment with newly created reducing end is transferred to
another saccharide (transglycosylation) instead of water
(hydrolysis).

The scientists have been dealing with the possibility and
techniques of adjustment of water pollution by heavy metals
for several decades. At the present time, there exist numerous
chemical and physical techniques. The main disadvantages of
these techniques are low effectiveness at lower concentrations
and a production of secondary waste1. Therefore the attention
is oriented to search for simple, effective, cheap and ecological method, such as biosorption, wich is based on the bond
of metals onto cellular structure2,3 (microbial or vegetable
cells).
The aim of this work is the study of the biosorption of
heavy metal (copper, lead and zinc) on thermophilic bacteria
of the genus Geobacillus (G. thermodenitrificans CCM 2566
and G. thermocatenulatus CCM 2809). The optimal value of
pH was determined as 5 for copper and zinc and 4 for lead.
The 20 ml solution of metal with concentration 0,5 g l-1
2+
(Cu , Zn2+), resp. 1 g l-1 (Pb2+) was mixed with dry biomass
with concentration 0,5; 1; 2 and 3 g l-1. The mixture was incubated at 25 °C and 100 rpm for 12 hours. The biomass was
harvested by centrifugation at 6000 rpm for 10 min. The
supernatant was used for complexometric titration.
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Table I, Content of protein, glucose and lipid in S.cerevisiae
[g kg-1]

By the use of biomass G. thermodenitrificans we were
able to reach the following results. For Cu2+ ions the adsorption capacity was highest, using concentration of biomass at
0,5 g l-1 (56,9 mg g-1). The adsorption capacity rapidly
decreased with increased concentrations and at certain value
stops decreasing completely, around the value of 20 mg g-1.
Similarly for Zn2+ ions, the highest adsorption capacity is for
concentration of biomass at 0,5 g l-1 (14,6 mg g-1) and slowly
decreases at the capacity of 7,4 mg g-1. For Pb2+ ions, the
decrease is almost linear to the concentration of biomass of
2 g l-1, i.e. from 109,5 mg g-1 to 52,7 mg g-1.
The adsorption capacity for Cu2+ ions of the G. thermocatenulatus is highest at the lowest concentration of biomass
(64,7 mg g-1), then it steeply decreases and at concen-tration
of biomass of 1 g l-1 does not change. In case of Zn2+ ions, we
can see a moderate drop with the increasing concentration
with the range of 20,6 – 12,8 mg g-1. For Pb2+ ions, the
decrease is slow, down from adsorption capacity of 105,9
mg g-1 to 54,2 mg g-1.
Affinity of metals to bacteria was determined in the
order Pb > Cu > Zn. The results show, that G. thermocatenulatus has better adsorption capabilities than G. thermodenitrificans.

Compound
Protein
Glucose
Lipid

strain Kolín
489,7
0,4
58,8

strain 612
458
7,83
54,6

strain Gyöng
422
15,51
53,1

The biomass of yeast is characterized by high content
of vitamins, particularly of the type B, such as strain Kolín,
which had a concentraion of vitamin B2 20,6 mg kg-1.
This work was supported by projects KEGA 334-013SPU4/2010 and VEGA 1/0740/08. Analysis were realised in cooperation with EL, Ltd. Spišská Nová Ves.
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Antioxidants are specific substances, which oxidate
themselves and in this way they protect other sensitive bioactive food components against destruction. At the same time
they restrict the activity of free radicals and change them to
less active forms. Large group of antioxidants are polyphenols, which affect sensory properties of fruit and vegetables,
like colour (anthocyans), taste (flavonoids) or odour
(phenols)1. The signiticant source of polyphenolic compounds
are wines. Polyphenols (in optimal amount and combination),
found maily in red wines, have very complex (positively)
effects on organism.
The aim of this work was to determine chosen antioxidant properties of the most sold brand red wines –
Blaufränkisch and St. Laurent, originating from different
Slovakia vineyard regions. Total polyphenols contents was
determined with phenol Folin-Ciocalteau´s reagent2, the
content of total anthocyanins was determined by pH differential method3 and antioxidant activity was determined using
DPPH stable free radical4. All three parameters were determined by UV-VIS absorption spectrometry.

Yeasts have been tapped as sources of vitamins, antioxidants and as supplements for their nutraceutical or healthpromoting attributes1. The composition of three yeast strains
biomass of Saccharomyces cerevisiae, i.e. Kolín, 612 and
Gyöng was studied.
The yeasts were grown on YPD medium containing
10 g l-1 yeast extract, 20 g l-1 peptone and 35 g l-1 glucose
with natural pH 6,6. Results confirmed a significant content
of protein in obtained biomass, while the concentration of
glucose and fat was relatively low2 (Table I).
The biomass of yeast is relatively high in protein.
The high concentration of glucose and low content of lipid3
was not observed in our study.
The analysis of amino acids composition showed the
presence of all essential amino acids. The results confirmed
the high quantitave and qualitative value of proteins of
S. cerevisiae. The yeast biomass contained five times the
cereal protein content. The biological value of these proteins is
higher thanks to the presence of sulphur amino acids4.
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The determined total polyphenol contents in observed
wines were within the interval 1668 – 2734 mg l-1
(Blaufränkisch), respectively 1409 – 3276 mg l-1 (St. Laurent).
Total anthocyanin contents in wines were within the interval
156,9 – 450 mg l-1 (Blaufränkisch), resp. not detectable –
460,1 mg l-1 (St. Laurent). Antioxidant activity in wines was
within the interval 80,2 – 86,0 % (Blaufränkisch), respectively
71,0 – 84,1 % (St. Laurent). The results of measured properties (total polyphenol contents, total anthocyanin contents and
antioxidant activities) of the wines originating from different
vineyard Slovak regions are not statisticaly significant. The
only one exception is total polyphenol contents in wine – St.
Laurent, where statisticaly significant differences were foud in
wines originating from South-slovak and Little Carpathian
vineyard regions.

chloroform extraction and ethanol precipitation. Purificated
DNAs were amplified using PCR and screened for the
occurence of genes for gassericin K7A, gassericin K7B,
acidocin A, acidocin B, gassericin A, gassericin T and
lactacin F1. DNA/DNA hybridization with specific probes
labeled with digoxigenin followed by imunological detection
of hybridisation products were used for detection of some
above mentioned bacteriocins. Specific probes were prepared
using PCR and DNA of Lactobacillus gasseri K7 or
Lactobacillus johnsonii CCM 2935.
Specific PCR products were detected for gassericin K7A
(6 strains), gassericin K7B (5 strains), acidocin A (1 strain),
acidocin B (1strain), gassericin T(6 strains), gassericin A (2
strains) and lactacin F (0 strain) using PCR and specific
primers. The results were confirmed for gassericin K7A and
gassericin K7B using DNA/DNA hybridization with exception
of one strain.
We detected the occurrence at least one bacteriocin gene
in DNA of 12 new isolated strains of Lactobacillus using
PCR. The production of proteinaceous antimicrobial substances by these strains will be tested using agar-spot test and agar
diffusion test.
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Bacteria of the genus Lactobacillus are a major part of
the lactic acid bacteria group. Many species of Lactobacillus
are known to produce bacteriocins. Bacteriocins are antibacterial proteins that kill or inhibit the growth of other bacteria including pathogenic bacteria. The potential use of bacteriocin producing strains as probiotics and bioprotective agents
has recently received increased attention.
The aim of the study was screening of 45 Lactobacillus
strains for bacteriocin genes using polymerase chain reaction
(PCR) with specific primers and using DNA/DNA hybridization with specific probes. Strains were isolated from
healthy breast-fed babies and collected in Czech Collection of
Dairy Microorganisms (CCDM, Tábor, Czech Republic). All
strains were cultivated in MRS medium at 37 °C for 2 days
aerobically or anaerobically. DNAs were isolated using fenol-

The aim of this work was to evaluate the influence of the
DNA isolation method on the characterization of the microbial
community of a dairy product by DGGE.
The total and cultivable microbial community of a dairy
product was assessed. The total DNA was isolated from 1 ml
of the dairy product. To analyse the cultivable microbial
community of the dairy product, two approaches were used:
i) cultivation of a sample of the dairy product in MRS broth,
followed by the extraction of DNA from the biomass after
centrifugation and ii) cultivation of a sample of the dairy product on MRS plates and followed by the extraction of DNA
from the isolated colonies.
For DNA isolation the following methods were used:
PowerSoil DNA Isolation Kit (MoBio), Genomic DNA Purification Kit (Fermentas), the method described by Meng

1
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et al.1, isolation by magnetic particles MPG Uncoated
MCPG05022. For DNA quantification Quibit Flourometer was
used.
DNA isolated by different methods was amplified with
the universal bacterial primers F338GC, R5183 in PCR
reaction (94 °C 5min, 30 cycles of 92 °C 30s, 55 °C 30s,
72 °C 30s and final extention 72 °C 30min). The PCR
products were run in DGGE (gradient 6-9% acrylamide, 3058% of dena-turant) and the profiles were compared.
DNA was successfully isolated from all three matrices
by all the DNA isolation methods. However, the higher
amount of DNA was obtained when the Genomic DNA
Purification Kit (Fermentas) was used. Nevertheless, the
quality of DNA was sufficient for PCR amplification,
irrespectively of the DNA isolation method used.
The DGGE profiles based on the diversity of 16S rRNA
bacterial gene sequence revealed two major bands, regardless
to the extraction method.
All tested methods were suitable to isolate DNA from a
probiotic dairy product. DGGE proved that there was no
significant difference between the methods.
1.
2.
3.

polymerase chain reaction (PCR) was also subject of the
thesis. Of the total number of 24 purified bacterial strains
isolated during the alcoholic fermentation, 22 strains were
identified into the genus Lactobacillus by the genus-specific
PCR and the remaining 2 strains as species Oenoccocus oeni
by the species-specific PCR. Subsequently, from 22 bacterial
strains of the genus Lactobacillus 9 strains were classified as
Lbc. paracasei, 7 strains as Lbc. plantarum, and 1 strain as
Lbc. Fermentum. The remaining 5 strains have not been
identified into species yet.
Then, the analysis explored the effect of the way
of wine growing (organic and integrated) on species representation of lactic acid bacteria in grape must during the
primary fermentation. The experimental results show that the
method of wine growing had an impact on both the number of
viable cells as well as the species representation of lactic acid
bacteria during the alcoholic fermentation of grape must.
Whereas on the first day of alcoholic fermentation the number
of lactic acid bacteria did not differ significantly, in the later
stage of primary fermentation lactic acid bacteria developed
better in the variety from organic vineyard. Similarly,
the species representation varied; in the variety from organic
vineyard were isolated all four tested species, while in the
variety from integrated vineyard were isolated only two.

