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Pesticide is a general term that includes a variety of
chemical and biological products used to kill or control
pests such as rodents, insects, fungi and weeds'. Unfortu-
nately, only small amount of all applied pesticides meets
their purpose and most of the applied pesticides find their
way as “residue” in the environment into the terrestrial and
aquatic food chain. Adverse effects on human health of
pesticide residues remaining in food after they are applied
to food crops are generally known: acute neurologic toxic-
ity, chronic neurodevelopment impairment, possibly dys-
function of the immune, reproductive and endocrine sys-
tems or cancer and many other. In the European Union
(EU) approximately 320 000 tones of active substances are
sold every year, which accounts for one quarter of the
world market’. Some pesticides behave as endocrine dis-
rupting chemicals (EDCs) therefore they were selected as
EDCs of our interest. To ensure a good agricultural prac-
tice and the health of people, many countries and interna-
tional organizations have established the maximum residue
limits (MRL) for pesticides in foodstuff. In the last decade,
a great deal of concern has been expressed worldwide over
the increasing levels of EDCs found in the environment.
This anxiety is caused by the adverse effects of these pol-
lutants on the hormone systems of humans and wildlife,
even when present at levels as low as 1 ng I (ref.3). The
environmental occurrence of EDCs has been implicated in
the feminization of fish, sex transposition of wildlife, and
hormone-related cancers in humans. The determination of
pesticide residues is usually accomplished by chroma-
tographic techniques and involves many preliminary steps
like sampling, extraction, and clean-up for interference
removal.
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The aim of this work was the determination of pesti-
cide residues in fruit matrices, particularly matrices with
high acid content, using gas chromatography coupled with
mass spectrometry (GC-MS) in selected ion monitoring
mode (SIM). The extraction was carried out using
QUECHERS (Quick Easy Cheap Effective Rugged and
Safe) method employing liquid extraction with acetonitrile
and cleaned-up by dispersive SPE using PSA (primary-
secondary amine) sorbent. Spiked experiments were car-
ried out to determine the recovery at four concentration
levels (1, 5, 10 and 250 pg kg™"). Recoveries for majority
of studied pesticides were higher than 70% with relative
standard deviation lower than 20 %.

A combination of fast GC with narrow-bore column
and bench top quadrupole mass spectrometer (MS) detec-
tor in negative chemical ionization (NCI) mode (with
methane as reagent gas) was set up and utilized for the
ultratrace determination of pesticide residues. Linearity in
the concentration range of 0.001-0.5 ng pl™' was evalu-
ated. The programmed temperature vaporizer (PTV) injec-
tor in solvent vent mode and narrow-bore column
(15mx0.15mm LD.x0.15um film of 5% diphenyl
95 % dimethylsiloxane stationary phase) were used for
effective and fast separation.

This method enables achieving low detection and
quantification limits and also helps in determining pesti-
cide residues at the low concentration levels in which they
are present in real samples.

This work was supported by the Scientific Grant
Agency VEGA (project No. 1/0390/09).
REFERENCES

1. Doméotorova M., Matisova E.: J. Chromatogr., A
1207, 1 (2008).
Proposed PAHO/WHO Plan of Action for Technical
Cooperation in Food Safety, 2006-2007, ftp:/
ftp.fao.org/docrep/fao/meeting/010/af272e.pdf.
Jobling S., Casey D., Rodgers-Gray T., Oehlmann J.,
Schulte- Oehlmann U., Pawlowski S., Baunbeck T.,
Turner A. P., Tyler C.R.: Aquat. Toxicol. 66, 207
(2004).

2.



Chem. Listy 704, $536 (2010)

ACP 2010 — Stcasny stav a perspektivy analytickej chémie v praxi

Posters

ZASTOUPENI POLYCYKLICKYCH AROMATICKYCH UHLOVODIKU V MASNYCH

VYROBCICH

PETRA BATELKOVA, IVANA
BORKOVCOVA a LENKA VORLOVA

Ustav hygieny a technologie mléka, Veterindrni a farma-
ceuticka univerzita Brno, Palackého 1/3, 612 42 Brno,
Ceska republika

pbatelkova@vfu.cz

Polycyklické aromatické uhlovodiky (PAHs) jsou pro
svoje negativni vlastnosti (karcinogenita, mutagenita) sle-
dovanymi exogennimi kontaminanty v potravinach. Vzni-
kaji nedokonalym spalovanim organické hmoty. Do zivo-
¢iSnych potravin se dostavaji hlavné kulindrni Upravou,
uzenim, grilovanim, smaZenim.

Cilem préce bylo optimalizovat extrakci PAHs a na-
sledn¢ stanovit obsah 15-ti PAHs v salamech typu Polic¢an.
K extrakci PAHs ze vzorki bylo pouZzito metody vyso-
kotlaké extrakce rozpoustédlem ve smési acetonu a petrol-
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etheru v poméru 1:2 pomoci pfistroje one PSE. Nésledova-
lo precisténi extraktu gelovou permeacni chromatografii.
Findlni stanoveni bylo provedeno pomoci HPLC s FLD
detekci. Pro porovnani byla pouZzita metoda Soxhletovy
extrakce stejnou smési rozpoustédel. Postup preciSténi
a findlniho stanoveni se nelisil.

Z prvnich vysledki experimentu vyplyva, ze dle vy-
téznosti a opakovatelnosti jednotlivych PAHs jsou metody
srovnatelné. Velkou vyhodou metody PSE je vSak tspora
chemikalii a asu.

Obsahy benzo(a)pyrenu v salamech nepiekrocily
maximélni limitni hodnoty 5 pg kg™ uvadéné v evropské
legislative.

Prdce byla financovana z prostiedkii Vyzkumného
zameéru ,, Veterinarni aspekty bezpecnosti a kvality potra-
vin“ MSM6215712402.
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Introduction

It is generally accepted, that the occurrence of poly-
cyclic aromatic hydrocarbons (PAHs) in food is a result of
their deposition from air on the surface of plants, and the
pollutions resulting from manufacture processes such as
drying, roasting, or smoking'. Due to their toxicity and
carcinogenity, benzo[a]pyrene (BaP), a model PAH com-
pound, and its major oxidised metabolites, e.g., phenols,
diones and dihydrodiols have been extensively studied.
Photodegradation is an important transformation pathway
of most PAHs in the environment, as in this process, the
same tertiary carbon atoms are attacked preferentially,
blocking thus their biodegradation™*.

The detailed and exact knowledge of PAHs degrada-
tion processes in environment and real food matrices is
essential from both, analytical and health protection points
of view. However, to the best of our knowledge, the photo-
degradation of PAHs in real conditions is only poorly stud-
ied up to now. In this context, the reliable routine method
for their determination is still missing, as well.

In view of fact that thermally labile compounds have
low vapour pressure and/or highly polar functional groups
(e.g. oxidised compounds of PAHs), they can be effec-
tively analyzed with high-performance liquid chromatog-
raphy coupled to mass spectrometry (HPLC-MS) without
any derivatization. For their determination, HPLC-MS
with atmospheric pressure ionization (APCI) has been
applied successfully’”’.Compared to single MS, tandem
MS (MS/MS) offers the advantage to produce selective
fragmentation patterns for every substance containing
valuable structural information. In this contribution the
progress of benzo[a]pyrene photolysis in ethanol as model
polar solvent and the formation of its oxidised compounds
were studied. The oxidation products were identified by
means of available standards of BaP oxidized forms.
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Experimental
Chemicals and reagents

Benzo[a]pyrene of analytical purity grade (Supelco,
Bellefonte, PA, USA) as well as methanol and ethanol of
HPLC purity grade (Merck, Darmstadt, Germany) were
used in all experiments. Four BaP oxidation standards,
benzo[a]pyrene-6,12-dione (BaP-6,12-dione) and benzo[a]
pyrene-9,10-dihydrodiol (BaP-9,10-diol) purchased from
National Cancer Institute’s Chemical Carcinogen Reposi-
tory (Midwest Research Institute, Kansas City, MO, USA),
3-hydroxybenzo[a]pyrene (3-OH-BaP, IRMM, Geel, Bel-
gium) and 9,10-dihydrobenzo[a]pyrene-7(8H)-one (BaP-
7-one, Chiron Ltd, Trondheim, Norway) were used for
BaP oxidation products identification.

Photooxidation of BaP

The photolysis was carried out in a 75 ml glass reac-
tor, equipped with a central inlet at its top possibility to
place a quartz immersion for 6 watt low pressure UV lamp
(A = 254 nm), The glass reactor was immersed in a ther-
mostatic bath (Photochemical Reactors LTD, Berkshire
RG4 9PA UK). The degradation of BaP (¢ = 20 mg1™)
was performed in polar medium (ethanol) and the oxida-
tion process took 12 h.

HPLC analysis

HPLC apparatus with fluorescence, diode-array and
triple quad MS-MS detectors was used for detection of
products generated during controlled photolysis. The used
equipment was from Agilent Technologies (Agilent Tech-
nologies, Palo Alto, USA). The separation was performed
at 35 °C on a Zorbax Eclipse XDB-C18 (50 mm x 4.6 mm,
1.8 um) column using gradient elution with methanol and
water at a flow rate of 0.5 ml/min. Parameters for using the
fluorescence detector (Ex = 300 nm, E,, = 410 nm) were
set for benzo[a]pyrene detection and the UV/VIS chroma-
tographic data were collected within the range from
220 nm to 550 nm by diode-array detector. The following
instrumental parameters were used for LC-MS analysis of
degradation products of benzo[a]pyrene: ion source APCI
in the positive scan mode: drying gas (N2) flow of 6 | min™",
gas temperature of 350 °C, vaporizer temperature of 250 °C,
nebulizer pressure of 20 psi, capillary voltage of 2,5 kV,
fragmentor energy of 140 V, scan time 500 ms, scan range
(m/z ~ 100-600); in the positive product ion mode (for
measurement of fragmentation pattern): the same as previ-
ous and collision energy of 40 eV, dwell time 100 ms. It is
optimal set up for standard materials used in analysis.
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Results and discussion

With respect to the limited information on BaP
photodegradation mechanisms, as well as unavailability of
corresponding standards of its oxidized forms (oxy-BaPs),
four compounds i.e.: benzo[a]pyrene-9,10-dihydrodiol
(BaP-9,10-diol), 3-hydroxybenzo[a]pyrene (3-OH-BaP),
benzo[a]pyrene-6,12-dione (BaP-6,12-dione) and 9,10-
dihydrobenzo[a]pyrene-7(8H)-one (BaP-7-one) were cho-
sen as standards.

It was supposed that their isomers could elute in dif-
ferent time but they could deliver the same fragment ions.
In order to find the most proper chromatographic condi-
tions, mixed standards solution of the above-mentioned
oxy-BaPs was prepared and the separation conditions were
suggested. The obtained results (retention times, mass-to-
charge ratios for precursors and product ions) are summa-
rized in Table I.

Data obtained clearly demonstrated that in the case of
BaP-9,10-diol, the pseudo-molecular ion is absent and
only the fragment m/z ~ 269 is present, probably coming
from [M+H-H20]" ion. In addition, the identical mass-to
charge (m/z ~ 269) was noticed also for 3-OH-BaP, as-
signed to its pseudo-molecular ion [M+H]". However,
while considering the fragmentation schemes of both these
hydroxyderivatives, it is evident that some fragments are
identical (e.g. m/z ~ 268, 252, 239, 226), but their mutual
ratio is different. On the other hand, the fragmentation
patterns of BaP-6,12-D (mass-to-charge of product ions:
255 and 226) and BaP-7-one (mass-to-charge of product
ions: 252, 227, 216 and 202) differs significantly. This
observation could find effective application as a marker
for their mutual differentiation and their presence confir-
mation.

As an illustration, the photolysis of BaP has also been
studied in methanol involving GC-MS. Results obtained
proved that under these conditions, BaP oxidation products
are present in the form of corresponding methoxyderivates
(data not presented). As only negligible formation of eth-

oxyderivates was expected, ethanol was selected as an
appropriate polar solvent for further experiment.

The obtained chromatogram of HPLC analysis with
diode-array detection revealed the formation of a number
of BaP degradation products, frequently co-eluting (data
not presented). Some of them had the absorption maxima
shifted to 450—-520 nm, resulting in visual changes of col-
our of model mixture solution from colourless to yellow-
orange. More over, some of the photoinduced compounds
exhibited the fluorescence activity, as well.