Meng X. C., Pang R., Wang C., Wang LQ.: J. Dairy Res.
77, 498 (2010).
Rittich B., Španová A., Šálek P., Němcová P., Trachtová
Š., Horák D.: J. Magnetism Magn. Mat. 321, 1667
(2009).
Muyzer G., de Waal E. C., Uitterlinden A. G.: Appl.
Environ. Microbiol. 59, 695 (1993).
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Winemaking can be summarized as the biotransformation of must into wine, which is carried out principally
by Saccharomyces cerevisiae strains during the primary,
i.e. alcoholic, fermentation. A secondary fermentation, the socalled malolactic fermentation (MLF), assures biodeacidification that is also often encouraged, since it improves wine
stability and quality. Malolactic fermentation usually takes
place after alcoholic fermentation, but may also occur simultaneously with the primary fermentation. During the fermentation, lactic acid bacteria metabolize malic acid to form lactic
acid and CO21. Strain of lactic acid bacteria isolated from wine
belong to the genera Lactobacillus, Oenococcus and
Pediococcus, although MLF is largely controlled by Oenococcus oeni2.
The aim of this work was to monitor the total number
of lactic acid bacteria occurring in grape must during wine
production. The study was performed on the white wine grape
variety Sauvignon from both organic and integrated vineyards.
The isolation of pure cultures of lactic acid bacteria from
mixed cultures and subsequently their identification by
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Black elder (Sambucus nigra L.) grows wild in several
countries of Europe and is cultivated on a small scale in some
European countries. It contains many health promoting substances, which could, in the form of new products, enrich the
consumer market. Successful commercial use of elderberry
fruits depends especially on their good flavour, which is related to the content of volatile aroma active substances1.
The aroma of elder flowers2 and elder berries1,3 have
been characterized before in detail by several authors and
more than 100 volatiles have been identified. Jensen et al.4
divided the aroma compounds of the elderberry into six odour
classes: elderberry, flowery, fruity, grassy, agrestic and
miscellaneous. The characteristic elderberry odour is related to
dihydroedulan, β-damascenone and ethyl-9-decenoate. In the
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flowery group (Z)- and (E)-rose oxide, nerol oxide, 1-nonanal
and hotrienol contribute significantly with elder flower notes,
whereas linalool, α-terpineol, benzyl alcohol, 2-phenylethanol
and phenylacetaldehyde contribute with flowery notes. The
fruity odour of elderberry juice appears to be related to alcohols, aldehydes and esters of lower carboxylic acids and lower
alcohols. The grassy group is composed of well-known
aliphatic aldehydes and alcohols with typical odors of green
grass. 1-octen-3-one and 1-octen-3-ol with mushroom note
and 3-hydroxy-2-butanone with creamy, buttery note belong
to the agrestic group. Benzaldehyde with its candy, sweet note
could be placed to miscellaneous group, also lower carboxylic
acids and ketones with creamy, oily or buttery odour1,3.
The aim of this project was to identify and quantify the
volatile aroma active compounds in samples of elderberries
grown in Czech Republic. Wild elder and four cultivars of
cultivated elderberries (Bohatka, Dana, Albida and
Haschberg) were used for analysis. Aroma compounds were
extracted by solid phase microextraction method and analysed
by GC-FID and GC-MS. In total, 84 aroma compounds were
identified and quantified, mainly alcohols, aldehydes and
esters. Most of them are well known aroma compounds and
have previously been detected in elderberries1,3. However,
significant differences (P < 0,05) in content of single aroma
compounds were found among samples, which is in accordance with other authors1,3.

colours, preservatives and water1,2. Dairy ingredients means
butter, cottage cheese, milk concentrates (e.g. skimmed milk
powder, whey powder, caseinates) etc. Chemical composition
of processed cheese depends on a processed cheese type, raw
materials used3 and manufacturing processes4.
The aim of this project was to monitor changes of the
volatile aroma active compounds and several sensory
attributes in samples of sterilized processed cheeses. Sterilized
cheeses were stored at 6 ± 2 °C, 23 ± 2 °C, 40 ± 2 °C during
two years. Pasteurized processed cheeses used for comparison
were stored only at 6 ± 2 °C during six month.
Head space solid phase microextraction (HS–SPME)
was used for isolation of volatile compounds. Extracted compounds were identified and quantified by followed gas
chromatography analysis.
In processed cheeses total of 23 volatile compounds
were identified. They included 8 alcohols, 5 aldehydes, 5
ketones, 4 acids and 1 ester. Sterilization heating and consequent storage at higher temperature caused increase in amount
of most of the aromatic compounds.
The sensory quality of processed cheese was described
by scale test5. Differences between cheese flavours were
evaluated by Kruskall-Wallis statistical test. The relationship
between sensory perception and volatile compound content
was determined statistically with Pearson correlation coefficients.

This work was kindly supported by a project of MŠMT ČR
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PRF_2010_028 of the Palacky University.

This work was kindly supported by a project of MŠMT ČR
(Grant No. MSM 0021630501).
REFERENCES
1. Guinee T.P., in book: Encyclopedia of Dairy science
(Roginski H., ed.). Academic press, p. 411, London 2003.
2. Kristensen D., Hansen E., Arndal A., Trinderup R.A.,
Skibsted L. H.: Int. Dairy J. 11, 837 (2001).
3. Buňka F., Hrabě J., Kráčmar S.: Int. Dairy J. 14, 829
(2004).
4. Kramer A., Szczesniak A.S., in book: Texture
measurements of food, chapt. 1, p. 5. D. Riedel,
Dordrecht 1973
5. Lawless H. T., Heymann H., in book: Sensory Evaluation
of food, chapt. 7, p. 254. Kluwer Academic/Plenum
Publishers, New York 1999.

REFERENCES
1. Kaack K., Christensen L. P., Hughes M., Eder R.: Eur.
Food Res. Technol. 221, 244 (2005).
2. Kaack K., Christensen L. P., Hughes M., Eder R.: Eur.
Food Res. Technol. 223, 57 (2006).
3. Kaack K.: Eur. Food Res. Technol. 227, 45 (2008).
4. Jensen K., Christensen L. P., Hansen M., Jørgensen U.,
Kaack K.: J. Sci. Food Agric. 81, 237 (2000).
4-P61
RELATIONSHIP BETWEEN VOLATILE
COMPOUNDS CONTENT AND SENSORY
ATTRIBUTES OF STERILIZED PROCESSED CHEESE

4-P62
THE CONTENT OF LACTIC ACID BACTERIA IN
CHOSEN PROBIOTIC FOODS

EVA VÍTOVÁ1, BLANKA LOUPANCOVÁ1, RADKA
DIVIŠOVÁ1, KATEŘINA SKLENÁŘOVÁ1
and MIROSLAV FIŠERA2

EVA VÍTOVÁ, BLANKA LOUPANCOVÁ, RADKA
DIVIŠOVÁ, KATEŘINA SKLENÁŘOVÁ and LIBOR
BABÁK

1

Faculty of Chemistry, Brno University of Technology,
Purkyňova 118, 612 00 Brno, Czech Republic, 2Faculty of
Technology, Tomas Bata University, Náměstí T.G. Masaryka
588, 760 01 Zlín, Czech Republic
evavitova@post.cz

Faculty of Chemistry, Brno University of Technology,
Purkyňova 118, 612 00 Brno, Czech Republic
evavitova@post.cz

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 product type, include dairy ingredients,
vegetables, meats, stabilizers, emulsifying salts, flavours,