In order to identify some of the BaP oxidized prod-
ucts formed in the model system, HPLC with mass spec-
trometry detection was effectively employed. An example
of overlaid extracted ion chromatograms of photolysed
ethanolic solution of BaP together with fragmentation
pattern for most abundant peaks (at collision energy 40eV)
are presented in Fig. 1.

Peak A gives the precursor ion with m/z ~ 285 [M+H]"
and fragment ions with m/z ~ 268, 255, 239, 228 and 215,
but there is lack of supporting information to suggest (at
least) hypothetical formula of this compound. Peak B
gives the precursor ion with m/z ~299 [M+H]" and frag-
ment ions with m/z ~ 255 [M" — 44], m/z ~ 267 [M" — 32]
and m/z ~ 239 [M" — 32-28], associated probably with
losses of CO,, CO or oxygen. In accord with previously
published data, this fragmentation pattern correspond to
hydroxydione derivate of BaP, however, the closer assign-
ment of individual functional groups’ position/structure is
inadequate®. Peak C gives the precursor ion with m/z ~ 253
[M+H]" and poor fragment ions at m/z ~ 226. Without any
doubts, this fragmentation pattern belongs to BaP which is
over-abundant in the model mixture. Peak F gives the pre-
cursor ion with m/z ~ 283 [M+H]" and fragment ions m/z ~
255 [M" — 28] and m/z ~ 226, representing most probably
a pseudo-molecular ion, and corresponding to losses of
CO, respectively. Fragmentation pattern and retention
time, RT = 17 min are in good agreement with results ob-
tained in previous experiments with standard solution of
BaP-6,12-dione. Peaks D and E give both an identical

Table I

Relative molecular mass, retention times and mass-to-charge ratios for precursors and products ions of oxy-BaPs standards

Compound Relative molecular Retention time  Mass-to-charge ratio Mass-to-charge ratio
mass, M, [min] for precursor ion for products ions

m/z m/z

3-Hydroxybenzo[a]pyrene 268.3 23.0 269 268, 252, 239, 226

(3-OH-BaP)

Benzo[a]pyrene-9,10-dihydrodiol 286.3 4.1 269 268, 252,239,226

(BaP-9,10-diol)

9,10-Dihydrobenzo[a]pyrene- 270.3 233 271 252,227,216, 202

-7(8H)-one (BaP-7-one)

Benzo[a]pyrene-6,12-dione 282.3 17.0 282 255,226

(BaP-6,12-dione)
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Fig. 1. Overlaid extracted ion chromatograms (m/z: 253, 283, 285, 299) of photolysed ethanolic solution of BaP (c =20 mg I"") with
fragmentation pattern for most abundant peaks at collision energy 40 eV; (A) RT= 6.3 min, unknown, m/z ~ 285; (B) RT= 10.5 min,
unknown, m/z ~ 299; (C) RT= 33.7 min, BaP, m/z ~ 253; (D) RT= 9.0 min, BaP-?,?-D, m/z ~ 283; (E) RT= 14.4 min, BaP-?,?-D, m/z ~
283; (F) RT=17.0 min, BaP-6,12-D, m/z ~ 283. Molecular ion is marked with 4

precursor ion (m/z ~ 283) and fragment ions m/z ~ 255 [M*
— 28] and m/z ~ 226. As these compounds have the differ-
ent retention times, RT = 9 min and 14 min, respectively,
the formation of different isomers of diones derivates of
BaP is presupposed.
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Conclusion

The obtained results demonstrate that a complex mix-
ture of co-eluting oxidation products is formed during
photodegradation of BaP. Due to lack of reliable support-
ing data and standards of BaP oxidized forms, only BaP-
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6,12-dione has been positively identified up to now. Addi-
tional experiments are in progress in order to precisely
analyze and confirm the still unknown compound formed
during BaP UV-photodegradation.

This publication is the result of the project implemen-
tation "Establishment of a HiTech Centre for Research on
Formation, Elimination and Assessment of Contaminants
in Food" supported by the Research & Development Op-
erational Programme funded by the ERDF, as well as this
work is supported by the Slovak Research and Develop-
ment Agency under the contract No. APVV-0602-07.
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and Quest to Identify Some of Oxidized Products by
HPLC-MS-MS

Photolysis plays an important role in benzo[a]pyrene
(BaP) degradation in both, environment and food industry.
Usually, it results in the decreased formation of non-polar
compounds and, on the other hand, significantly increased
formation of polar ones, especially of oxidized intermedi-
ate compounds. The last mentioned are more susceptible to
biodegradation than the parental, non-oxidized molecules.
In addition, the oxidized compounds revealed even more
toxic effects on living organisms then the original BaP
molecule itself. Thus, the progress and mechanism of
benzo[a]pyrene photolysis are of crucial importance. In
this contribution the photolysis of benzo[a]pyrene in cho-
sen liquid media (ethanol) and the formation of its oxi-
dised compounds were studied. The set of model represen-
tatives of potential oxidised forms of BaP served as stan-
dards for subsequent confirmation of the so-formed BaP
oxidation products presence. Obtained results showed that
photodegradation of BaP even under model conditions
represents a complex problem, leading to the formation of
many oxidation products. However, due to the lack of
relevant information, in the current stage, only benzo[a]
pyrene-6,12-dione was proved unambiguously.
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The high-performance liquid chromatography (LC)
with mass spectrometric detection (MS) was applied to
detect partially oxidized benzo[a]pyrenes (oxy-BaPs).
Selected reference standards (e.g. hydroxy-BaP, diones,
dihydrodiols) could be detected using either atmospheric
pressure chemical ionization (APCI), electrospray ioniza-
tion (ESI) and/or atmospheric pressure photoionization
(APPI) and the ionization efficiency was compared using
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all three ionization sources for chosen oxy-BaPs. The con-
nected mass spectrometer was a triple quadrupol analyzer
realizing registration of positive and negative ionisation
modes in scan range. For selected ions additional MS/MS
ionisation was performed. According to the mass spectra,
the analytes behave differently in ionization properties.
Finally, the hyphenated system was applied to
a photolysed BaP solution and thus highlighting the expe-
dient utilization of this method for real samples.

This publication is the result of the project implemen-
tation "Establishment of a HiTech Centre for Research on
Formation, Elimination and Assessment of Contaminants
in Food" supported by the Research & Development Op-
erational Programme funded by the ERDF, as well as this
work is supported by the Slovak Research and Develop-
ment Agency under the contract No. APVV-0602-07.
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The use of polymers as an interface material for
chemical modification of transducers at biosensors in-
creased rapidly in recent years. New types of material are
used according to approach used at polymer synthesis and
decreasing size of transducers. Properties of the polymer-
modified electrodes differ from those of the unmodified
ones. By using polymeric layers, fairly thick films contain-
ing more active sites than a monolayer can be formed on
the electrode. Polymeric modification helps to achieve
unique programmable or adjustable properties like electri-
cal conductivity, thermal stability, mechanical properties,
etc., thus allowing the use of polymer-modified electrodes
in a sensing device'. The aim of this work is to describe
the possibilities of using polymers in the preparation and
application of electrochemical nucleic acid (NA) biosen-
sors and to report their advantages and disadvantages. The
chapter deals mostly with the state-of-art within the last
years.

Polymers in NA biosensors can provide many differ-
ent functions, e.g. they can act as biorecognition element
immobilization matrices, matrices for selective analyte
binding and preconcentration, separation agents for ana-
Iytes and interfering species, agents for reducing back-
ground adsorption of proteins or simply as electron trans-
fer media. A large group of polymers used as biosensors
represent electroactive polymers (EAPs) which are charac-
terized by a response to external potential stimuli. They
are used as sensors, actuators, highly sensitive membranes
and energy storage. Besides synthetic polymers, this group
of materials includes also natural polymers which offer
a certain degree of functionality not available in most syn-
thetic polymers. On the other hand, some applications are
limited because of their special mechanical properties and
doping feasibility. EAPs can be further divided in to elec-
tro conductive polymers (ECP) such as poly-p-phenylene
(PPP), polyphenylene sulphide (PPS), polythiophene (PT),
polyaniline (PANI), and polypyrrole (PPY). Recently, the
characterization of various conducting polymer-based
biosensors was precisely reviewed by Malhotra et al>. The
second class of EAPs are non-conductive polymers
(polyethyleneimine (PEI) and chitosan (CHIT)) doped
with electrochemically active ions. The third class consist
of polymeric redox mediators of the electron transfer like
poly(vinylferrocene) or coordinating polymers like poly(4-
vinylpyridine) which contain groups that can coordinate to
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metal ions and integrate them into the polymer matrix.
Polymers may also be utilized or further modified as co-
polymer composites, polymer composites with nanomate-
rials such as polymer nanotube composite films or poly-
mer nanofibers, functionalized polymers or polymer-
oligonucleotide probes.

Most of the polymeric film properties and functions
depend on its preparation. The preparation of conducting
polymers at the surface of carbon surfaces employed in
biosensors has been already reviewed’. The mostly used
methods are solvent casting, spin coating and electropoly-
merization. In solvent casting method an already prepared
polymer is first dissolved in the appropriate solvent and
then simply cast onto the surface of the electrode. After
solvent evaporation, the film of polymer is formed. It is
a very simple method approach, unfortunately two disad-
vantages have to be considered, uniformity of the poly-
meric film and reproducibility of its preparation®. This
method is usually used for the preparation of redox active
or non-conducting polymers’. Coatings of composites of
nanomaterials with polymers are also often prepared by
this method®. Problems with uniformity and reproducibil-
ity can be avoided using spin coating method. In this case
dissolved polymer is put onto the electrode surface which
is then rotated at high speed. Centrifugal force causes the
spread of the solution leading to more uniform coating
than in the case of solvent casting. During the rotation
solvent is evaporated. Problems were reported with control
of the structure and thickness of polymer coatings’. How-
ever, this method was successfully used for the preparation
of the film of poly(3,4-ethylenedioxythiophene) (PEDOT)
doped with poly(styrene sulfonic acid) (PSS) at the surface
of indium tin oxide electrodes® or and for the preparation
of immunosensor based on conjugated poly(phenylene
vinylene) derivative of defined thickness’. Another method
often used for the preparation of conducting polymers,
such as PPY, PANI, polythiophene, and their derivatives is
deposition by electropolymerization in the electrolyte con-
tained monomers. This method can be used for the polym-
erization of compounds which possess a relatively low
anodic oxidation potential and are susceptible to electro-
philic substitution reaction. The electropolymerization is
reported as simple as well as reproducible method, where
the monomer is first oxidized to a cation radical. Next, the
molecule of monomer is attached to form a dication. Re-
peated process lengthens out the polymeric chain and the
final polymer is formed. The advantage of this method is
that the rate of film deposition can be controlled by vary-
ing the potential of the working electrode in the system. It
is simple and reproducible method'®. Electropolymeriza-
tion can be provided potentiostaticaly, galvanostaticaly or
by potential cycling method. In general, potentiostatic
method is used to prepare thin films while galvanostatic
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method enables to prepare thick films''. Functionalization
of polymers to modify properties of the polymeric film can
be easily performed by two methods. First, the functional
groups are attached to the monomers through covalent
bonds and then electropolymerization is provided. Disad-
vantage of this method is loosing of polymer conductivity,
steric hindrance and cross-linking effects. Another often
used method is an incorporation of dopand into the poly-
meric network electrostatically during the process of elec-
tropolymerization'”.

Another problem to be solved in NA biosensors is the
immobilization of NA according to polymers. For this, few
methods were reported. Polymer assisted immobilization
of biomolecules, including NAs, has been reviewed'’. NA
can be either immobilized at the surface of polymer modi-
fied electrode or can be incorporated in the polymer layer.
In the second case, the method of electropolymerization is
mostly used. Immobilization of DNA onto polymer modi-
fied electrode surface where NA can be attached to the
polymer modified electrode surface using several methods:
simple adsorption™'*, covalent bonds' (first appropriate
functional groups are introduced to the polymer, then
DNA is covalently attached) or via affinity binding
(avidin-biotin). Immobilization of DNA within a poly-
meric matrix by electropolymerization is another, widely
used method of the DNA immobilization by incorporation
of DNA into the polymer matrix during electropolymeriza-
tion. Negatively charged biomolecules, such as DNA and
oligonucleotides, can be advantageously employed as
dopands of positively charged polymeric structure’. The
control of the current density at galvanostatic method or
potential at potentiostatic method during the electropoly-
merization process is very important to avoid the loosing
of bioactivity or decomposition of entrapped biomolecules.