Probiotics, live microbial food supplements that beneficially affect the host by improving its intestinal microbial
balance, are quickly gaining interest as functional foods1.
Microbes have been used for thousands years in foods
and drinks, however, relatively recently have undergone
scientific scrutiny to examine their purported health benefits.
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Some of the claims about a beneficial effect of probiotic
consumption include: improving intestinal tract health,
enhancing the immune system, enhancing the bioavailability
of nutrients, reducing symptoms of lactose intolerance, decreasing the prevalence of allergy, and reducing risk of certain
cancers2. The mechanisms by which probiotics exert their
effects are still speculative, but may involve modifying gut
pH, antagonizing pathogens through production of antimicrobial compounds, competing pathogen by binding for receptor
sites as well as for available nutrients and growth factors,
stimulating immunomodulatory cells, and producing lactase3.
The widely used probiotics are the lactic acid bacteria,
particularly the Lactobacillus and Bifidobacterium species1.
However, there are reports on the probiotic potential of Pediococcus, Lactococcus, Bacillus and yeasts4. The main criteria
for use include the ability to: exert a beneficial effect on the
host, survive transit through the intestinal tract, adhere to the
intestinal epithelial cell lining, produce antimicrobial
substances towards pathogens, stabilize the intestinal microflora. Probiotics must also have good shelf-life in foods,
contain a large number of viable cells at the time of consumption and be non-pathogenic and nontoxic3.
Worldwide, probiotics are currently available in a variety
of food products and supplements, particularly in yogurts and
fermented milk products, cheeses, ice creams, butter, meat
products and others1. Studies show an effective dose of 1091010 organisms per day, which corresponds to an intake of
about a liter of fermented milk per day3.
The aim of this work was to assess and compare the
content of lactic acid bacteria in chosen probiotic foods
available in Czech market. Coeuret et al.1 also demonstrated
the need to control lactobacilli present in commercial probiotic
food products, because the identity and number of species do
not always correspond to those stated on the labels.
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Enzyme xyloglucan endotransglycosylase (XET, EC
2.4.1.207) catalyzes cleavage of xyloglucan molecule (XG),
after which the strand with the non-reducing end is released
while the enzyme remains attached to the other strand and
connect strand with newly created reducing end with a nonreducing end of another XG molecule or xyloglucan oligosaccharide (XGOS).
The typical transglycosylation reaction catalyzed by
XET between substrate pairs XG/XGOS was already detected
and partly characterized in most plants, including parsley. But,
in recent years, a new type of transglycosylation reaction was
reported, so called heterotransglycosylation, which represents
the reaction, where donor and acceptor are polysaccharides of
different type. This reaction is in germinating seeds of parsley
probably catalysed by nonspecific form of XET, analogous to
heterotransglycosylation activities in germinating seeds of
nasturtium.
The fluorescently labeled oligosaccharides were used for
detection of transglycosylating activities. The incorporation of
donor into these acceptors was monitored in protein extracts
derived from germinating seeds of parsley by HPLC method.
The method of isoelectric focusing (IEF-PAGE) was used for
detection of the presence of XET multiple forms.
Number of XETs with different pI in the range from 4,55
to 5,9, was determined by IEF-PAGE in parsley seeds. By
HPLC method, already described activities were approved
(i.g. XG/ XGOS, XG/pustulooligosaccharides), and also
heterotransglycosylase activities by using new, by now
unknown donor/acceptor pairs were detected, e.g.
XG/laminariooligosaccharides, XG/β(1-3,1-4)-glucan oligosaccharides.
The results suggested the presence of number of XETs
with different pI and also a large spectrum of donor/acceptor
pairs, whose heterotransglycosylation reaction is catalyzed by
nonspecific form of XET presents in germinating seeds of
parsley.
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Enzyme xyloglucan endotransglycosylase (XET, EC
2.4.1.207) catalyzes cleavage of β-(1-4) glycosidic bonds of
xyloglucan molecule (XG). Cleavage chain of XG containing
newly created reducing end is transferred on hydroxyl group
of C-4 glucosic unit of non-reducing end of XG acceptor
molecule or xyloglucan oligosacharides (XGOS).
Besides typical XET-catalysed transglycosylation
between substrate pairs XG/XGOS, new type of the transglycosylation reaction, called heterotransglycosylation, was
described in germinating seeds of nasturtium, introducing
reaction where acceptor and donor are polysaccharides of
different type. These activities were assigned to nonspecific
majority form of XET. The presence of other types of
transglycosylases except XET, have not been confirmed on
molecular level in any plants yet.
Fluorescently labeled oligosaccharides are used for detection of transglycosylating activities. The incorporation of
donor to these acceptors was monitored in protein extracts
derived from germinating seeds of nasturtium by means of
HPLC method.
By HPLC method all described heterotransglycosylating
activities except the incorporation of XG to pustulooligosaccharides (PUOS) were approved and also new activities on
by now undocumented donor/acceptor pairs were detected.
From seven types of polysaccharides, XET was able to accept
as donor substrate except XG, also hydroxyethylcellulose and
laminarin which were incorporated into fluorescent labeled
XGOS. Even more oligosaccharides were able to act as
acceptor substrate of this enzyme.
The incorporation of fluorescently labeled oligosaccharides into the primary cell wall was confirmed by microscopy.
The results suggest the existence of even more
donor/acceptor pairs, whose reaction is catalyzed by nonspecific majority form of XET from germinating seeds of
nasturtium.

Pustulan is a typical polysaccharide of the yeast cell
wall. Its presence in the plant cell walls was not described. By
contrast, incorporation of xyloglucan chains (XG) to
sulforhodamine labeled pustulooligosaccharides (PUOS-SR)
by an action of unspecific xyloglucan endotransglycosylase
(XET, EC 2.4.1.207) from germinating seeds of nasturtium
was detected using dot blot method.
The aim of this work was to verify this result using
methods of HPLC with fluorescent detector for reaction
mixtures composed from protein extract with appropriate
donor substrate (unlabeled polysaccharides) and PUOS-SR as
an acceptor and fluorescent microscopy for the incorporation
of PUOS-SR to the cell structures of nasturtium germinating
seeds.
No reaction between XG and PUOS-SR was observed by
HPLC. The other described reactions, e.g. between substrate
pairs XG/xyloglucan oligosaccharides, XG/cello- oligosaccharides, XG/xylo-oligosaccharides, XG/laminari- oligosaccharides and XG/1,3-1,4-gluco-oligosaccharides were confirmed.
From these reasons, the reaction between PUOS-SR and eight
other polysaccharides was proved. The only interaction was
detected between substrate pairs hydroxyethylcellulose (HEC)
/PUOS-SR and laminarin/ PUOS-SR, two known components
of the cell wall of yeasts.
Whereas PUOS-SR were not incorporated in to the cell
wall of germinating nasturtium, the microscopy confirmed
these results. Surprisingly, PUOS-SR were built in
plazmalema indicating the presence of suitable naked polysaccharide in this structure.
These results suggest the importance of use of more
pararel methods for verifying of new-found heterotransglycosylating activities in plant extracts as well as a presence
of an unknown enzyme in germinating nasturtium seeds with
the ability to incorporate HEC and laminarin in to PUOS-SR.
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4-P66
PRODUCTION OF CELLULASE AND
POLYGALACTURONASE ON PLANT ORIGIN
WASTE

4-P67
MONITORING AND DEGRADATION OF PESTICIDES
WITHIN VEGETABLE GROWING IN THE SYSTEM
OF INTEGRATED CROP PROTECTION

MIROSLAVA ZICHOVÁ, KATEŘINA ILLKOVÁ,
KAMILA HABÁNÍKOVÁ and JIŘINA OMELKOVÁ

VOJTĚCH HRBEK, JANA URBANOVÁ, VLADIMÍR
KOCOUREK and JANA HAJŠLOVÁ
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Institute of Chemical Technology Prague, Department of Food
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Production of cellulase and polygalacturonase by
Aspergillus niger and Aureobasidium pullulans was studied
in submerged (SmF) and solid state fermentation (SSF)
systems. Substrates used in fermentation systems were mandarin peels and grape pomace.
With Aspergillus niger used on grape pomace as a sole
carbon source, cellulase production was detected after 72
hours in SSF and after 24 hours in SmF systems. The activity
of cellulase per gram of substrate was higher in a submerged
than in a solid state fermentation system. The longer time for
higher polygalacturonase production was necessary in submerged fermentation systems and polygalacturonase activity was
higher in SmF. The SSF fermentation with mandarin peels as a
sole carbon source was similar, the highest detected activity of
cellulase was determined after 72 hours. Different production
of polygalacturonase was observed on mandarin peels in SmF
systems. A comparison of enzyme productivities on grape
pomace and mandarin peels showed that polygalacturonase
activity per gram of substrate is highest in SmF system with
mandarin peels as a sole carbon source.
With Aureobasidium pullulans used on grape pomace as
a sole carbon source, cellulase production was detected after
48 hours in SmF and SSF fermentation systems. The activity
of cellulase per gram of substrate was higher in solid state
system than in a submerged fermentation system. Longer time
for higher polygalacturonase production was necessary in both
fermentation systems. Polygalacturonase activity was higher
in SmF. The SSF fermentation with mandarin peels as a sole
carbon source was similar, the highest detected activity of
cellulase was determined after 48 hours. Different production
of polygalacturonase was observed on mandarin peels in SmF
systems. A comparison of enzyme productivities on grape
pomace and mandarin peels showed that polygalacturonase
activity per gram of substrate is highest in SmF system with
mandarin peels as a sole carbon source. For both systems and
both substrates manganese-dependent peroxidase was detected
for the first time.
Differences in the enzyme synthesis by Aspergillus niger
and Aureobasidium pullulans depend on both the substrates
used as well as on the fermentation system.

Pesticides have become an integral part of modern
agriculture, they are chemical substances used primarily to
protect crops during the pre-harvest period and storage1.
Potential adverse effects on non-target organisms, including
also humans, is one of the main disadvantage of their application. Therefore, the maximum amount of these substances in
food is regulated by the maximum residue limits (MRL).
Monitoring of pesticide residues is carried out both at national
and international level e.g. within European Union.
Nowadays consumers prefer healthy products of higher
quality thus more demands are placed particularly on the
production that leads also to minimization of pesticides
residues. In this context is used integrated crops management.
Aim is such measure, which lead to exclusion of unilateral
application of chemical protection.The ultimate goal is to
achieve high-quality production of crops by ecologically
appropriate and economically acceptable methods.
Within this study will be presented results of analyzes of
pesticides residues that are a part of the project focused on the
protection of the main species of field vegetables against
pests.Monitoring of pesticide residues in samples of
vegetables (celery, onion, cauliflower, carrots, lettuce,...) from
small farmers was the first part of our study. In none of the
sixteen analyzed samples of vegetables were not exceeded
MRLs.
The next task was to study the dynamics of pesticide
residues from small plot experiments (model treatments of
parsley). Selected pesticide preparations (10 active substances)
were applied on parsley and samples were taken to analysis of
pesticides at weekly intervals (three replicates).The MRL was
exceeded only by spinosadin parsley sampled three days after
pesticide application (0,028 ± 0,008 mg kg-1, MRL= 0,020
mg kg-1). No other active substances have exceeded the
legislation limit. The distribution of analytes in parsley was
also determined by comparison of amount of residues in a root
and leaves.The greatest amount of pesticides residues was
found for azoxystrobin which was present in the parsley root
and in the parsley leaves too, but on the other hand,
azoxystrobin showed the largest percentage decline over time.
The study wascarriedoutwithintheprojectNAZV QH81292
supported by theMinistry ofAgriculture,Czech Republic.
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4-P69
THE ROLE OF ENTEROCOCCI IN TYRAMINE
FORMATION IN TYPICAL CZECH FERMENTED
SAUSAGES HERKULES