To describe the state of art of using polymers in con-
struction of electrochemical NA biosensors, the latest pa-
pers were chosen. Polypyrroles and their derivatives are
one of the most extensively used polymers for the prepara-
tion of biosensors. This group of polymers has excellent
properties which can be advantageously used in enzyme
(transducing the analytical signal generated by redox en-
zyme reactions) as well as affinity biosensors (DNA bio-
sensors, immunosensors)’. PPY are used as an electrostatic
adsorption matrix for immobilization of DNA onto porous
silicon substrate without using covalent bonds'®. Polypyr-
roles are reported as convenient matrix for the immobiliza-
tion of nanomaterials at the surface of electrode'’. In this
case the combination of unique properties of conducting
polymers in combination with those of nanomaterials ex-
hibits the synergic effect which positively affects the sta-
bility, electron transfer and improved performance of final
biosensors. PPY film possessed the uniform surface for the
immobilization of Au-Pt hybrid nanoparticles'®. Among
latest application polypyrrole nanofibers were used to pre-
pare electrochemical DNA biosensor for the determination
of spermidine'”.

Polyaniline is widely used for the preparation of the
electrochemical enzyme biosensors and immunosensors™.
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However, several applications in DNA biosensors can also
be found. PANI can be prepared by electropolymerization
using galvanostatic method, potentiostatic method leading
to a polymer adhered weakly at the electrode surface or
potential cycling which produces polymer well adhered at
the electrode surface’’. Further modifications of PANI
were used successfully for various analytes. Nucleic acid
functionalized nanostructured polyaniline was used to
prepare sensor for sexually transmitted disease™. Two
polymers were used to prepare chitosan-co-polyaniline
electrode for electrochemical detection of a breast cancer
susceptible gene'®. Acetylcholinesterase immobilized on
polyaniline deposited on vertically assembled carbon
nanotubes wrapped with ssDNA was used to prepare elec-
trochemical biosensor for pesticides™. A sensitive electro-
chemical DNA biosensor was successfully realized on
polyaniline nanofibers, multi-walled carbon nanotubes
(MWCNT) and chitosan modified carbon paste elec-
trode**. The immobilization of the probe DNA on the sur-
face of electrode was largely improved due to the unique
synergistic effect of PANI and MWCNT.

Polythiophenes and their derivatives are also widely
used for the preparation of DNA biosensors. The disadvan-
tage of this polymers is in difficult electropolymerization
of polymers with functional groups suitable for the immo-
bilization of biomolecules (amino- or carboxylic groups)®.
However, few well defined works are presented. It was
shown that the ODN immobilized at the surface of quartz
crystal caused the blocking of the surface. After hybridiza-
tion with long target oligonucleotide (ODN) a Warburg
behaviour was restored. DNA was employed as dopand of
PEDOT?. Electropolymerized poly(4-hydroxyphenyl thio-
phene-3-carboxylate) as cationic polymer was advanta-
geously used for the electrostatic binding of polyanionic
ODN?". Moreover, interaction between PEDOT and spe-
cific ODN was studied using electrophoresis and spectro-
scopic methods™. It was shown that together with non-
specific electrostatic interactions specific hydrogen bind-
ing interactions between polymer and methylated ODN
appeared and stable complexes were formed. PEDOT was
first prepared by electropolymerization at the surface of
glassy carbon electrode (GCE) and then DNA solution was
spread over the polymer modified electrode®. DNA was
available for the electrostatic binding of Nile blue as redox
indicator. The composite electrode showed electrocatalytic
properties towards the reduction of hydrogen peroxide.
A novel DNA sensor based on organic thin film transistors
(OTFT) with semiconducting polymer poly(3-hexyl-
thiophene) has been fabricated by solution process to cre-
ate label-free DNA sensor’’. Based on this technique the
OTFT can be developed to be a low-cost, label-free and
disposable DNA sensor.

Quinone containing polymers, namely poly(5-hydro-
xy-1,4-naphtoquinone-co-5-hydroxy-3-thioacetic acid-1,4-
-naphtoginone), known as poly(JUG-co-JUGA), are also
popular for the preparation of DNA biosensors. In contrast
to classical conducting polymers, such as PPY or PANI
where signal transduction is performed via redox process
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of the polymer exchanging anion, in the case of poly(JUG-
co-JUGA) the signal is transduced by quinine group in the
polymer®'. Electropolymerized polyquinone film was suc-
cessfully derivatized with glutathione®. Glutathione was
used as a precursor for subsequent biomolecule linkage via
carboxylic groups. Free carboxylic groups were first trans-
formed into ester groups using 1,2-dichloroethane and then
amino terminated DNA was immobilized. Because the
polymeric film is cation exchanger, the negative charged
DNA can not be non-specifically adsorbed at the surface.
Solution of poly(1,4-benzoquinone) prepared by enzy-
matic synthesis was cast at the surface of carbon fiber
electrodes, then DNA was immobilized”>. The polymer
film allowed the hybridization detection by scanning elec-
trochemical microscopy in positive-feedback-mode.

Poly(vinylferrocene) is soluble polymer which can be
easily deposited at the surface of Pt™* or graphite working
electrode™ by its electrooxidation resulting in a less solu-
ble polymer poly(vinylferrocenium). Such an electrode can
be then advantageously used for the immobilization of
negatively charged DNA. Low non-specific immobiliza-
tion of DNA on this polymer was reported®’. Electro-
chemical signal of such polymer can be used for the detec-
tion of hybridization event*.

Polyethyleneimine and chitosan are cationic poly-
mers with good biocompatibility and high positive charge
density which allows an easy electrostatic DNA immobili-
zation. Study of interaction between DNA molecule and
PEI — copper(Il) complexes showed that together with
electrostatic interaction, van der Waals interactions and
hydrogen binding is also employed probably due to the
presence of multiple copper(Il) complex molecular units
and free amine groups of the polyme™. Electron transfer
kinetics at PEI-DNA modified electrode was studied®’. It
was shown that the surface of modified electrodes was
homogeneous and electron transfer was slower when PEI
formed an external layer. Moreover, further modification
with PEI-gold nanoparticles enhanced the electron trans-
fer. PEI was used to disperse the MWCNT and screen-
printed electrode (SPCE) was modified with resulting
composite®®. MWCNT-PEI formed a layer suitable for the
electrostatic adsorption of negatively charged DNA. DNA/
MWCNT-PEI/SPCE was used for the detection of DNA
damage by quinazolines. Interaction of PEI and CHIT with
plasmid DNA (pDNA) on a hanging mercury drop elec-
trode was compared®. Voltammetric studies showed that
each polymer interacts with pDNA by different mecha-
nism and higher amount of PEI interacts with pDNA than
it was observed in the case of CHIT. However, DNA and
CHIT can form stable complexes of specific size which is
influenced by molecular weight and pH of CHIT*. As-
sembled film composed of DNA and CHIT was prepared
using layer-by-layer technique at the surface of pyrolytic
graphite electrode*'. CHIT enabled the effective intercala-
tion of 9,10-anthraquinone-2,6-disulfonate into the dou-
ble helix of DNA. Biosensor was successfully applied for
the detection of DNA damage caused by Fenton reagent.
Cu(Il) ions were successfully immobilized in the DNA/
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CHIT layer due to the formation of Cu(Il)-DNA com-
plexes*. This amperometric biosensor showed excellent
electroactivity towards hydrogen peroxide with the detec-
tion limit 3 umol I"'. CHIT was also used to disperse
MWCNT®.

As can be seen in this report, variety of polymers and
modification techniques is chosen to prepare functional
NA biosensor, according to desired properties and function
of the transducer. The range of conducting, non-
conducting, doped or modified polymers that can be used
to prepare NA biosensor is widening markedly. New com-
posites, co-polymers are reported and further expected in
order to present their synergic effects.

This work was supported by the Scientific Grant
Agency VEGA (Project No. 1/0852/08).
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ANALYSIS OF VOLATILE ORGANIC COMPOUNDS IN EXHALED BRATH USING

NEEDLE TRAP DEVICE
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Volatile organic compounds have been proposed to
be contained in exhaled breath. Their concentration in
breath represent endogenous marker compounds for identi-
fication of illness like lung carcinoma, breast carcinoma
and rejection of foreign tissue after heart transplant rejec-
tion or other human diseases. Exhaled breath analysis is
a non-invasive clinical test, but analysis as a clinical tool
requires reliable identification and quantification of the
ppb — ppt concentrations present and proper understanding
of the basic biochemical mechanisms that generate these
trace components.
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An important step for analysis of different samples is
sample preparation step. The main effort is to reduce
amount of liquid solvents, or their complete elimination,
and minimize number of operations and processes in-
volved in the sample preparation stage. There are a lot of
solventless preparation techniques for analysis of volatile
organic compounds. Suitable technique for analysis of
these compounds, in trace concentration and from different
samples, is needle capillary adsorption trap (INCAT). The
main advantage of the needle trap device lies in the simple
methodology, low price, easiness and rapidity of the analy-
sis. Needle trap device is suitable for sampling in field.

A newly designed three-layered needle capillary ad-
sorption trap device packed with Chromosorb W coated
with 20 % methyl silicone OV-1, Carbopack X and Car-
boxen 1000, as sorbent materials inside the full volume of
stainless steel needle was used for sampling, preconcentra-
tion and injection of volatile analytes from breath samples
into the gas chromatograph. An injection port with a modi-
fied metal liner was used to desorb analytes trapped in the
needle trap device.

This work was supported by the Agency of the Minis-
try of Education of the Slovak Republic for the Structural
Funds of EU under project ITMS 26240220007.
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VYUZITIE SPE POCAS ANALYZY PRITOMNOSTI LATOK ZO ZOZNAMOV OPCW
VO VODNEJ VZORKE, ZA PRITOMNOSTI RADIOAKTIVNEJ KONTAMINACIE VO
VZORKE V MOBILNOM IDENTIFIKACNOM CHEMICKOM LABORATORIU
POCAS 2™ NATO MIXED SAMPLE LABORATORY EXERCISE

MILAN BOZOK, STEFAN BOVA
a PAVEL PULIS

Mobilné identifikacné chemické laboratérium, VU 7945,
S’aﬁtrikova, 048 01Roznava, Slovensko
bozok@orangemail sk, stefan.bova@post.sk,

pavel pulis@tuke.sk

Uvod

V mesiaci november 2009 az februar 2010 prebiehalo
cvigenie NATO s ndzvom 2™ NATO Mixed Sample Labo-
ratory Exercise do ktorého sa zapojilo aj Referencné che-
mické laboratorium (RCHL), ktoré pontiklo ndSmu praco-
visku moZznost’ podiel’at’ sa na analyzach vzoriek. Analyze
bola podrobena dorucend vzorka vody s ozna¢enim WO0S.
Podl'a scenara cvicenia, vzorka vody bola odobratd
z jazera vedla farmy, blizko ktorej doslo k vybuchu. Ne-
daleko vybuchu sa nachadzalo mesto s 5000 obyvatel'mi
a zavod na vyrobu pesticidov. Niekol’ko hodin po vybuchu
boli u obeti v blizkosti tohto miesta zistené priznaky expo-
zicie toxickou latkou, prejavujuce sa poskodenim pokoz-
ky, drazdenim oci, tazkym dychanim, davenim, hnackami
a celkovou nevol'nostou. Vzorka vody mohla podla scena-
ra obsahovat’ radioaktivnu, biologickil alebo chemicku
kontaminaciu. Na zéklade predbeznej analyzy vzorka ne-
obsahovala biologickl kontaminéciu, ale obsahovala ra-
dioaktivnu kontaminaciu, konkrétne bola zistend pritom-
nost *’U v neznamej forme. Na zéklade tychto informacii
bolo nutné vyvinat’ postup na zistenie pripadnych rezidui
chemickych latok podla zoznamov OPCW vo vzorke.
Predpokladali sme pritomnost’ vel'mi nizkych koncentracii
toxickych chemickych latok a hlavne pritomnost’ ich hyd-
rolytickych produktov. Standardne pouZivany postup
(obr. 1) nebolo mozné pouzit’ pre riziko radioaktivnej kon-
taminacie pristrojového vybavenia. Po dokladnom zvazeni
moznosti nasho pracoviska a poziadavky na dobu trvania
analyz podl'a STANAG 4632 do 6 hodin', bolo rozhodnuté
modifikovat’ Standardni metédu a pouZzit' na preparaciu
LLE v kombinacii s SPE s tym, ze kazdy extrakt uréeny
pre chemicku analyzu sa najskor podrobil bezpecnostnej
analyze na nepritomnost’ uranu, metodou rontgenove;j fluo-
rescencnej spektrometrie. Pre stanovenie bol pouzity pri-
stroj Twin-X (Oxford).