4-P68
MOLECULAR IDENTIFICATION OF SELECTED
SPECIES OF LACTIC ACID BACTERIA AND
BIFIDOBACTERIA IN FOOD ADDITIVES
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The aim of this study was isolation, identification and
characterization of bacteria of the genus Enterococcus from
probiotic Czech fermented sausages Herkules and evaluation
of their role in biogenic amine tyramine formation during
fermentation, ripening and storage of those sausages. Sausages
were made at two different producers (A and B). All together,
two types of products were made at each producer, according
to the traditional recepture: probiotic Herkules, where probiotic strain L. casei 01 was applied and typical traditional
Herkules as a control. The sausages were fermented at 15°C
for 28 days and as final products storaged at 6,0 ± 0,5 °C
during the whole expiration period (21 days after production).
In all sausages, numbers of single probiotic cells, numbers of
enterococci and concentration of tyramine were monitored
during the fermentation and during the whole expiration
period of products (storage at 6,0 ± 0,5 °C) . The samples were
taken each 7 days for analysis. In probiotic sausages, the
numbers of probiotics during the whole analysis were higher
than 106 KTJ/g of a product. Altogether 380 suspected
enterococci isolates were obtained from sausages samples
during analysis. Using genus-specific PCR, 370 isolates were
identified as the members of the genus Enterococcus. For
identification of isolates into the species level, species-specific
PCR was used. Among 350 Enterococcus spp. isolates were
classified as E. faecium and 20 as E. faecalis. The gene coding
for tyrosine decarboxylase was detected in all enterococci
isolates. All enterococci strains produced biogenic amine
tyramine when cultivated in decarboxylase medium and analysed by HPLC. At both producers, enterococci counts in the
non-probiotic sausages were higher in comparison with
probiotic sausages during fermentation. Even more, no enterococci were detected in probiotic sausages during the storage
period. It seems that tyramine production in dry sausages is
higly connected with the presence of enterococci. In probiotic
sausages of both producers, the concentration of tyramine was
significantly lower than in controls without probiotics.
Reducing of enterococci counts connected with lower production of tyramine should probably be caused by probiotic
strain L. casei 01 which makes it very usable strain in fermented sausage manufacture.

Lactic acid bacteria (LAB) are a heterogenous group of
immobile, microaerofilic or anaerobic, Gram-positive
microorgasnisms with ferment different types of nutrients to
produce lactic acid. Nowdays LAB include some species of
genus Lactococcus, Streptococcus, Enterococcus, Lactobacillus, Pediococcus.Bifidobacteria are an individual group.
LAB of genus Lactobacillus and bifidobacteria are important
in food fermentation, food preservation and as starters for
dairy products. Many strains of different species are known as
probiotics. Probiotics are „live microorganisms which, when
administered in adequate amounts, confer health benefit on the
host“1. Nowadays, probiotic bacteria are used as food additives in food processing industry. Methods of molecular biology based on DNA amplification can be used for detection of
probiotics in complex samples such as food product or food
additives.2
The aim of this work was to isolate DNA from complex
matrices of three batches of 2 probiotic food additives and to
detect target bacterial DNA using PCR. Total DNA was
isolated from crude cell lysates of food additives Linex® Forte
and PangaminBifi Plus. Magnetic nonporous (P(HEMA-coGMA)) particles were used for DNA isolation. These
particles are coated by carboxyl groups that inables reversible
adsorbtionof DNA3. The concentration of isolated DNA was
checked by spectrofotometric measurement. Differences
among quantity of isolated DNA from three batches of food
additives were estimated. Isolated DNA was amplified in
genus-specific (with primers specific for genus Lactobacillus
and Bifidobacterium) and species-specific PCRs (with primers
specific for Lactobacillus acidophilus and Bifidobacteriumanimalis). Results were compared with declared specification
given by producer.
It was shown that declared bacteria are in accord with
detected bacteria in both products. It was also shown that
species Lactobacillus acidophilus and Bifidobacteriumanimalis are present it both products.
REFERENCES:
1. Giraffa, G., Chanishvili, N., Widyastuti, Y.: Res.
Microbiol. 161, 480 (2010).
2. Bernardeau M., Guguen M., Vernaoux J. P.: FEMS
Microbiol. Rev. 30, 487 (2006).
3. Rittich B., Španová A., Horák D., Beneš M. J.,
Klesnilová L., Petrová K., Rybnikář A.: Colloid. Surf. B
52, 143 (2006).
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4-P70
CAROTENOIDS AND FATTY ACIDS PROFILE AND
THEIR QUANTIFICATION IN SOME WILD AND
CULTIVATED BLUEBERRIES FROM ROMANIA

4-P71
SEPARATION AND QUANTIFICATION OF
CAROTENOIDS FROM GRAPES CULTIVATED
IN CONVENTIONAL AND ORGANIC SYSTEMS
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Blueberries (Vacccinium myrtillus) are often consumed
worldwide because their beneficial effects on human health,
most of them related to the antioxidant properties. They
contain micronutrients, various phytochemicals and antioxidant compounds, represented especially by anthocyanins1-3.
Carotenoids are lipophilic compounds that can contribute to
the overall antioxidant capacity of blueberries. The aim of this
study was the identification and quantification of carotenoids
by RP-HPLC-PDA and fatty acids using Gas Chromatography
(GC) with flame ionization detection (FID) in two wild blueberries and three cultivated species, BlueCrop, Elliot and
Duke. The total carotenoids content was generally higher for
wild blueberries than in cultivated ones. The main carotenoids
identified were lutein and β-carotene. The main fatty acids
identified in all samples were the polyunsaturated linoleic
(18:2) and linolenic (18:3) acids. The ratio between
PUFA/SFA is 8,54 for Wild 2, 10,16 for Wild 1 and between
3,51-6,87 for cultivated blueberries, which indicate a high
degree of unsaturation.

Organic agriculture involve plants which are cultivated
without using synthetic pesticides, herbicides or fertilizers and
promotes biodiversity, biological cycles and improve the
product quality. There are few studies regarding the impact of
organic agricultural on plant metabolites level. Among other
secondary metabolites, carotenoids play important roles for
the total antioxidant activity of grapes (Vitis vinifera sp.) and
for their nutritional value1,2. The aim of this study was to
evaluate the carotenoid concentrations in some table and wine
grapes cultivated in two different practices: organic and
conventional. The carotenoids were separated and quantified
using high performance liquid chromatography. The main
carotenoids in all grape samples analysed were lutein and ßcarotene. Fetească regală wine variety was found to have the
highest carotenoids content in both, conventional and organic
cultivation systems, significantly higher than all other
varieties. In the case of table grape varieties, the average
concentration of ß-carotene was significantly higher in the
case of organic culture than in conventional ones.

This work was carried out with the financial support of
Ministry of Education in Romania, research Contract No. TE109/2010.
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4-P72
IDENTIFICATION OF SOYBEAN IN THE
FOODSTUFF BY REAL-TIME PCR METHOD
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We used real-time PCR oriented on gene lec that coded
lectin specified to soy for soybean detection in the food. On
this target sequence was directed PCR system with primers
Le2F and Le2Rbis and Le2P Taqman type probe. In the
GenBank database, there has been no homologous sequence in
related species. The ability for amplification of DNA of all
samples was verified by system TR03/04/Pb. We determined
inclusiveness and exclusiveness of the system and we found
detection limit (2,75 pg) and the practical detection limit
(0,02%). The whole system designed for the detection of soy
s1037

Chem. Listy 105, s871 – s1072 (2011)

Food Chemistry & Biotechnology – Poster Presentations

in food products was tested on real food samples from the
normal distribution network. The results were generally consistent with data on the content of soy foods in their
packaging.

4-P74
THE POTENTIALITIES OF MULTI-ELEMENT
COMPOSITION AND 87Sr/86Sr RATIO OF WINES AS
TRACES OF WINE PROVENANCE

This work was kindly supported by a Standard project of
specific research No. FCH-S-11-7

ANDREEA IORDACHE1, CEZARA VOICA2, DIANA
FLORESCU1, ROXANA IONETE1 and MONICA
CULEA3

4-P73
TARTRAZINE DETERMINATION FROM MUSTARD
SAMPLE BY HPLC, TLC-PHOTODENSITOMETRY
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A suitable method for determination of the Sr isotope
ratio 87Sr/86Sr1 in wines by inductively coupled plasma MS
(ICP-MS) was developed to be used as a fingerprint technique
for differentiation of Murfatlar and Dealu Mare-Valea
Calugareasca wine regions from Romania.
To corectly distinguish between wine and soil samples
originating from a specific region, a combination of 87Sr/86Sr
and multielement data (Sr, Mn, Cr, Pb, Ni, Ag, Cd and Cu)
was obtained and compared. Elements can be considered as
good indicators of wine origin, since they are not metabolized
or modified during the vinification process2. The mineral
element content and the stable isotopes ratio have been shown
to be useful in the determination of the geographical
elaboration of data with a discrimination of 100%3. While the
metal content is able to differentiate with great accuracy wines
according to the geographical origin, the stable isotope rations
is a useful indicator to differentiate the year of production.
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Mustard seeds are known for long time ago, being used
in traditional medicine due to them composition rich in
bioactive compounds, minerals and vitamins inclusive riboflavine. Nowadays, mustard seeds are used to prepare one of
the most popular food product – the mustard. From commercial reason the product is colored with natural colorants such
as riboflavin and β-carotene or synthetic dyes such as tratrazine. The Romanian state regulation accepts tartrazine in this
kind of foods in quantities bellow 300 mg kg-1.
The food dye was extracted from solid matrix by ultrasound assisted extraction (UAE) with a methanol - ammonia
mixture. The extract was further purified by SPE. Recovery
determination was carried out on mustard samples spiked with
tartrazine at different concentration levels. Good recoveries
(R>95%) and low relative standard deviation were obtained.
Tartrazine determination was performed by using two
chromatographic methods TLC and HPLC. Calibration curves
method was used for quantitative determination.
An extensive study for quantitative evaluation of dyes
was developed by comparing the photodensitometric results
with those obtained by using different software (Image
Decipher-TLC, Sorbfil TLC) for digital processing and evaluation of the chromatographic plates.
LOD and LOQ values for the synthetic dye were also
determined for each method and compared. The methods were
applied for tartrazine determination in various mustard samples purchased from a local market.