Na separaciu jednotlivych pripadnych rezidui, je pre
kazdu skupinu latok vhodny iny typ sorbentu pouZzitého
v kolonke SPE. Vyber vhodnych SPE sorbentov sme za-
merali na rozdielne skupiny rezidui, ktoré sa mohli nacha-
dzat’ vo vzorke. Jednalo sa o skupinu aminoalkoholov, ako
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Obr. 1. Standardna schéma analyzy vodnej vzorky

degradacnych produktov a prekurzorov dusikovych yperi-
tov, pripadne latky VX, alkylfosfonovych kyselin, ako
degradacnych produktov organofosforovych nervovopara-
Iytickych latok a tiodiglykolu, ako degradacného produktu
sulfidického yperitu. Zverejnené prace v oblasti analyzy
degradaénych produtov®® toxickych chemickych latok
(TCHL) odporucajii pouzitie SCX a HLB sorbentov.
V experimente sme aplikovali SCX kolonky pre separiciu
aminoalkoholov a odstranenie uranu ktory prechadza ko-
lonkou s ukoncenim metédami GC/MS(EI) v organickej
faze po derivatizacii a LC/MS(ESI) priamo. Pre LC/MS
(ESI) bolo nevyhnutné len odstrdnenie uranu
s minimalizovanim rizika straty analytu. Pre identifikaciu
alkylfosfénovych kyselin metddou GC/MS(EI) boli pouzi-
té Oasis HLB kolonky. Na separaciu thiodiglikolu sme
pouzili vlastnd metoédu, za vyuZzitia SPE koloénky C-18
s reverznou fazou. V oboch pripadoch bola vykonavana
identifikacia hl'adanych latok metédou GC/MS(EI) po ich
derivatizacii.

Experimentalna cast’
Pouzité chemikalie

Dichlormetén cistoty Enviroscan Capillary GC Grade
vyrobcu LAB-SCAN, acetonitril ¢istoty LC/MS vyrobca
MERCK, trifluoroacetic acid (TFA) cistoty HPLC grade
vyrobca Fischer Scientific, kyselina mrav¢ia Cistoty p.a.
vyrobca Fluka, metanol Cistota SupraSolv pre plynovua
chromatografiu vyrobca Merck, derivatizatné Ccinidlo
BSTFA vyrobca Supelco. Ultracista voda bola pripravena
na zariadeni EASYpure RoDi firmy Werner. SPE kolonky
HLB 3 cc/60 mg firmy Waters a SPE koloky Discovery
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DSC-18 3 ml/500 mg vyrobcu Supelco boli zakupené
ufirmy Lambda-life, SPE kolonky HyperSep SCX
200 mg/3 ml vyrobca Thermo zakupené u firmy Pragolab.

Chromatografické podmienky

Pre plynovy chromatograf s hmotnostnym detekto-
rom EM-640 Bruker bol ako zdroj nosného plynu pouzity
dusik, teplota injektora bola nastavena na 230 °C, trvanie
nastreku 60 s, bola pouzita kolona DB-5MS 25 m. Teplot-
ny program zacinal na 40 °C trvanie 5 min, nasledne narast
teploty 10 °C min™' na finalnu teplotu 260 °C, ktora bola
podrzana 8 min. Hmotnostny detektor pracoval v rozsahu
45-400 AMU.

Tabulka I
Podmienky gradientovej elucie
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Tabul’ka IT
Zvolené hodnoty hmotnostného detektora ESI
Nebulizer gas dusik
Nebulizer pressure 30.0 psi
Drying gas presure 30.0 psi
Drying gas temperature 300 °C
Scan mas 90-400 m/z
RF loading 70 %
Polarity positive
Capillary voltage 350V
Needle 5000 V
Shield 600 V

Solvent A Acetonitril
Solvent B Voda - 0,1 % kys. Mrav¢ia, 0,01 %
TFO
LC program cas % A %B prietok
ml min~

0:00 5 95 0.15
0:01 5 95 0.15
3:00 35 65 0.15
10:00 42 58 0.15
12:00 65 35 0.15
25:00 70 30 0.15
25:01 100 0 0.15
27:00 100 0 0.15
27:01 5 95 0.15
40:00 5 95 0.15

Kvapalinovy chromatograf s hmotnostnym detektorm
500-MS Varian bol vybaveny Solvent delivery modulom
ProStar 240. Na separaciu bola vyuzita kolona Polaris C-
18-A reverzna faza, dizka 15 cm, interny diameter 2 mm,
velkost’ Castic 5 um. Ako mobilna faza bol pouzity aceto-
nitril Cistoty LC/MS a ultradistd voda s obsahom 0,01%
TFA a0,1% kyseliny mravcej v gradientovej eltcii podla
tab. I. Hmotnostny detektor mal nastavené parametre pod-
la tab. II. Dévodom na pouzitie kyseliny mravcej aj TFO
je fakt, Ze ak sa pouzije samotné TFO, dosiahneme sice
vyborné rozliSenie a kvalitu pikov, ale TFO neumoziiuje
dokonalt1 ionizaciu v MS, preto je citlivost’ nizsia. Ak pou-
zijeme len samotnll kyselinu mrav¢iu, citlivost v MS sa
sice zvysi, ale dosiahneme nizSie rozliSenie. Z toho dovo-
du bola pouzita kyselina mrav¢ia s pridavkom TFO a tym
sa vyuzili pozitivne vlastnosti oboch latok®.
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Postup separacie

Na analyzu bolo pouzit¢ 10 ml vzorky vody.
V prvom poradi sa vyuzila extrakcia do kvapaliny, LLE.
Do 20 ml vialky bolo vlozené 10 ml vzorky a 5 ml dichlér-
metanu. Vialka po uzatvoreni bola sonifikovana po dobu
15 min, nasledne sa nechala 5 min odstat. Priprava pokra-
Covala vytrepavanim po dobu 15 min. Dichlérmetdnova
vrstva bola prenesend do Cistej 10ml vialky a pridal sa
priblizne 1 g bezvodého siranu sédneho. Vialka sa pone-
chala stat’ 15 min. Po odstredeni sa roztok preniesol do
Cistej 4ml vialky ktord bola oznafend ako ¢islo 1. Vodna
frakcia po extrakcii bola podrobena sérii postupnych SPE
extrakeii podla schémy na obr. 2. Postup aktivacie jednot-
livych SPE koloniek, premyvanie a extrakéné cCinidlo je
uvedené v tab. III. Kazdy extrakt bol prevereny na nepri-
tomnost’ uranu metédou XRF.

Postupy merania a derivatizacia

Jednotlivé extrakty ¢.1 az ¢.4 sa podrobovali sucasnej
analyze na zariadeniach GC/MS a LC/MS. Pre GC/MS sa
pouzil nastrek 1 pl a pre LC/MS 10 pl. Paralelna analyza
nam umoznila po skonceni merania zhodnotit, ¢i je nutna
derivatizacia pre GC/MS alebo ¢i je nutné vzorku prekon-
centrovat’ odparovanim dusikom. Pri extrakte ¢.2 sme
zistili pozitivny vysledok na pritomnost’ trietanolaminu
s pouzitim metédy LC/MS. Z merania vyplyvala nutnost’
vykonat’ derivatizaciu pomocou c¢inidla BSTFA, pre iden-
tifikaciu metédou GC/MS. Derivatizacia bola vykonana po
opatrnom odpareni extraktu do sucha za pouzitia slabého
pradu dusika, nasledne bolo pridané 250 pl acetonitrilu
a 50 pl ¢inidla BSTFA. Reakcia prebichala v termoreakto-
re pri stabilnej teplote 70 °C po dobu 30 min. Po skonceni
reakcie zmes vol'ne vychladla a bola analyzovana metodou
GC/MS.
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Tabul’ka II1
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Postup aktivéacie, premyvania a extrakcie jednotlivych SPE koloniek

Kolénka Aktivacia Nadavkovanie vzorky Premyvanie Extrakcia
SPE SCX 3 ml metanol vzorka vody po LLE 3 ml voda 2 ml 10% amoniaku v metanole
3 ml voda +1 ml metanolu
SPE HLB 2 ml metanol vzorka vody po SCX 2 ml voda 2 ml metanolu
2 ml voda
SPE C18 2 ml acetonitril vzorka vody po HLB 2 ml voda 2 ml acetonitril
2 ml voda
Wo08

SPE s SCX SPE s HLB SPEs Cl18
1 2 3 4
[ LC/MS a GC/MS ] [ LC/MS a GC/MS ] [ LC/ ] [ LC/ ]
— _
——

Derivatizacia

Obr. 2. Schéma analyzy vodnej vzorKky pri kombinovanej kontaminacii

Vysledky a diskusia

Vysledky jednotlivych merani okrem extraktu ¢.2
nepreukédzali pritomnost latok zo zoznamu OPCW.
V extrakte ¢.2 bola metddou LC/MS-ESI zistena pritom-
nost’ latky trietanolamin, ktora patri do zonamu OPCW 3B
17. Zaznam MS-ESI spektra potvrdil pritomnost’ latky
s molekulovou hmotnostou 149 m/z (150 M+H), prisla-
chajucej hladanému analytu. Nasledna MS-MS analyza
bola vykonana za tcelom verifikdcie Struktlry trietanola-
minu oproti referenénému Standardu. Okrem toho obsahuje
spektrum aj neidentifikovani latku s hmotnostou 102
a 162 m/z, ktora bola pritomna aj v slepej vzorke, bezpec-
ne neobsahujticej kontaminaciu. Trietanolamin je prekur-
zor a zéroven degradacny produkt dusikového yperitu
HN3. Jeho pritomnost’ bola potvrdena metodou GC/MS vo
forme derivatu, porovnaného s referenénym spektrom
kniznice OPCW e-vgwd 2008. Pre vykonanie potvrdzuji-
cej identifikdcie boli porovnané vysledky LC/MS a GC/
MS analyz, oproti vysledkom analyzy s referencnym Stan-
dardom trietanolaminu. Referencny Standard bol analyzo-
vany metodou LC/MS-ESI s naslednou MS-MS analyzou
priamo a metddou GC/MS po jeho derivatizacii BSTFA

a porovnanim s kniznicou OPCW e-vgwd 2008. V oboch
pripadoch bola pritomnost’ analytu potvrdend s uplnou
zhodou spektralnych zdznamov.

I
Wittt [y
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Obr. 3. LC-MS-ESI chromatogram extraktu z SCX



Chem. Listy 104, s547—s551 (2010) ACP 2010 — Sucasny stav a perspektivy analytickej chémie v praxi

M+H Trietanolamin
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Obr. 4. Spektrum extraktu z SCX meraného pomocou LS-
MS-ESI

Obr. 5. MS-MS spektrum hmoty 150 vzorky po SCX merané-
ho pomocou LS-MS-ESI
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Obr. 7. Chromatogram a MS-EI spektrum extraktu z SCX po
derivatizacii pomocou BSTFA
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Obr. 8. MS-EI spektrum extraktu z SCX po derivatizacii po-
mocou BSTFA a porovnanie s kniZnicou
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Obr. 6. MS-MS spektrum hmoty 150 Standardu trietanolami-
nu meraného pomocou LS-MS-ESI

= T

Obr. 9. MS-EI spektrum $tandardu trietanolaminu po deriva-
tizacii pomocou BSTFA a porovnanie s kniZnicou