REFERENCES
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DETERMINATION OF DILL ESSENTIAL OIL
COMPOSITION USING MODERN EXTRACTION
TECHNIQUES
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The essential oils are aromatic, volatile liquids extracted
from plant parts such as leaves, flowers, fruits, seeds, roots,
barks and stems. The essential oils have many applications:
therapeutic, in perfume and cosmetic industry1-5. The objective
of this work was to extract, separate and determine the
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essential oils from indigenous dill (Anethum graveolens),
using various modern extraction techniques.
Three different techniques (maceration, ultrasonic and
microwave-assisted solvent extraction) were used for extraction of essential volatile oils from dill. The extraction was
performed using various organic solvents, like: hexane, diethyl
ether, ethanol, and mixtures of the solvents in 1:1, v/v ratio.
The extracts were analyzed by HPTLC technique and the
fingerprint information was obtained. The GC-FID method
was used to characterize the extraction efficiency and to
identify the essential oils. The most efficient extraction
technique was maceration, but unfortunately requires a longer
period of time. By the two modern extraction methods (ultrasonic and microwave-assisted solvent extraction), an amount
comparable to that obtained by maceration was acquired, but
in much shorter time, which is a great advantage. In dill
extracts the following components were identified: αphellandrene, β-phellandrene, dill ether, limonene, carvone,
myristicin, apiole, α-pinene, β-ocimene, myrcene, p-cymene,
and other oil constituents.

4-P77
METALLOTHIONEINS UPREGULATION IN LIVER
OF THE MOUSE MUS MUSCULUS UNDER CADMIUM
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The presence of metals in environmental issues generally
provokes upregulation of different metal-containing biomolecules, especially metallothioneins conventionally considered
as a metal scavenger agent in the exposed organisms.
Metallothioneins are low molecular proteins (about 7 kDa)
enriched in cysteine groups that easily complex metals such as
Cu, Zn, Cd and Hg, for this reason they have been used as
conventional biomarkers in environmental studies.
Metallomic studies of the free-living mouse Mus spretus
have been proposed for environmental pollution assessment1
but usually is difficult to interpretate the changes of protein
expression caused by the presence of contaminants. For this
reason exposure experiments have been performed in the
laboratory mouse Mus musculus, genetically close to Mus
spretus, that can be used as model organism.
Several complementary chromatographic techniques
(SEC and AEC) have been coupled to ICP-MS to trace the
presence of Cd-, Cu- and Zn-bound biomolecules in exposure
experiment to Cd performed on Mus musculus. Exposure
experiment was carry out by subcutaneous injection of a
growing dose of 0,1 to 1,0 mg of Cd per Kg of body weight
per day. Several soubgroups was sacrified in different days
and the liver was extracted for the study. A control group
injected with ultrapure water was used as reference.
It is remarkable the presence of a Cd-peak at about
7kDa, at the same retention time that the standard of
metallothionein-I, which increase with Cd exposure. This peak
was collected and separated by SEC and purified by AECICP-MS, which results in different peaks containing Cu, Zn
and Cd in different ratio that can be correlated with MT
isoforms. Further studies for the identification of these
isoforms by MALDI-TOF-MS have been performed.
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Trace metals concentration in water is a major component in the determination of water quality. In this work a rapid
and accurate quantitative method for the determination of
trace amounts of metals in some spring and mineral waters
was successfully developed by using an inductively coupled
plasma mass spectrometry. Method validation consisted of
testing the parameters of linearity, precision, accuracy, limit of
detection, limit of quantification and uncertainty of measurement. For drinking water quality all the results have been
compared with standards. The validated method has been used
for determination of selected metals (Al, Cr, Mn, Cu, Zn, Pb,
Cd, Fe and Se) in four spring waters in order to assess any
toxicological problem.

This work was supported by the projects: CTM-2009-12858C02-01(Ministerio de Ciencia e Innovación-Spain); P08FQM-03554 and P09-FQM-04659 (Consejería de Innovación,
J.A).
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effect of 10 kinds of herbs. Two different antioxidant assays
were used – test based on deoxyribose oxidation (dR) and
DPPH method. Deoxyribose assay showed the antioxidant
effect of selected extracts expossed as the inhibition of
formation of oxidative products of deoxyribose from 3,97 to
50,05 %. The DPPH method values ranged from 6,47 to 73,80
%. Extract of Prunus spinosa L., Euphrasia rostkoviana
Hayne were the best antioxidants at DPPH method. Prunus
spinosa L. and Bellis perennis L. extracts showed the strongest
antioxidant effect determined by deoxyribose assay.
Antioxidant effect of herbal extracts was also compared to
synthetic antioxidants (BHT, ascorbic acid and phenolic
acids). Herbal extracts can be utillised in selected
combinations to improve sensory and functional properties of
some kinds of beverages.
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In this work we evaluated the protein-carbohydrate
complex, water activity, antioxidant activity and polyphenol
content of durum wheat (Triticum durum L.)** and winter
wheat (Triticum aestivum L.)*. Both wheat are important raw
materials for the production of flours for the bakery and pasta
industry. Slovak varieties Karpatia* and Pentadur** were
evaluated. From the Central European region the Serbian
varieties: Etida*, Vojvodina*, Pobeda*, Renesansa*, Rusija*,
NS Dur ** and Durumko** were evaluated.
Optimal activity of alpha-amylase according to averaging values of falling number showed varieties Etida (212s),
Pobeda (214s) Renesansa (277s). The highest values of crude
protein were measured in varieties Karpatia and Durumko
above 13,50%. The content of insoluble protein (gluten) was
above average high in variety Rusija 36,31%. The highest
Zeleny index was measured in variety Karpatia. In the Slovak
varieties Karpatia and Pentadur we measured the highest
values of starch. For the others varieties it ranged from
54,82% - 60,64%.
Water activity measured at 25 °C was with regard to
varieties uniform. The highest values were measured in
varieties Pobeda and Pentadur (0,506/0,503). Variety
Renesansa showed the highest value of antioxidant activity by
DPPH method (48,5%) and variety Durumko 46,0%. Values
of polyphenols content ranged from 0,117 to 0,477 mg of
catechin/g sample, in all varieties.
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The feedingstuffs containing soy, legumes and (or) red
clover-are a source of isoflavones which can be excreted into
milk of farm animals, thus transferred into the human food
chain. Isoflavones are biologically active compounds classified as phytoetsrogens because their structures resemble to
mammalian steroidal estrogens and they have a weak affinity
for the estrogens receptors. Many animal and human clinical
as well as epidemiological studies demonstrate the association
of soybean isoflavones with the prevention of human cancers,
cardiovascular diseases, osteoporosis and the postmenopausal
symptoms.
To learn more on the fate of isoflavons in cows, feeding
experiments were established. In the first phase of our study,
suitable analytical method had to be developed. The performance characteristics achievable in two instrumental systems
consisting of high / ultra high performance liquid chromatography (HPLC/UPLC) coupled to tandem mass spectrometer
(MS/MS) were evaluated, one of the key crite-rium was low
limit of quantification (LOQ) to enable control of both parent
compounds and their transformation products. In this respect,
UPLC coupled to 5500 Q-TRAP MS (Applied Biosystems)
analytical system provided the best results, moreover it
enabled reduction of analysis time to only few minutes.
Using this system, the concentration of isoflavones in
milk samples, at the time of feeding by isoflavones based diet,

Work was supported by projects VEGA 1/0282/10 “Use of
polysaccharides in food production with defined properties”
and VEGA 1/0797/11 “Regional prevalence of Fusarium in
relation to the partial resistance of wheat head blight to
Fusarium”.
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THE ANTIOXIDANT EFFECT OF HERBAL
EXTRACTS IN COMPARISION WITH SYNTHETIC
ANTIOXIDANTS.
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and ŠTEFAN DRÁB
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Herbal extracts are considered as a good sources of
antioxidant compounds1,2. This work describes antioxidant
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their levels were determined to range between 8,8 – 59,6
ng ml-1 for daidzein, 20,6 – 237,0 ng ml-1 for genistein, 2,1 –
38,0 for equol and 2,1 – 38,4 ng ml-1 for glycitein. These
experiments have shown an interesting way how to increase
dietary intake of plant phytoestrogens through animal products.

Development of the Slovak Republic. Víno Natural Domin &
Kušický, s.r.o. and Agro-Movino, spol. s r.o. are gratefully
acknowledged for some free samples provision.
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Acrylamide possible mitigation strategy in a potato bread
crust with some additive inorganic salts application was
studied with respect to colour evaluation by multivariate
statistics. Impact of CaCl2, Ca2+ lactate, NH4Cl, NaH2PO4,
KH2PO4, Na2H2P2O7 and Na4P2O7 additives on acrylamide
creation in potato bread crust was evaluated and colour
differences measured by 30 colour characteristics in CIEXYZ,
CIEL*a*b*, CIEL*u*v*, CIEL*C*H° and HunterL*a*b*
colour spaces. The reflection spectra were recorded using a
Shimadzu UV-3600 spectrophotometer (Kyoto, Japan) with
Large Integrating Sphere Assembly LISR 3100 (Shimadzu,
Kyoto, Japan) enabling reflection measurements from the
surface of defined upper layer of dried and grounded bread
crust samples. Each crust sample was measured at six different
position on ground crust sample surface and the whole visible
reflection spectrum (380–770 nm) was recorded. Colour
values were calculated by using the Shimadzu Special Edition
software ColorLite v3.1.16. Relative changes in colour of
bread crust were not very intensive for human sensorial
observation, perception and recognition. From all the examined colour variables only 7 significantly correlated with
acrylamide content. Colour characteristics b* from CIELab
and HunterLab colour space affirmed their relation to
acrylamide creation, but the most intensive correlation with
acrylamide was found for hue value v* derived from
CIEL*u*v* colour space. Results showed that the addition of
inorganic salts hasn’t expected considerable elimination
impact in the bread crust, but creation of acrylamide in a home
bread maker’s conditions was especially low in comparison to
industrial ones. This gives an additional study on potentiality
of acrylamide reduction in some industrial foods.

The detection and quantification of alcohols with high
sensitivity, selectivity and accuracy is required in many
different areas1,2. The food, beverage (wine, beer and spirits)
require simple, fast and economic analytical methods in order
to control fermentation processes and the quality of final
products. Many analytical methods have been developed
during the years for the determination of ethanol. Although
some of these methods are precise and reliable, they are
complex, time consuming and require previous separations
processes (distillation, pervaporation), expensive instrumentation and trained operators. A simple method using NIR
transmision spectrometry and multivariate calibration was
performed for verification of ethanol concentration in fruit
spirit drinks and in organic and conventional wines.
The transmission spectra of spirits and wines were
measured in a range 1370 – 1580 nm in the 1 mm quartz cell
(QX-Suprasil, Hellma) by Shimadzu UV-3600 spectrometer
(Kyoto, Japan). Ethanol values were calculated by using the
Shimadzu Special Edition software Panorana Quantify,
v.3.1.16.0 (LabCognition, GmbH & Co. KG) enabling
multivariate calibration by method of principle component
regression (PCR). All spectra were smoothed with the
Savitzky-Golay method and transformed to the first derivative
forms to develop the PCR model because derivatives of orders
higher than two are more sensitive to noise and have not been
shown to have an advantage in calibration. Multivariate
calibration resulted with correlation coefficients (R2 0,9999)
and with the standard error of cross-validation (SECV 0,46%).
The content of ethanol in sixty eight fruit spirits was found at
average concentration of 49.4% with the standard deviation
0,42%. In the case of alcohol determination in seventeen
organic and twenty eight conventional wines a compliance
was found between the declared and determined alcohol
content while maximum difference did not exceed 1%.

This work was supported by Slovak Research and
Development Agency under the contracts: VMSP-P-0089-09
and LPP 0310-09 and by projects: "Establishment of a HiTech
Centre for Research on Formation, Elimination and
Assessment of Contaminants in Food“ and “The Centre of
Excellence for Contaminants and Microorganisms in Foods”
supported by the Research & Development Operational
Programme funded by the ERDF.

This work is a part of national research project No. 2/PVV
supported by the Ministry of Agriculture and Rural
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Fish meat is a perfect foodstuff which is up to standard
of rational nourishment. It is source of healthy and good digestible material rich on proteins, minerals and vitamins. Fish
muscles especially back and lateral muscles are the most
important parts of fish organism consumed for escellent
chemical composition. Proteins in fish meat are rich on high
aminoacids content. The content of fish fat is usually low with
the high proportion of unsaturated fatty acids. Also minerals
and B, A and D vitamins are very important components of
this foodstuff. According to rational nourishment the fish meat
should be consumed minimal 2-3 times weakly.
Our research was focused on analysis of bottomn sediments in water reservoir Kolinany from the aspect of Cd, Hg
and Pb contents, the determination of observed heavy metal
contents in different parts of carp body and the evaluation of
hygienic status and suitability of fish meat for the human
consumption1,2. Our results confirmed hygienic harmless of
bottom sediments in water reservoir Kolinany. The Cd, Pb and
Hg contents in sediments represent no risk their input into the
fish organisms. The Cd content in fish meat is lower than
maximal available amount given by legislative norms, but in
selected parts of fish organism such as skin, gills and fins the
Cd hygienic limit is 2,9 – 6,6 times exceeded. The Pb content
in fish meat is under the hygienic limit, only in skin, gills and
fins is the content of this heavy metal 1,31- 2,64 higher then
maximal available value given by legislative. Fish skin, gills
and fins belong to the non cosumed parts of fish body by
people. The Hg content in fish meat is also lower than hygienc
limit. The highest Hg content was observed in fish muscles
(0,0544 mg kg-1) and the lowest one in fish gonads (0,0058
mg kg-1). The results of Cd, Pb and Hg content determination
in carp body confirmed that fish muscles belong to suitable
foodstuffs for the human consumption.

Grain amaranth (Amaranthus spp.) is a widely know
pseudocereal with interesting nutritional characteristics
including proteins, well suited to human nutritional needs. Its
highly nutritious gluten-free grain make amaranth a good
alternative to cereals or legumes and can be used in glutenfree diet. However, there are also naturally occurring antinutrients like oxalate that represent potential risk factor for
kidney stone development and its presence in food lowers
calcium and magnesium availability1-4.
Soluble oxalate with potentially dietary injurious implications for human health were determined in some amaranth
gamma-irradiation induced mutant lines by capillary isotachophoresis and compared to their reference genotypes
Amaranthus cruentus Ficha and hybrid K-433 during the
cultivation period 2006-2010. Factor and canonical discriminant analysis demonstrated significant differences among
reference and mutant lines. Kruskal-Wallis one-way analysis
of variance and multiple comparisons with t distribution
confirmed statistical significant differences (p ≤ 0,01) among
compared amaranth genotypes. Five out of nine tested lines
were identified as variants with the significant and long-term
lower soluble oxalate concentration in comparison to respective reference amaranth genotypes. Detailed analysis of other
biochemical traits in these lines showed also improved
nutritional quality of the grains over the control samples.
Therefore, this plant material might be a good matrix in the
further breeding programme of this crop.
This work was supported by CRP IAEA (Vienna, Austria), by
VEGA project no. 2/0109/09 and by European regional
development fund through the Project HUSK –
0901/1.2.1/0010 „Utilization of regional sources for
functional food production“

This contribution is the result of the project implementation:
Centre of excellence for white-green biotechnology, ITMS
26220120054, supported by the Research & Development
Operational Programme funded by the ERDF.
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CONCENTRATIONS OF COMPOUNDS SULPHUR
IMMISIONS IN ATMOSPHERE IN RELATION TO
EVALUATION OF AGRICULTURAL CROPS YIELD
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At present the interest in cranberries as fruit with
excellent beneficial effect on the human health is increased.
Cranberries (Vaccinium vitis – idaea L.) which are rich on
anthocyanins, polyphenols, flavonoids and other components
with high antioxidant activity belong to the healthiest
foodstuffs. The aim of this work was to determine the content
of selected heavy metals and bioactive compounds in wild
cranberries collected from two different localities (West
Tatras, Gelnica) of the Slovak Republic and to compare them
with properties of three cultivated cranberry cultivars (Koralle,
Ida and Runo Bielawskie) from research centre Kriva. The
total content of anthocyanins (TA) was assessed by modified
method of Lapornik et al. (2005). The determination of total
polyphenol content (TP) was realised according Lachman et
al. (2003) using Folin-Ciocalteu reagent. Antioxidant activity
(AA) was determined by the method of Brand-Williams
(1995) using DPPH (2,2-diphenyl-1-picrylhydrazyl). The used
analytical method was spectrophotometry (Shimadzu UV/VIS1240). The content of heavy metals was determined by AAS
method (VARIAN AA 240 FS) after microwave decomposition (MARS X-press) of cranberry samples. The highest
content of bioactive compounds was determined in medium
early cultivar Ida (TA 875,41 mg kg-1, TP 1803,68 mg kg-1,
AA 86,48%), the lowest one in wild cranberries from Gelnica
(TA 326,93 mg kg-1, TP 1457,11 mg.kg-1, AA 77,85%). The
Pb content was in all analysed cranberry samples 8 – 11 times
higher than maximal available value given by Food Codex of
Slovak Republic. The highest Pb content was determined in
cv. Runo Bielawskie, the lowest one in cv. Ida. Also hygienic
limit given by legislative for Cd content was in all investigated
cranberry samples exceeded (1,6 times in cv. Koralle till
threefold in cv. Runo Bielawskie). In two cranberry samples
also Zn content was higher than hygienic limit (cv. Ida 14%,
cv. Runo Bielawskie 20%).
The obtained results confirmed the suggestion that
cranberries are the excellent source of bioactive compounds.
On the other hand it is necessary to monitor risky element
contents in this fruit, because cranberries can be also risky
from the aspect of high contents of heavy metals.

In this work we have tried to highlight the issue, which is
in our modern times very actual for the quality and condition
of the air and ground atmosphere in the Upper Nitra region.
This area belongs to very polluted areas in Slovakia. The
biggest air polluter in the region Nováky is the chemical
company Duslo Šaľa in Zemianské Kostoľany.
Measurements of ground concentrations of SO2 compounds immisions and their local gradient were carried out in
2006 - 2009 on sites Bystričany, Diviaky nad Nitricou and PD
Močenok. These mentioned sites are localities with important
agricultural production from the standpoint of atmosphere
pollution as well as hygienic state of grown agricultural raw
materials and commodities. Average annual concentrations
were evaluated to possible decline of agricultural crops yield
by determining of factor for calculation of its real coefficient
of reducing. Results of measurements were expressed as local
gradient representing for the whole period on site Bystričany
19,5 mg, Diviaky 19,1 mg and Močenok in average 16,5 mg.
m-2 d-1 SO2. Values of gradient were calculated on content
concentration: Bystričany 25,0 μg, Diviaky 24,8 μg and
Močenok 21,4 μg m-3 SO2.
For finding of possible reducing of agricultural commodities yield in plant production under real immisions conditions, the coefficient was calculated for correction of table
value of the coefficient of yield reducing for tested crops. It
represented factor in average for the whole monitored period
in locality Bystričany 0,606, Diviaky nad Nitricou 0,617 and
PD Močenok 0,534.
Approximation of the results in practice derives from
characteristics of surveyed localities from the standpoint of
level of their contamination by industrial immisions of sulphur
and afterwards in gaining of calculated coefficients for calculation of real size of agricultural production reducing and size
of compensation of arose of damages.
This contribution is the result of the project implementation:
Centre of excellence for white-green biotechnology, ITMS
26220120054, supported by the Research & Development
Operational Programme funded by the ERDF.