Zaver

Analyza vzorky obsahujucej kombinovanti chemicku
a radioaktivnu kontamindciu prind§a mnozstvo praktickych
otazok, ktorych rieSenie nie je dostupné v Standardnych
postupoch ani v zverejnenych pracach. Takyto druh vzo-
rieck mozno v praxi ocakavat, rovnako ako aj vzorky
s kombinovanou chemickou a biologickou kontaminaciou.
Vysledky analyzy poukazuji na Gspesné vyrieSenie Casti
tohto problému, v rozsahu analyzovanej vzorky. Metdda
plynovej chromatografie shmotnostnou spektrometriou
(GC/MS-E]) sa javi ako ve'mi vhodna na identifikaciu

s550
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a stanovenie prchavych a termostabilnych klasickych to-
xickych chemickych latok. Podstatne menej je u¢inna pri
analyze ich hydrolytickych produktov. Takato analyza
vyZaduje pouZzitie separacnych postupov, prekoncentrova-
nie a cielent derivatizaciu, teda pouZitie Casovo naro¢nych
metdd. Z tohto pohl'adu sa javi ako vhodné pre potvrdenie
identifikacie zistenych produktov hydrolyzy presne vyme-
dzeného okruhu TCHL. Vyhoda pouzitia metody GC/MS-
EI spociva v dostupnosti referenénych spektier prakticky
pre vsetky klasické TCHL aich degradacné produkty,
vratane derivatov. Na analyzu hydrolytickych produktov
TCHL sa javi ako vel'mi progresivna, metdda LC/MS-ESI.
Umoziuje vzhladom na detekéné limity aj ich priamu
analyzu vo vzorke vody a nie je problematické v nej apli-
kovat’ separa¢né metddy SPE/ SPME, ako aj prekoncen-
tracné techniky. Je vhodna aj na analyzu termolabilnych
amalo prchavych TCHL, ale aj proteinovych toxinov.
Spolu s GC/MS vytvara ucelna zostavu, uplatitujucu sa pri
analyze celého spektra chemickych rizik. Jej nevyhodou je
nizka dostupnost’ referencnych spektier, vynucujuca tvor-
bu vlastnych databaz. Pouzitie technik SPE sa javi ako
velmi u¢inné na extrahovanie zdujmovych chemickych
rezidui pri kombinovanej kontamindcii, obzvlast’ pri kon-
taminacii radioaktivnymi izotopmi. Pocas experimentu
s referencnym Standardom neboli pozorované prakticky
ziadne meratelné straty analytu. V d’alSom obdobi je po-
trebné overit’ vhodnost’ uvedeného postupu na rdznych
radionuklidoch a celkovo sa pokusit' o znizenie Casu po-
trebného na analyzu, ako aj Co najviac optimalizovat’
a zjednodusit’ cely postup.
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Abstrakt

Cvicenie bolo zamerané na analyzu kombinovanej
vzorky obsahujiicej radioizotop **U a nezname rezidua
chemickej kontamindacie, obsahujicej pravdepodobne latky
podla zoznamov OPCW. Bolo nutné vyvinut' metdédu na
bezpeénii analyzu vzorky obsahujiucej radioaktivnu
a pravdepodobne aj chemicku kontaminaciu, aplikovatel-
ni v podmienkach mobilného chemického laboratoria.
Pozadovana bola kvalitativna analyza pritomnosti nezna-
mych chemickych latok, v sulade s podmienkami na potvr-
dzujicu identifikaciu podla normy AEP-66 (NATO).
Predpokladala sa pritomnost velmi nizkych koncentracii
toxickych chemickych latok, alebo produktov ich degrada-
cie. Standardny postup analyzy vzorky nebolo mozné vyu-
zit' bez rizika kontaminacie pristrojového vybavenia ura-
nom. Modifikovanie metddy a postupu analyzy bolo ciele-
né na minimalizovanie strat predpokladanych skupin ana-
lytov a zabranenie ich kontamindcii latkami st'azujicimi
analyzu. Odstranenie *°U zo vzorky sa javilo ako ¢asovo
atechnicky zloZité, preto bola zvolend cesta selektivnej
extrakcie predpokladanych rezidui chemickej kontamina-
cie. Pouzitie LLE (Liquid Luquid Extraction)
v kombinécii s SPE (Solid Phase Extraction) sa javilo ako
efektivne rieSenie Ulohy, vzhl'adom na minimalne riziko
zneCistenia vzorky a vysoku vytaznost' predpokladanych
analytov. PocCas predbeznej analyzy metédou plynovej
chromatografie s pouzitim ru¢nej sondy GC/MS(EI) nebo-
la zistend pritomnost prchavych chemickych latok
v parach nad vzorkou, ¢o vylucilo pritomnost’ toxickych
a nebezpecnych chemickych latok vo vysSich koncentra-
ciach. Analyza metddou rontgenovej fluorescencénej spek-
trometrie vylucila pritomnost’ toxickych kovov, vratane
arzénu.  Radiologické laboratorium potvrdilo v ramci
predbeznej analyzy pritomnost’ radioizotopu **°U. Pre
identifikaciu chemickych latok vo vzorke boli aplikované
metddy plynovej (GC/MS-EI) akvapalinovej (LC/MS-
ESI) chromatografie s hmotnostnou spektrometriou.
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STANOVENI RTUTI VE VZORCICH VODY Z PRISTAVU V HAMBURKU
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HELIOVYM PLASMATEM A OES DETEKCI
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Uvod

Oba anorganické ionty rtuti (Hg" i Hg*"), jakoz i orga-
nické slouceniny rtuti a elementarni rtut’ jsou toxické. No-
vé poznatky z poslednich desetileti nuti spole¢nost mini-
malizovat pfitomnost Hg ve vod€ a v pracovnim prostiedi.
Proto byly pro vzduch a vodu vydany nové predpisy a Hg
musi byt v uvedenych slozkéach Zivotniho prostiedi sledo-
vana. Povoleny limit obsahu Hg ve vzduchu na pracovisti
(expozice 7-8 hodin denné; 40hodinovy pracovni tyden) je
podle American Conference of Governmental Industrial
Hygienists (ACGIH) 0,02 mg m .

Generovani  t€kavych  sloucenin  se  pouziva
pro stanoveni jednotlivych prvkl jako rutinni spektroche-
mickéa stopova analytickd metoda jiz n&kolik desetileti'.
Existuji dvé vyhody zavadéni vzorku v plynné fazi. Prvni
znich je snadné oddé€leni analytu od kapalné matrice
a druhou vyhodou je moznost zakoncentrovani analytu
(zvySuje citlivost metody). Zi
pro vybér této metody je potlaceni vlivu necistot a jejich
interferenci®. Prvky, které tvoii tékavé formy, lze rozdglit
do dvou skupin. Hydridotvorné prvky (As, Bi, GE, Pb, Sb,
Se, Sn, Te) predstavuji prvni vétsi skupinu, a tékavé prvky
(Hg) a prvky, u kterych struktura jejich t€kavé slouceniny
neni zndma (pfechodné a uslechtilé kovy jako Cd, Cu, Ag,
Au, ...)** pfedstavuji druhou skupinu t&chto prvki. Je totiz
jiz dlouho zndmo, Ze Hg ma pfi pokojové teploté znacnou
tenzi pary (0,2460458 Pa~ 0,0018455 mm Hg sloupce)’.
Ta;ro skute¢nost je vyuzivana pro stanoveni Hg jiz mnoho
let'.

v

Technika studenych par Hg naSla Siroké vyuZiti
pro stanoveni Hg. Nejcastéji pouzivanou metodou,
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pro uvolnéni plynné Hg z roztoku, je chemické generovani
studené pary Hg (CMCVQG). Jako redukéni Cinidlo se ob-
vykle pfidava NaBH; nebo SnCl,. Tyto reakce bézi
za normalnich podminek a vygenerovana elementarni té-
kavéa Hg je unaena nosnym plynem do detektoru’®.
Elektrochemické generovani studené pary Hg
(EcMCVQ) je, podobné jako elektrochemické generovani
hydridd (EcHG), vedle chemického generovani vhodnou
alternativni technikou™'. Nejvétsi vyhodou EcMCVG je
pouziti elektrického proudu namisto drahého a nestabilni-
ho reduk¢niho cinidla. Pridavek redukéniho Cinidla také
mize byt zdrojem kontaminace'' ™. Mezi daldi vyhody
elektrochemického generovani tékavych sloucenin patfi
niz§i vliv oxidacniho stavu analytu na tvorbu tékavych
forem v porovnani s chemickym generovanim par'’.
Existuje mnoho ¢lankd o zakoncentrovani Hg, zejmé-

na proatomovou absorpéni spektrometrii (AAS)
s pouzitim in-situ zachytu nariznych materidlech, viz
napf. cit.""'2,

Spektrochemickd plasmova analyza je jednim

z nejlepsich pfistuptl k multiprvkové analyze riznych typt
vzorki riznych koncentraci®.

V 50. letech 20. stoleti zacali Mavrodineanu a Hughes
zkoumat mikrovinné vyboje v analytické atomové spektro-
metrii**. K vétiimu rozmachu vyuzivani mikrovlnné indu-
kovanych plasmat (MIP) doslo pak v 70. letech. Bylo zjis-
téno, ze mikrovlnné plasma je velmi silny excita¢ni a ioni-
zacni zdroj s Sirokou oblasti pouziti.

V pribéhu mnoha let byla jako rezonator pouzivana
bez vyznamnych tprav kavita TM 010 popsana Beenakke-
rem a spol.*.

Mikrovinné plasma je levnéjsi a také jednodussi nez
indukéné vazané plasma (ICP). MIP lze provozovat nejen
s Ar, ale také s He, a tak miize ucinné excitovat nekovy.
Nicméné, jeho nizka tepelna kapacita zplisobuje problémy
se zavadénim vzorku. Proto je toto plasma velmi citlivé
na slozeni matrice. V dne$ni dob¢ jsou MIP zdroje pouzi-
vany k prvkoveé-selektivni detekci v plynové chromatogra-
fii. Pro tento ucel jsou vhodnym plasmovym zdrojem, ale
zvlastni privod vzorku byva vzdy nezbytny * .

V MIP neexistuje zadné lokalni termodynamickd rov-
novéaha (LTE) a hustota ¢astic a teplota jsou prostorové
velmi nehomogenni*>.

PiestoZe v poslednich desetiletich doSlo k velkému
rozvoji indukéné vazanych plasmovych zdroji, nebyla
technika MIP zapomenuta diky mnoha vyhodam, jako je
niz§i cena, niz8i provozni naklady diky nizké spotiebé
energie a plynu a maly objem (velikost). Na druhou stranu
jsou pfi pouziti MIP ucinky matrice obvykle vyss$i nez
pti pouZiti ICP.

Bézné se pro generovani mikrovln pouziva magnetron
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na frekvenci 2,45 GHz, energie 20 az 250 W je pak vedena
do dutiny rezonatoru®*. V rozsahu nizkého vykonu plas-
matu se pouzivaji rovnéz generatory na bazi tranzistoru.

MIP mohou byt provozovany pouze v plynu, ktery ma
dostatecné mnozstvi elektrond. Proto je k zapaleni plasma-
tu nutna jiskra nebo uvolnéni elektroni jinym zptisobem®'.

Cilem této studie bylo spojit elektrochemické genero-
vani  studené pary rtuti  (EcMCVG) s excitaci
v miniaturnim ,,microstrip“ plasmatu (popsaném jiz dfi-
ve® ™) pro potteby optické emisni spektrometrie (MSP-
OES). Nov¢ navrhovana metoda vyuziva on-line spojeni
obou technik a ukézala se byt vhodnou pro stanoveni Hg
ve vodnych vzorcich.

7 wr

Experimentalni ¢ast

Miniaturni mikrovinné indukované plasma bylo pou-
zito jako zdroj zafeni pro opticky emisni spektrometr. Celd
instrumentalni sestava je zobrazena na obr. 1.

Elektrochemické generovani studené pary Hg
(EcMCVG)

EcMCVG bylo realizovano v elektrochemickém ge-
neratoru popsaném v &lanku'. Tento generator je vyroben
z plexiskla (Rempo Net, Ceska republika) a ma dva elek-
trodové prostory orozmérech 3 x 3 x 100 mm. Ty byly
navzajem oddéleny iontové vyménnou membranou Nafi-
onO117 (Aldrich, USA). Pt (99,999%, Goodfellow, Velka
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Britanie), byla vybrana jako katodovy i anodovy material
z divodu tvorby amalgamti Hg sjinymi kovy. Celkova
aktivni plocha katody a anody byla 1200, resp. 300 mm?
(cit."”). Vsechny elektrody byly pfipojeny pomoci médé-
nych kontaktt k laboratornimu zdroji konstantniho proudu
DIGI 40 (Voltcraft Labornetzgerit, Némecko).

Jako anodovy material slouzil roztok kyseliny H,SO4
o koncentraci 2 mol I"". Peristaltické Gerpadlo Peri-
max 12/4 (Spetec, Némecko) bylo pouzito pro Cerpani
vSech roztokl tygonovymi nebo teflonovymi hadickami
(vnitfni pramér 0,25 mm) aparaturou.

Piivod He a odstranovac¢ vodiku

Nosny plyn byl zavadén do aparatury na tfech ruz-
nych mistech, jak je zndzorné€no na obr. 1. Nejvyssi prutok
He (130 mlmin™) byl zavadén pied generator studené
pary Hg, druhy piivod (14 mlmin™") byl realizovan pro-
stiednictvim frity v dolni ¢asti separatoru plynné a kapalné
faze s nucenym odtahem (vnitini objem 5 ml). Dvé susici
bariky s celkovym mrtvym objemem cca 10 ml naplnéné
koncentrovanou H,SO4 byly pouzity pro suseni plynnych
reakénich produktt proslych separatorem fazi. Treti piivod
He byl realizovan pres odstraiova¢ vodiku uvedeny
naobr.2. Vnitfni objem kazdého zobou oddild
(3 x 15 mm) byl pfiblizn¢ 45 pl. Membrana Nafion®117
pouzita v tomto zafizeni je propustna pro He a H, (cit.***).
Priblizné polovina H, (vyprodukovaného jako vedlejsi
produkt v generdtoru studené pary Hg) mohla byt nahraze-
na v plasmovém kanalu heliem. Para Hg touto membranou

Obr. 1. Pouzita aparatura pro EEMCVG-MSP-OES; 1 — katodovy roztok / roztok vzorku; 2 — anodovy roztok; 3 — peristaltické Cerpa-
dlo; 4 — elektrochemicky generator studené pary rtuti; 5 — separator plynné a kapalné faze s nucenym odtahem a s fritou pro zavadéni He;
6 — susici banka s koncentrovanou H,SOy4; 7 — pojistna susici bainka s koncentrovanou H,SO,, 8 — odstranova¢ vodiku s Nafion 117-
membranou a tfetim pfivodem He; 9 — Micro-Strip Plasma (MSP); 10 — opticky emisni spektrometr; 11 — stabilizovany zdroj elektrické-
ho proudu pro generator studené pary rtuti; 12 — tlakova ldhev s He; 13 — digitalni pritokomeér pro prvni piivod nosného plynu; 14 —
priatokomér pro druhy pfivod nosného plynu; 15 — pratokomér pro tieti pfivod He; 16 — kadinka pro kapalné odpady; 17 — mikrovinny

generator — 2,45 GHz; 18 — zdroj energie pro mikrovinny generator
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Obr. 2. Odstranova¢ H,

neprochazela; to bylo prokdzdno pfipojenim druhého vy-
stupu tohoto odstranovace H, do MSP, pficemz zadny
signal pro Hg nebyl pozorovéan. Tento odstratiova¢ H, byl
velmi dalezity kvili vysokému vlivu H, na ucinnost exci-
tace Hg v MSP. Celkovy prutok plyni zavedeny do MSP
byl pfiblizng 160 ml min .

Micro-Strip plasma

Nizkoenergeticky mikropaskovy mikrovinné induko-
vany plasmovy zdroj byl pouzit pro atomovou emisni
spektrometrii v této praci*>*. Mikropasky tvoii zazehovy
prouzek a prouzek kompenzacniho okraje. Tento strukturni
detail je dulezity pro udrZeni nizké hodnoty odrazené ener-
gie v mikropascich’’. MSP bylo produkovéno v tenké
desti¢ce taven¢ho kiemene a bylo jiz pouZzito v kombinaci
s OES jako prvkové-selektivni detektor pro né¢kolik analy-
tickych aplikaci***®.

MSP bylo realizovano za atmosférického tlaku
v tenké Ctvercové desticce taveného kiemene o délce
30 mm a vySce 1,5 mm. V této desticce byl piimy kanalu
o priuméru 0,64 mm. Analyt byl do tohoto kanalu zavadén
v toku He prostiednictvim nemodifikované kiemenné ka-
pilary (plynova chromatografie). Cu-elektroda byla napa-
fena na zadni stran¢ desticky a pfipojena k uzemnénému
Cu-bloku chlazenému ventildtorem. Mikrovlnna energie
o frekvenci 2,45 GHz, byla produkovana v oscilatoru pro-
vozovaném pii 2450 MHz/60 W (Dirk Fischer Elektronik,
Némecko) s napajecim zdrojem typu 2231.1 (vstup 230 V
AC 50Hz, vystup 13,4V DC/20, Statron, Némecko)
a privedena na mikropasky MSP-zdroje koaxialnim kabe-
lem s miniaturnim konektorem. Tato energie byla dale
od této ,,antény* §ifena po vnitini strané plasmového kana-
lu mezi médénymi pasky a uzemnénou elektrodou®’. MSP
bylo obvykle v provozu pii maximalni energii 40 W, délka
plasmatu umisténého uvnitt plasmového kanalu pak byla
cca 3 mm.

Opticka emisni spektrometrie

Zateni produkované MSP bylo zfokusovano pomoci
vstupni cocky COL UV/VIS (6 mm v priméru) a procha-
zelo optickym vlaknem FC-UV600-2SR (Avantes, USA)
do miniaturniho spektrometru USB2000 (Ocean Optics,
USA). Tento spektrometr ma ohniskovou vzdalenost
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23 mm a /4. Byl vybaven difrakéni mfizkou a linearnim
detektorem s diodovym polem (Sony ILX511 high perfor-
mance 2048-element). Pomoci tohoto spektrometru byla
zaznamenavana spektra od 200 do 500 nm, pfi¢emz Sitka
jednoho pixelu odpovida vlnové délce 0,14 nm. Vzdale-
nost mezi plasmatem a vstupni ¢ockou byla optimalizova-
na na piiblizné 25 mm pro dosaZzeni maximalniho signalu
Hg. Mezi plasmovym zdrojem a vstupni c¢ockou bylo
umisténo kiemenné sklicko z diivodu ochrany optiky pred
horkymi plyny z plasmatu. Byly vyhodnocovany jak vys-
ky, tak i plochy procary Hg o vinovych délkach
253,65nm a 435,81 nm a byly provedeny korekce
na pozadi pii 251,57 nm, resp. 440,84 nm. Doba integrace
signalu byla volena mezi 100 a 300 ms.

Chemikalie

Zasobni roztok Hg,Cl, (Merck, Némecko) byl pouzi-
van v celém prubéhu studie a byl fedén na pozadovanou
koncentraci Hg roztokem kyseliny chlorovodikové
o koncentraci 0,05 mol I'"". Tento roztok HCI &istoty supra-
pure (Merck, Némecko) slouZzil rovnéZz jako katodovy roz-
tok. Anodovy roztok a suSici ndpln suSicich banck byly
pripraveny z kyseliny sirové Cistoty pro analyzu (Merck,

Némecko). Dvakrat destilovand voda byla pouZita
pro pripravu vsech roztokd.
Standardni roztoky odfirmy Merck obsahujici

1000 pg ml™ As, Cd, Co, Cu, Fe, Ni, Sb, Se a Te byly
pouzity pro interferen¢ni studii pfi koncentraci analytu
50 ng ml ™.

Helium 0 99,9999% ¢istoté bylo pouZivano jako pra-
covni plyn.

Koncentrovana HNO; a H,SO, Ccistoty suprapure
(Merck) byly pouzity pro rozklady referencniho materialu
NIST SRM 2781 (domaci kal) v mikrovinné troubé
MARS 5 (CEM Corporation, USA). Stanoveni Hg v tomto
materialu slouzilo k validaci vyvinuté metody. Tyto vy-
sledky stejné¢ jako vysledky analyz realnych vzorki
(spikované vzorky povrchovych vod a spikovany referenc-
ni materiall SRM NIST 1640 (stopové prvky v ptirodni
vode)) byly porovnany s vysledky ziskanymi pomoci ICP-
OES Spectro CIROS CCD (Spectro Analytical GMBH,
Neémecko).

Postup ptipravy vzorku

Navrhovanym postupem byla analyzovana pfirodni
voda SRM NIST 1640. Jeji roztok byl pred stanovenim Hg
desetkrat zfedén.

Dale byl analyzovan SRM NIST 2781 po mikro-
vinném rozkladu tohoto domaciho kalu. 5 ml koncentrova-
né H,SO,4 a 5 ml HNO; bylo pfidano k navazenému vzorku
vysuseného domaciho kalu. Potom byl pouzit dvoustupiio-
vy program mikrovinného rozkladu vzorku. Piisobeni mik-
rovinné energie 1200 W po dobu 5 min mélo za nasledek
tlak pfibliZzn€ 35 bar a teplotu 140 °C. Po 40 min druhého
kroku bylo zastejného tlaku dosazeno 190 °C.
Po dokonceni tohoto programu a po ochlazeni byla reak&ni
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smés prevedena do Cisté sklenéné kadinky. Zahfivanim
doslo k odstranéni plynnych NO,, jak doporucuje cit.”’.
Po zfedéni katodovym roztokem (0,05 mol I"' HCI), byla
tato smes piefiltrovana pfes papirovy filtr (Filtrak 390,
Némecko) a v odmérné bance doplnéna na finalni objem
50 ml. Tento postup byl jiz popsan v cit.® a byl v této praci
modifikovan krokem filtrace.

Pro analyzu vSech roztokd vzorkl byla pouzita meto-
da standardniho ptidavku v linearnim rozsahu kalibra¢ni
ktivky. Pfidavana koncentrace Hg ve vyslednych roztocich
byla 50 ng ml™. Pro kazdy vzorek byla provedena tii opa-
kovana stanoveni zahrnujici kompletni analyticky postup.

Vysledky a diskuse
Optimalizace

VSechny parametry navrhované metody stanoveni Hg
byly optimalizovany tak, aby bylo dosazeno maximalniho
signalu nebo maximalniho poméru signal/Sum. Optimalni
podminky jsou uvedeny v tab. .

Ptiprava katody

Pred kazdym méfenim byl povrch katody cistén
a aktivovan elektrochemickym generovanim studené pary
Hg z roztoku s vysokym obsahem Hg (50 ng ml™) pro cca
10—15 min, dokud signal nevystoupal na konstantni hod-
notu. Pak byl elektrolyzovan Ccisty katodovy roztok
(0,05 mol I"' HCI) az Hg-signal klesl na nulu. Po této akti-
vaci byly ziskavany reprodukovatelné vysledky. Bylo zjis-
téno, Ze priprava elektrod ma vyznamny vliv na presnost
stanoveni Hg stejné jako bylo jiz dfive popsano
pro elektrochemické generovani hydrida®.

Slozeni katodového a anodového roztoku

Jako elektrolyty byly pouzity ziedéné roztoky HCI
aH,SO,. Na zékladé predchozi zkuSenosti byla

Tabulka I
Optimalni pracovni podminky pro EEMCVG-MSP-OES

Parametr Hodnota

1 ml min™"
0,05 mol I"' HCI
2 mol I"! H,SO,

Pritok elektrolytu (vzorku)
Katodovy roztok
Anodovy roztok

Priitok He 1. piivodem 130 ml min"'
Pritok He 2. pfivodem 14 ml min™'
Pritok He 3. pfivodem 20 ml min™'
Elektricky generacni proud 0,03 A
Energie MSP 40 W

Susici roztok 97% H,SOy4
Integracni ¢as 300 ms
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do anodového roztoku vybrana H,SO, o koncentraci
2,0 mol I'". Optimalni koncentrace HCI v katodovém roz-
toku pro tuto metodu je velmi vzdalena od optimalniho
slozeni katodového roztoku pro maximalni i¢innost gene-
rovani studené pary Hg, protoze bylo nezbytné snizit nega-
tivni vliv H, na plasma. Kromé& pouziti odstranovace H,
byla jesté snizena koncentrace HCl v katodovém roztoku
(pomér Hg/H, je vyssi), jak je uvedeno na obr. 3a. Pritok
katodového roztoku byl testovan vrozsahu 0,5 az

2,5 ml min "' a jako optimélni byl zvolen 1,0 ml min™".

Vliv elektrického proudu

Pokud jde o tvar zavislosti signalu na vlozeném elek-
trickém proudu, existuje velky rozdil mezi MSP-OES
a AAS. Tvorba H, (vedlejsi produkt elektrochemického
generovani studené¢ pary Hg) ma v AAS pozitivni vliv.
Pti pouziti OES vsak produkovany H, snizuje excitacni
ucinnost plasmatu a piebytek H, dokonce MSP uhasi. Pro-
to byl vyvinut a také pouzivan odstranova¢ H,
s Nafionovou membranou. Emisni Hg signal se zvySenim
generacniho proudu klesal, jak je zndzornéno na obr. 3b.
Tato zavislost ma ostré maximum mezi 0,03 a 0,04 A.
Zakiiveni v této casti kiivky ukazuje, ze se jedna
0 kompromis mezi podminkami vhodnéjsimi
pro generovani studené pary Hg a podminkami vhodnymi
pro nizkou produkci H,. Elektrochemicky generator stude-
né pary Hg byl nakonec provozovan pii 0,03 A a koncent-
raci 0,05 mol I"' HCI v katodovém roztoku. Tyto hodnoty
se z vySe uvedenych divodi hodné lisi od dfive publiko-
vanych tdaji'’.