This work was supported by grant VEGA 1/0030/09.
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Cheese analogues may be classified as cheese substitutes
or imitations, which partly or wholly substitute or imitate
cheese and in which milk fat, milk protein or both are partially
or wholly replaced by non-milk-based components, principally
of vegetable origin1. Nowadays they are widely used in the
food industry as an ingredient for prepared foods such as
pizza, lasagne, cordon blue products etc. They are being used
increasingly due to their cost-effectiveness, attributable to the
simplicity of their manufacture, which is almost identical with
the classic manufacturing of processed cheese, and to the
replacement of selected milk ingredients by cheaper vegetable
products. Ingredients such as rennet casein, vegetable oils or
fats, salts, acids and flavourings are generally used in the
manufacture of imitation cheese1,2. However, replacement of
milk fat by vegetable fats causes typical textural defects
(especially worse melting properties) and insufficient flavour
of the product. On the other hand, it contributes to a more
favourable ratio of saturated and unsaturated fats and to the
reduced cholesterol content. In the Czech Republic, cheese
analogues form about 10% of the total production of processed
products.
The flavour of cheese is derived from a number of aroma
active compounds. From the chemical point of view they are
mostly volatile compounds, including alcohols, aldehydes,
ketones, fatty acids, esters, lactones, terpenes etc. Lipids,
lactose and proteins are the main precursors for formation of
these compounds3.
The aim of this study was to identify and quantify
aroma active compounds in cheese analogues containing
various types of vegetable fats (coconut fat, palm oil,
sunflower oil). Aroma compounds were isolated by solidphase microextraction and analysed by gas chromatography.
This method is simple and fast and minimizes thermal,
mechanical, and chemical modifications of the sample. In
total, 33 aroma compounds were identified and quantified,
6 aldehydes, 7 ketons, 13 alcohols, 3 esters and 3 fatty acids.
Most of them are well known aroma compounds. However,
significant differences (P < 0,05) in content of single aroma
compounds were found among samples of cheese analogues.

Fermented milk products are dairy foods that have been
fermented with lactic acid bacteria such as Lactobacillus,
Lactococcus, Leuconostoc and Bifidobacterium. The
fermentation process increases the shelf-life1, improves the
digestibility2 and contributes to the taste and aroma (flavour)
of the product. The bases of flavour are the aroma active
compounds, which are created during fermentation process
and thermal treatment of foods from their precursors3,4. The
understanding of conditions and regularities of aroma
compounds creation and their influence on sensory perception
of flavour is necessary for production of high-quality products.
Technological process of production consists of several
steps. The fermentation phase, where not only characteristic
taste and aroma, but also structure and consistence of product
are developed, is the most important. Taste and aroma active
compounds arise by enzymatic decomposition of lactose,
proteins and fat in milk5.
The anaerobic transformation of saccharides to lactic
acid is the basic biochemical pathway during production. The
produced lactic acid imparts fine refreshing acid taste to these
products and extends their durability. It also precipitates milk
proteins, which are then easier to digest and improves
utilization of calcium, phosphorus and iron2. The proteolytic
activity of lactic acid bacteria changes physico-chemical
properties of casein, which influences rigidity, texture and
viscosity of coagulate. Arisen peptides and free amino acids
are precursors for enzymic reactions producing taste
compounds. Similarly some aroma compounds can arise by
lipolytic activity. Released fatty acids are precursors for
methyl ketones, alcohols, lactones and esters, which also
impart characteristic flavour to product5.
The aim of this work was to identify and quantify several
aroma compounds in various types of fermented milk products
using SPME-GC-MS method and to judge their influence on
flavour of products. In total 18 types of products (7 types of
flavoured creamy yogurts, 3 types of drinking yogurts, 4 types
of acidophilic milk, 2 types of kefirs and 2 types of clabbered
milk) with various flavourings were analysed.
This work was kindly supported by a project of MŠMT ČR
(Grant No. MSM 0021630501) and by a Standard project of
specific research No. FCH-S-11-7.

This work was kindly supported by a Standard project of
specific research No. FCH-S-11-7 and by MŠMT ČR Grant
No. MSM 0021630501.
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Yeast cells are known as an important source of proteins,
vitamins and minerals. The yeast Saccharomyces cerevisiae is
rich in B group vitamins. Various strains of this yeast are used
in the baking, alcohol, and brewing industries, as well
as for obtaining vitamin preparations. Among the vitamins
synthesized by yeast are thiamine (vitamin B1), pyridoxine
(B6) and riboflavin (B2)1,2. The content of vitamin B1, B2, B6
and
ß-carotene of three yeast strains of S. cerevisiae, i.e. Kolín,
612 and Gyöng was studied.
The yeasts were grown on YPD medium containing
10 g l-1 yeast extract, 20 g l-1 peptone and 20 g l-1 glucose.
HPLC/DAD method for the determination of vitamins B1, B2
and B6 was used. The content of ß-carotene was realized
by UV/VIS spectrophotometry. Results of the analysis
of vitamins in obtained biomass differ according to the used
yeast strain3 (Table I).

The aim of our work was to evaluate the changes of
carotenoids and lycopene content in 7 varieties of tomato
fruits (Lycopersicon esculentum MILL.): Báb, Eskort,
Premium, Rodik, Roti, Šampion and Žiara. Changes in
carotenoids and lycopene content were evaluated during
storage and in thermally processed tomato juice. Petroleum
ether was used as extraction solvent and extracts of
carotenoids and lycopene were analysed by UV-VIS spectrophotometry Jenway at wavelenght of 445 a 472 nm.
Experiments showed that carotenoids and lycopene content
increased during storage of tomato fruits at storage
temperature 21 °C of varieties Báb, Šampion, Žiara, Rodik
and Roti. In terms of raising carotenoids and lycopene content
at storage temperature 5 °C had tomato fruits less suitable
conditions comparing to storage temperature 21 °C. Content
of carotenoids was decreasing at varieties: Báb, Šampion,
Rodik, Roti and Premium.
After heat treatment of tomato fruits to produce tomato
juice carotenoids content increased at a Žiara and Premium
varieties, while varieties of the Báb, Šampion, Rodik, Roti and
Eskort, the heat treatment reduced the content. Lycopene
content increased only in the variety Eskort, when other
varieties are reduced, but this does not indicate less utilization
of this important nutrient in the human body.
The work shows that the dynamics of changes in contents of
carotenoids and lycopene affects the variety and method of
storage and processing.

Table I
Content of vitamins in yeast S. cerevisiae [mg kg-1]
Vitamin
strain Kolín
strain 612 strain Gyöng
Vitamin B1
1,8
<1
<1
Vitamin B2
20,6
5,1
5,6
Vitamin B6
<1
<1
<1
ß-carotene
<1
<1
<1
The biomass of yeast is generally characterized by high
content of vitamins, particularly of the type B, such as strain
Kolín, which had a concentraion of vitamin B2 20,6 mg kg-1.
The yeast usually contains 4 – 8 mg of riboflavin
in 100 mg biomass4 what was not confirmed by our study.

1.
2.
3.
4.

This work was supported by projects KEGA 334-013SPU4/2010 and VEGA 1/0740/08. Analysis were realised in cooperation with EL, Ltd. Spišská Nová Ves.
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The distinctive nature of České pivo (Czech Beer) is
imparted by a number of factors, particularly by the use of
high quality Czech brewing raw materials and specific
technology. The Czech Republic is perhaps the only country
in the world where the brewing experts distinguish whether a
new malting barley variety is suitable for export malt or for
maintaining the sensory character of the national beverage.
Barley varieties suitable for Czech beer are characterized by a
lower wort attenuation and resistance to malt overmodification
during germination. The varieties recommended by the
Research Institute of Brewing and Malting, Plc. for production
of beer with the Protected Geographical Indication are
Radegast, Blaník, Aksamit, Bojos, Malz, Advent, Calgari, and
Tolar.
These varieties were identified with prolamin proteins of
barley grain, so-called hordeins. Hordeins were analyzed using
the method of vertical gel electrophoresis on polyacrylamide
gel. The method is based on high degree of polymorphism of
hordeins of barley or malt produced from it which can be after
extraction from grain electrophoretically separated. Spectra of
separated hordeins are specific for the particular barley
varieties.
This study was supported by the projects
MSM6019369701 and 2B08057 of the Czech Ministry of
Education, Youth and Sports.