Vliv priitokové rychlosti nosného plynu

Tti ptivody He na rtiznych mistech aparatury (obr. 1)
maji rizné funkce. Nejdialezitéjsi z nich byl ten prvni,
ktery ustil pfed generator studené pary rtuti. He zde nemé-
lo jen funkci nosného plynu, ale slouzilo také k desorpci
Hg z povrchu katody. Jak je znazornéno na obr. 3c, byl
optimalni pritok 130 ml min™".

Druhy ptfivod He byl realizovéan prostfednictvim frity
na spodni strané separatoru plynné a kapalné faze
s nucenym odtahem. Pritok He pfes tento kandl byl opti-
malizovan pro ziskani co nejlepsiho poméru signal/Sum
a jako optimalni byla zvolena hodnota 13 ml min ™.

Zavislost signalu na prutoku He tfetim ptivodem ne-
byla tak strmd. Bylo nutné zachovat v pfivodni trubici
maly pietlak, ktery ale musel byt niz§i nez v plasmovém
kanalu. Jako optimalni byl zvolen pritok 20 ml min', ale
ne vSechno He ztohoto kandlu prochazelo membranou
do plasmového kanalu.

Zékladni charakteristiky

Kalibra¢ni kiivka za optimalnich experimentalnich
podminek (tab. I) byla naméfena v koncentracnim rozsahu
0 az 750 ng mI™". Nejvyssi citlivost a nejnizsi mez detekce
byly ziskany pro nejcitlivéjsi caru Hg 253,65 nm. Ziskané
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Obr. 3. Vysledky optimaliza¢ni studie EcMCVG-MSP-OES;
0,05 ug ml™' Hg; 1 ml min' katodového a 2 mol 1" H,SO, jako
anodového roztoku; vykon MSP 40 W; vyhodnocovana vyska
piku pro ¢aru Hg 253,65nm; a) Vliv koncentrace HCI
v katodovém roztoku: priitok He: 1. kanal: 130 ml min™', 2. kanal:
14 ml min ™, 3. kanal: 20 ml min™'; generaéni proud 0,03 A, inte-
gracni ¢as 200 ms; b) Vliv vlozeného generac¢niho proudu: priutok
He: 1.kanal: 130 mlmin™', 2.kanal: 14mlmin”', 3.kanal:
20 ml min"; 0,05 mol I'' HCI v katodovém roztoku; integracni
¢as 200 ms; c¢) Vliv pratoku He: 0,05 mol I HCI v katodovém
roztoku; 20 ml min™' He ve 3. kanalu; generacni proud 0,03 A,
integracni ¢as 300 ms
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Obr. 4. Kalibra¢ni krivky pro stanoveni Hg pomoci EcM-
CVG-MSP-OES; I ml min™' 0,05 mol I"' HCI jako katodového a
2 mol I'" H,S0, jako anodového roztoku; pratoky He: 1. kanal:
130 ml min!, 2. kanal: 14 ml min!, 3. kanal: 20 ml min™'; gene-
racni proud 0,03 A; vykon MSP 40 W, integracni cas 300 ms
na ¢afe Hg 253,65 nm

zavislosti pfi této vinové délce jak pro vysky pika tak
pro plochy piki jsou uvedeny na obr. 4. Dosazené zakladni
charakteristiky jsou shrnuty v tab. II. Meze detekce byly
zjistény metodou trojnasobku smérodatné odchylky. Opa-
kovatelnost byla stanovena jako relativni smérodatna od-
chylka 10 po sob¢ jdoucich méfeni roztoku o koncentraci
Hg 50 ng ml™".

Mez detekce metody je srovnatelnd s jednou z dal$ich
metod pro stanoveni Hg bez zachytu pomoci optické emis-
ni detekce. Mez detekce mnavrhovaného stanoveni
(1,1 ng'ml™") je devétkrat lepsi, ale linearni ¢ast kalibraéni
kiivky (3,7-300 ng mI™) je kratsi neZ je uvedeno v &lanku
se stejnym budicim zdrojem a detekcni technikou MSP-
OES®. Pohl a spol. dosahli s chemickym generovanim
studenych par Hg pomoci NaBH, meze detekce 9 ng ml!
a linearniho rozsahu az 2 pg ml™.

Interference

Stejné jako u diive popsanych stanoveni Hg s MSP-
OES, i zde zpiisobuje fada prvki interference®. Potencidl-
nimi interferenty jsou hydridotvorné prvky (As, Sb, Se,
Te), ptechodné kovy (Cd, Cu, Fe, Ni) a soli (NaCl).

Vlivy potencialnich interferenti byly studovany
za optimalnich podminek uvedenych v tab. I pro roztoky
o koncentraci Hg 50 ng mI™. Vliv vy3e uvedenych prvka
v redlnych vzorcich byl obecné nizky vzhledem k jejich
nizké nalezené koncentraci.

Na zéklad¢ provedenych experimentli byly uvedené
prvky rozdéleny do t¥i skupin. Prvni skupina obsahuje Se
potlaceni signalu analytu. Pfidavek As, Cu, Cd a Sb zvysil
pozorované signaly na obou vlnovych délkach. Fe, Nia Co
tvofi tfeti skupinu prvki. Bylo zjisténo, Ze jejich vliv
na signal Hg neni tak silny.

V biologickych a environmentalnich vzorcich je ob-
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Tabulka II
Zakladni charakteristiky stanoveni Hg pomoci EEMCVG-MSP-OES

Parametr Vyska piku Plocha piku

Hg 253,65 nm Hg 435,81 nm Hg 253,65 nm Hg 435,81 nm
Mez detekce, ng ml™! 1,1 8,0 13 8,6
Korela¢ni koeficient 0,999 0,985 0,997 0,993
Linearni dynamicky rozsah, ng ml™' 3,7-300 200-500 44,2-300 200-500
Opakovatelnost, % 2,7 1,0 1,4 0,9
. . . . o e Lolies Wintethude . gaimbek!No

vykle vysoky obsah soli. Nejinak je tomu i u vzorkl vod. 0 ¥/ st EIEE W =X
Proto byl zkouméan vliv pfitomnosti NaCl na stanoveni Hg. @ s

Pfi méfeni vysky pikil pro ¢aru Hg 253,65 nm za¢ina byt b i e | S s ) g0,
vliv piidavku NaCl vyznamny od 0,5 % Na v roztoku s A\ Y AT

vzorku. P - SRS Bt & 2o

Studie ukazuje, Ze EcMCVG je vice nachylna
na interference nez CMCVG pii stejné pouzité detekEni
technice (MSP-OES).

Analytické aplikace

Potencial EcMCVG-MSP-OES pro stanoveni Hg byl
zkouman také pii analyze standardnich referencnich mate-
riald.

ICP-OES s pneumatickym zmlzovacem pak bylo pou-
zito jako srovnavaci metoda pro stanoveni Hg v tychz
vzorcich. SRM NIST 1640 (stopové prvky v pfirodni mi-
neralni vod€) byl pouzit pro tento cel, stejné jako tii vzor-
ky SRM NIST 2781 (domaci kal), které byly nejprve
podrobeny mikrovinnému rozkladu. Poté byly tyto roztoky
nafedény na finalni koncentraci Hg piiblizné 10 ng ml™".
Kazdy z téchto vzorku byl dale rozdélen na dvé poloviny.
V prvni frakci byla stanovena koncentrace Hg bez ptidav-
ki, vdruhé frakci s pfidavkem Hg. Koncentrace téchto
ptidavka byla 50 ng mI™'. V metodé ICP-OES byla vyhod-
nocovana plocha piki ¢ary Hg 184,95 nm.

Obsah Hg v SRM NIST 2781 byl pomoci EcMCVG-
MSP-OES zjistén 2,72 + 0,37 ug g ', pfi pouziti ICP-OES
byl nalezen vysledek 2,80 + 0,59 ng g . Nejistota koncen-
trace Hg byla vyjadiena jako smérodatnd odchylka. Vy-
sledky obou metod jsou v dobré shod¢, ale jsou oba nizsi
nez certifikovana hodnota 3,64 + 0,25 pg g '. To miize byt
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Obr. 5. Mapa odbérii realnych vzorki povrchové vody (viz téz
tabulka IIT)

zpuisobeno nizkou uginnosti mikrovinného rozkladu® nebo
ztratami  béhem filtrace. Obsah Hg nebyl v SRM
NIST 1640 certifikovan a také Z4dnd Hg v tomto roztoku
nebyla nalezena. Nicméné, po piidavku Hg o vysledné
koncentraci 50 ngml ™' k tomuto roztoku obsahujicimu
bézné interferenty pii stanoveni Hg byla zjisténa vytéznost
101,2 %.

Pomoci navrzené metody byla také stanovena koncen-
trace Hg v redlnych vzorkli vod. Bylo provedeno sedm

Tabulka IIT
Odebrané vzorky povrchové vody provedené 1. 7. 2009 v okoli Hamburgu, Némecko a nalezeny obsah Hg
C.  Misto odbéru Popis Cas cig [ng ml™]
1 Krugkoppelbriicke vtok Alsteru do jezera (zastavka lodni dopravy) 13:40 17,70285
2 Townhall odtok Alsteru z jezera (zastavka lodni dopravy) 14:40 16,83679
3 Baumwall pristavisté majakové lodi (Severni Labe) 15:00 10,77686
4 Landungsbriicken zastavka fi¢ni dopravy (Severni Labe) 15:30 12,03798
5 Waltershol zastavka ficni dopravy (Severni Labe) 16:05 8,270991
6 Teufelbriick zastavka ficni dopravy (Severni Labe) 17:20 5,45394
7 Klein Flottbeck malé jezirko v parku 18:20 3,947146

s557
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odbérl vzorkt podél fek Alster a Labe, jak je znazornéno
naobr. 5. Pomoci metody standardniho pfidavku byly
ziskany velice nizké hodnoty koncentrace Hg. Na zakladé
provedenych analyz byl ovéfen trend fedéni Hg obrov-
skym mnozstvim vody pfitékajici v Labi. Dosazené vy-
sledky pro tyto vzorky jsou shrnuty v tab. III.

Zavér

Nové vyvinutd kombinovana metoda elektrochemic-
kého generovani studenych par Hg spojena s technikou
.microstrip” plasmatu a optickou emisni spektrometrii je
citlivou a vhodnou metodu pro stanoveni stopovych mnoz-
stvi Hg ve vodnych roztocich. Popsané pokusy prokézaly,
ze elektrochemické generovani studenych par Hg muze
nahradit bézn¢ pouzivané chemické generovani pouzivajici
NaBH, nebo SnCl,. Nizsi dosazenou mez detekce 1ze vy-
svétlit pomoci lepsi stability systému a absence moZznych
kontaminantt z redukéniho Cinidla.
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V. Cerveny™®, M. Horvath™‘, M. Amberger®, and
J. A. C. Broekaert® (“ Institute for Inorganic and Applied
Chemistry, University of Hamburg, Hamburg, Germany,
"on leave from Department of Analytical Chemistry, Fac-
ulty of Science, Charles University in Prague, Prague,
Czech Republic, “on leave from Department of Chemistry
and Biochemistry, Szent Istvan University, Godollo,
Hungary): Mercury Determination in Water Samples
from the Harbor of Hamburg Using Coupled Tech-
nique of Electrochemical Mercury Cold Vapor Genera-
tion and Microstrip Microwave Induced Helium
Plasma Optical Emission Spectrometry

A new combination of flow-through electrochemical
mercury cold vapor generation with microstrip microwave
plasma optical emission spectrometry (EcMCVG — MSP —
OES) has been realized and optimized to attain maximum
sensitivity for the Hg-253.65 nm line intensities in the case
of aqueous solutions. A laboratory constructed thin-layer
flow-through hydrogen remover (inner volume of 2x150 pL)
was used in this work. Then a limit of detection of
1.1 ngmL™" was obtained for Hg with the 40W helium
plasma. Further, the results obtained for analyses of SRM
NIST 2781 (domestic sludge) were compared with those
of ICP-OES. The recovery was tested by spiking of SRM
NIST 1640 (trace elements in water) and its value was
101.2 % at the 50 ng mL™" level. Consequently, water
samples from the harbor of Hamburg were also analyzed
using proposed method.
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Introduction

Complex chemical and toxicological analysis of envi-
ronmental samples (e.g. air aerosols, waters, sediments,
waste slurries) can be used to isolate and identify sub-
stances in real complex mixtures that are toxicologically
significant to environmental compartments and human.
This is achieved using bio-tests for determination of toxic-
ity, and fractionation steps for reducing sample complexity
to allow detailed chemical analysis with chromatographic
technique connected to mass spectrometer'”.