In the past few years, intensive research has been
focused on the explanation of the role of hyaluronate
oligosaccharides in a diverse range of physiological and
diseases processes1. It is important to use well-characterized
highly purified hyaluronate oligosaccharides, because some
undesired biological activities could occur due to the presence
of minor components. One of the major impurities remaining
in hyaluronate oligosaccharides is formic acid which comes
from the mobile phase during chromatographic separation of
oligosaccharides.
For the determination of short-chain formic acid in
various matrices many methods have been developed
including gas2 and liquid3 chromatography, colorimetric4 and
enzymatic5 methods. Some of these techniques are limited by
the need for derivatization, a large amount of sample needed
for analysis and by an inability to achieve a low detection
limit.
A fast, reliable capillary electrophoretic method for
analysis of formate as a component of hyaluronate
oligosaccharides was optimalized applying indirect UV
detection. A rapid separation was achieved using a fused-silica
capillary, 2,6-pyridine dicarboxylic acid as the background
electrolyte and CTAB additive in order to turn the direction of
electroosmotic flow. Detection and quantification limits of
formate were determined as 0,8 ppm and 2,5 ppm, respectively. These limits are about 20 times lower when compared to
commonly used ion-exclusion chromatography evaluation.
The presented method can be used for verification of the
suitability of hyaluronate oligosaccharides for pharmaceutical
applications.
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The extraction of arsenic species from food samples can
be carried out by using several analytical tecniques but
ultrasonic bath has became the method of choice in a great
number of works. Most recently, the use of ultrasonic probe
has been introduced for speciation. With the later, the
transmision of acustic energy in the medium is direct since the
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probe is instroduced in the sample. The power can be
amplified and for this reason the transmited energy can be 100
fold higher than those obtained with a bath.
On the other hand, in spite of the good performance of
traditional microwave ovens, the use of focused microwave
radiation could be advantageous because of the better safety
conditions due to the operation at atmospheric pressure and
simultaneous control of different heating programs for
different samples owing to the possibility of operating each
reaction vessel independently. Focused microwave assisted
extraction at atmospheric pressure has given satisfactory
results for the quantitative extraction of PAHs, polychlorobiphenyls and pesticides from environmental matrices1-4 with
advantages of security, easy manipulation and sample
preparation automatization. Microwave irradiation is often
used instead of conventional heating because the solvent is
rapidly heated in a reproducible way. Moreover, the selective
interaction with polar molecules allows local heating and an
improvement of extraction efficiency.
In this work, we have developed a method for the
speciation of arsenic in Anemonia sulcata by focused
microwave extraction followed by HPLC-ICP-MS and HPLCQqQ determination. Anemonia sulcata is a marine organism
very appreciated in Spain that is usually eaten muffled and
fried with olive oil. The results obtained show that the use
oficrowave extraction allows very good recoveries for the
majority of the arsenic species in only five minutes. The
proposed method simplifies the sample preparation that
usually constitutes a key step in speciation.
The authors thank the Spanish “Ministerio de
Innovación” project CTM2009-12858-C02-01
projects P08-FQM-03554 and P09-FQM-4659
Consejería de Innovación Ciencia y Empresa
Andalucía) for funding.

affecting the mammary tissue, the number of somatic cell in
milk increases, especially the polymorphonuclear cells
(PMN). Antibacterial activity of these cells is mediated, in
part, through reactive oxygen species (ROS). An excess of
ROS and the absence of optimal amounts of antioxidants are
leading to oxidative stress1.
The aim of this study was to evaluate the
antioxidant/oxidant status in milk of cows with subclinical
mastitis using 3 parameters: (1) total antioxidant status (TAS),
(2) levels of malondialdehyde (MDA) a degradation product
of lipid peroxidation, and (3) levels of proteins oxidation.
Results were compared with those obtained in another group
of healthy cows. Subclinical mastitis diagnose was realized
using electrical conductivity method and also by determining
the number of somatic cells in milk (SCC).
The levels of SCC, TAS, lipids peroxidation (MDA)
and proteins oxidation were significantly higher in subclinical
mastitis milk compared to those from healthy cows (with
mean values of 11,39 ± 5,61 μmol l-1 for TAS; 70,46 ± 5,45
nmol ml-1 for MDA and 0,557 ± 0,091 μmol ml-1 for DNPH),
due to the exacerbation of oxidative stress in subclinically
inflammed mammary gland. From toxicological point of view,
consumption of milk containing products derived from
oxidation of fatty acids, cholesterol and proteins should be
avoided because they have various adverse biological effects.
Thus, these oxidation products are considered cytotoxic and
even mutagenic and carcinogenic2.
This work was carried out with the financial support of
Ministry of Education in Romania, research Contract PN II
"IDEI" No. 1482/2009.
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4-P94
TOTAL ANTIOXIDANT STATUS, LIPIDS AND
PROTEINS OXIDATION LEVELS IN SUBCLINICAL
MASTITIS COW'S MILK
SANDA ANDREI, SORANA MATEI, ADELA PINTEA,
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STEFAN and IOAN STEFAN GROZA

Phenylketonuria (PKU) and maple syrup urine disease
(MSUD) are metabolic diseases arised from inherited errors in
enzymes pathways with symptoms due to the buildup of a
biosynthetic precursor or product that the body cannot excrete.
In mammals, phenylalanine (Phe) is metabolized in tyrosine
(Tyr) in the liver. PKU is caused by the deficiency of
phenylalanine hydroxylase1. The enzyme defect leads to
pattern of plasma amino acids with increase of Phe and
decrease of Tyr. These inborn errors can cause major

University of Agricultural Science and Veterinary Medicine,
3-5 Manastur Str., 400372, Cluj-Napoca, Romania
sanda_m_andrei@yahoo.com
Bovine mastitis is a major disease affecting dairy
cattle worldwide. In mastitis and other inflammation processes
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intellectual disturbances, but neonatal diagnosis and
appropriate treatment can be helpful. Gas chromatographymass spectrometry (GC/MS) method is the best choice for
some inborn error of metabolism diseases diagnosis, being a
cheaper but a very precise method2-7.
A method for diagnosis of these inborn error diseases of
metabolism by GC/MS in selected ion monitoring (SIM) mode
is presented. Labeled methionine was used as internal
standard. The method uses a drop of blood blotted onto a
sample card, an aliquot is extracted for analysis and peak
profile is used to diagnose metabolic errors. Validation of the
method showed good values for the different parameters of
validation studied as linearity, precision, accuracy, day-to-day
reproducibility, LOD and LOQ.
Quantitative analysis of five amino acids: valine (Val),
leucine (Leu), proline (Pro), phenylalanine (Phe) and tyrosine
(Tyr), in blood samples, by using blood spots1 or 0,5 ml
blood8 gave similar results. The method only takes a few
minutes to perform and requires minimal sample preparation.
The accurate assay of the amino acids by using this minim
invasive method, and 15N-labeled methionine as internal
standard could be used for neonatale screening for
phenylketonuria and other aminoacidemias. The monitoring of
the five amino acids levels in patients and the influence of
treatment on their levels is presented.
Due to the low cost, the GC-MS method is suitable for
applications in all countries. The high benefits of the early
diagnosis and treatment are strong arguments for the neonatal
screening of metabolic disorder. Newborn screening for PKU
relies on Phe detection in the blood from filter paper. The
classical bacterial inhibition assay (BIA) used for the
diagnosis of PKU is a semi-quantitative method giving false
positive results. More precise methods, such as 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.
In scheme 1 can be seen the effect of treatment on
phenylalanine and other amino acids level in the case of a nine
months PKU patient.
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A study of the leucine transport in human erythrocytes is
presented. The present experiment involves the measuring of
the outward flux of leucine from erythrocytes into a leucinefree medium. The cells were adjusted to a haematocrit of 20%.
Samples containing transported amino acids were
purified on Dowex 50W-W8 exchange resin, eluted with
NH4OH 4M and derivatized. In order to obtain N-trifluoroacetyl n-butyl ester derivatives, a two step derivatization was
made: esterification at C terminal edge and trifluoroacetylation
at the N terminal edge. The measurements were performed by
gas chromatography-mass spectrometry (GC-MS) using a
Trace GC equipped with a Rtx-5MS capillary column (30m x
0,25 mm, 0,25 µm film thickness) and coupled to a Trace
DSQ ThermoFinnigan quadrupole mass spectrometer. The GC
temperature program for amino acids separation was: 50 °C
(1 min), rising at 100 °C at a rate of 20 °C/min, then rising at
310 °C at a rate of 30 °C/min, 310 °C (2 min). A selected ion
monitoring (SIM) mode was used for higher sensitivity with
three orders of magnitude. The ions selected for leucine and
for the internal standard, 15N-leucine, were m/z 182 and m/z
183, respectively. Glycine was measured by selecting the ions
m/z 154 and m/z 155, the last one for 15N-Glycine, internal
standard. Helium was used as carrier gas at a flow rate of 1
ml/min. The interface and the EI ion source were kept at
250°C.
The method was validated for the small values of the
amino acid transmembranar transport, by appling the methods
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Scheme 1. The amino acid values evolution during treatment
for a 9 months PKU patient
The GC/MS method is rapid and proper for diagnosis
and monitoring the PKU and MSUD diseases.
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no.
POSDRU/88/1.5/S/60185 – “Innovative Doctoral Studies in a
Knowledge Based Society”.
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to known amounts of amino acid, adding the same quantity of
15
N-Leucine, as internal standard. The isotope dilution GC/MS
technique was applied and two types of calculations were
compared, by using regression curve and matrix calculation.
The efflux of leucine (Leu) was calculated by using the
regression curve obtained as the ratio of Leu and the internal
standard amounts versus Leu amounts1-3. High leucine
erythrocyte content seems to be easily exchanged, even at low
temperatures.
The aim of this work was to study the influence of
different parameters as time, temperature and electromagnetic
field on the leucine transmembranar transport.
Table I. The leucine values for efflux study at 4°C
Time (min)
Leu (μg ml-1)
RBC

0

5

0

0

10

15

20

25

30

1,18 2,16 3,24 8,24 10,78

Table II. The leucine values for efflux study at 21oC
Time (min)
Leu (μg ml-1) RBC

0
0

5
6,09

10
15
20
12,10 30,38 33,3

Table I and II present the amino acid efflux values transported
in vitro at 4°C and at room temperature of 21°C, respectively.
The values are reported to the red blood cell volume (RBC).
Leucine transport is faster in comparison with that of
glycine. A significant transport can be observed also at low
temperature (4°C).
This
work
was
supported
by
Project
no.
POSDRU/88/1.5/S/60185 – “Innovative Doctoral Studies in a
Knowledge Based Society”.
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