Our proposed method incorporated open column
fractionation step on activated silikagel and clean-up on
silikagel impregnated with 40 % (w/w) of concentrated
sulphuric acid to the sample process procedure. Fractiona-
tion step allows separation of all extractable compounds to
fractions with compounds of four different polarity (non-
polar — FO, aromatic and persistent organic pollutants
(POPs) — F1, slightly-polar — F2 and polar — F3) and clean-
up step provides sub-samples containing only POPs — frac-
tion with persistent organic compounds (e.g. PCDD/Fs,
PCBs). These procedures significantly decrease chemical
noise of chromatographic analysis, caused by decreasing
of amount of co-extracted matrix substances. The DR-
CALUX assay was used for toxicological analysis and
HPLC/DAD, LC/MS-MS, GC/MS and GC/ECD for
chemical analysis of crude extract and their fractions de-
scribed above.

Experimental procedures
Extraction and fractionation

Solid samples were automated Soxhlet extracted
(Soxtec System HT, 1043 Extraction unit, FOSS Tecator,
Sweden) with 70 ml of dichloromethane for 3 hours.
A silica gel column low-pressure chromatography was
used for consequent cleaning and fractionation of this
crude extract (CE). Aliquot of the sample in dichloro-
methane was evaporated just to dryness; the residue was
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redissolved in 0.5 ml of hexane and applied to the top of
the open silica gel column. Silica gel (Silica gel 60, parti-
cle size 0.063—0.2 mm, Merck, Darmstadt, Germany) was
activated 1 hour at 200 °C prior to its use. Column with
dimensions 250 x 10 mm was dry packed with 10 g of
silica gel and washed with 20 ml of hexane prior to appli-
cation of extract. Sample was eluted with 20 ml of hexane to
obtain an aliphatic fraction (non-polar compounds — FO),
followed by 20 ml of hexane/dichloromethane (1:1, v/v) (F1
— fraction including aromatic and POPs compounds),
20 ml of dichloromethane (F2 fraction with slightly-polar
compounds) and 30 ml of methanol (F3 — polar com-
pounds). POPs fraction was prepared with aliquot of crude
extract eluted through column packed with Silica gel, as
mentioned above, impregnated with 40 % (w/w) of con-
centrated sulphuric acid.

HPLC/DAD, LC/MS-MS, GC/MS and GC/ECD
analysis

HPLC/DAD method was used for determination of
polycyclic aromatic hydrocarbons (PAHs) with molar
mass from 128 to 302 g mol™". This system consisted of
Waters 717plus autosampler, Waters 600E solvent deliv-
ery system and Waters 996 photodiode array detector
(Waters, Milford, MA, USA). 150 x 3 mm Supelcosil LC-
PAH column with particle diameter 5 um (Supelco, Belle-
fonte, PA, USA) was used. A gradient with water, metha-
nol, acetonitrile and tetrahydrofuran was applied for sepa-
ration of the analytes: 0-55 min. 40—0 % water, 30 % ace-
tonitrile and 30-70 % methanol; 55—-72 min. 30-100 %
acetonitrile and 70—0 % methanol; 72—100 min. 100-72 %
acetonitrile and 0-28 % tetrahydrofuran. The flow rate of
the mobile phase was 0.6 ml min™, the column tempera-
ture was set at 35 °C.

The LC/MS-MS analysis of nitrated, di-nitrated and
oxygenated derivatives of PAHs; estrogens and their me-
tabolites were performed on a triple-quadrupole mass
spectrometer TripleQuad 6410 (Agilent, Santa Clara, CA,
USA) equipped with an electrospray ion source (ESI),
Agilent 1200 Binary Pump System with an autosampler
and MassHunter software system. The ionization of ana-
lytes was operated in the positive ion mode. The analyte
classes were separated in a reverse-phase mode using HPLC
column Supelcosil LC-PAH (150 mm x 3 mm, 5 pm — Su-
pelco, Bellefonte, PA, USA).

Twelve classes of contaminants (linear and branched
alkanes, PAHs (128-278 MW), alkylated derivatives of
PAHs, oxygenated PAHs, nitro-derivatives of PAHs, poly-
cyclic aromatic hydrocarbons with one heterocyclic atom
in the cycles (N — PANHs and S — PASHSs), esters of
phthalic acid (PAEs), steranes, terpanes, sterols and musk
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compounds) were determined by GC/MS. GC separation
was done in the fused silica capillary column (SLB-5ms:
30m x 0.20 mm x 0.20 um — Sigma-Aldrich, Prague,
Czech Republic) with helium as carrier gas. An ion trap
mass spectrometer Saturn 2100T (Varian, Walnut Creek,
CA, USA), which operated in electron ionization and se-
lected ion storage modes at an electron ionization energy
of 70 eV, was used for the identification and quantification
of the analytes under study.

Polychlorinated biphenyls (PCBs) and organic chlo-
rinated pesticides (OCPs), which were separated in the two
capillary columns (one with slightly polar phase — 007-
5 ms and second with polar phase — 007-1701, both 60 m,
025mm ID., 025um phase film thickness —
QUADREX, Woodbridge, CT, USA) and two electron
capture detectors (ECD), were used to identification and
quantification of analytes.

DR-CALUX® assay

The AhR-mediated activity was determined using the
rat hepatoma H4IIEGud.Lucl.1 cell line, stably transfected
with a luciferase reporter gene under control of dioxin
responsive elements as described previously®. For the DR-
CALUX assay, cells were plated in 96-well plates for 24 h.
Cells were treated for 24 h with tested or reference
(2,3,7,8-tetrachlorodibenzo-p-dioxin; TCDD) compounds
dissolved in fresh medium. The maximum DMSO concen-
trations did not exceed 0.5 %. After exposure, the medium
was removed, cells were washed and lysed with a lysis
buffer. The plates were frozen at —80 °C. The luciferase
activity was then measured on the Luminoscan luminome-
ter (Labsystems, Turku, Finland), using the Luciferase
Assay Kit (BioThema, Handen, Sweden). Induction
equivalency factors of dioxin-like PAHs and their alky-
lated derivatives (total 75 tested compounds) were pub-
lished previously*™.

Results and discussion

Diesel exhaust particles (DEP) in form of SRM
1650b (NIST, USA) was used as an example here de-
scribed methodology for chemical and toxicological char-
acterization of environmental samples. Analyte concentra-
tions were in good agreement with certificated values of
SRM 1650b. Sum of 16 US EPA PAHs was 203.3 pg g’
and sum of other PAHs (29 compounds) was 51 pgg .
Phenanthrene (63.3 pg g™'), fluoranthene (48.9 pg g™') and
Pyrene (45.4 pgg™') were the more abundant parent
PAHs. 3-Methylphenanthrene (48.9 ug g') was compound
with higher concentration among alkylated derivatives of
PAHs (55 substances with total concentration 347 pg g ™).
The most abundant nitrated derivative of PAHs was 1-Nitro-
pyrene (13.0 ug g™"). The results of the overall chemical
characterization of the sample are summarised in Table 1.

Posters

Table I
Chemical characterizations of diesel exhaust particles
(SRM 1650b)

Compounds Names 1650b [pg/g]

Sum of 16 US EPA PAHs 203
Sum of ohter PAHs 51
Sum of Alkylated PAHs 347
Sum of Oxygenated PAHs 327
Sum of PASHs 0.81
Sum of Nitrated PAHs 13.4
Sum of Dinitrated PAHs 0.12
Sum of PAEs 2048
Sum of n-Alkanes 187
Sum of Branched-Alkanes 1050
Sum of Terpanes 229
Sum of Steranes 103
Sum of all compounds 4559

The results of ability of SRM 1650b to activate AhR
using rat hepatoma HA4IIE cells stably transfected with
luciferase reporter gene under control of dioxin responsive
elements for determination of AhR activation (DR-
CALUX® assay) are summarized in Fig. 1. Crude extract
(CE), F1, F2 and F3 induced high levels of luciferase ac-
tivity (387 = 7, 90 = 21, 39+ 6, 102+ 11 ng IEQ/g dw,
respectively), but POPs showed very low activities (7 + 2
ng IEQ/g dw). Because fraction F1 contained POPs and
PAHs, it means that AhR-mediated activity of F1 was
caused by PAHs. Taken together, polar compounds and
PAHs induced the majority of AhR-mediated activity of
SRM 1650b.

Activity of dioxin-like PAHs, eluted in the first frac-
tion, can be calculated from their induction equivalent
factors and corresponding concentrations, IEQ = IEF x
conc. of PAHs (induction equivalent quotient). IEQ calcu-
lated from chemical data (29.9 ng TCDD/g dw) was one
third of value calculated from DR-CALUX assay. Lower
value of IEQ calculated from chemical data can be done
synergetic actions between POPs and PAHs in this tested

500 -
400 —F—

o0

) 300 A

=

o

= 200 A
[] ]
0 — S .

CE POPs F1 F2 F3

Fig. 1. Dioxin like toxicity of SRM 1650b expressed as their
AhR activity
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fraction, which was revealed by DR-CALUX test, or
rather existency of other substances, which were not yet
tested on dioxin-like activity (or AhR activity).

We developed a complex method for chemical and
toxicological characterization of environmental samples.
This method was used for characterization of air aerosols,
air particulate matter, diesel exhaust particles, river sedi-
ments and samples from the waste water treatment plant.
This method design can be used not only for environ-
mental samples.

This work was supported in part by the grants from
Ministry of Agriculture of the Czech Republic (MZE
0002716202) and Grant Agency of the Czech Republic
(525/08/1590).
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Introduction

Many nitro derivatives of aromatic hydrocarbons
belong to the group of environmental pollutants, proved or
suspected carcinogens and/or mutagens'. The test com-
pounds, 2-nitrophenol (2-NP) and 4-nitrophenol (4-NP),
are named in the List of Priority Pollutants of the U.S.A.
Environmental Protection Agency (EPA). They spread to
the environment from anthropogenic sources, mainly from
chemical industry and agriculture, but also from combus-
tion process, and contaminate particularly water and air.
Their high impact is caused by their toxicity and persis-
tence®*. Therefore, there is an ever increasing demand for
very sensitive methods for their determination. One of the
possible ways how to increase the sensitivity is the pre-
concentration of the analyte prior the proper determina-
tion. An interesting possibility is offered by the adsorptive
properties of clay minerals.

Clay minerals used as modifiers are usually phyl-
losilicates, structures that belong to the class of layered
hydrous aluminosilicates. In general, they consist of planar
sheets of tetrahedral silicates and octahedral aluminates.
The sheets alternate regularly or two silicate sheets sur-
round one aluminate, forming a layer. In between the lay-
ers, ions are often accumulated to compensate the charge
of the layers. Due to their presence, clays might act as an
ionic exchanger and it can intercalate water or other
molecules™®.

In this work, we tested two clays of different proper-
ties. Montmorillonite is one of the extensively used modi-
fiers. It represents the group of smectites, expansible clays
with sandwich-layer structure. Its popularity is caused by
its advantageous properties, such as high chemical and
mechanical stability, high cationic exchange capacity, and
high conductance™’. Sepiolite, another commonly used
clay, might be named as a representative of fibrous clays.
In this case, chain-like structure of the layers is the reason
for high porosity and surface area, which account for its
adsorptive properties’.
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There are several ways of modification of the elec-
trode. Stratal composition of the clays and the interlayer
binding enables the surface modification of solid elec-
trodes by a process based on a clay suspension application
and drying. Spin coating might also be employed. Such
a treatment results in a coordinated layer, with character
depending on the conditions of the process®. Another pos-
sibility, which was used in our work, is to admix the clay
as a modificator in the carbon paste electrode. This ap-
proach brings the advantage in the simple renewal of the
electrode surface. Careful preparation of the electrode is
necessary, including wetting in an atmosphere saturated
with water vapor at room temperature and thorough mix-
ing’.

Using clay-modified electrodes, inorganic ions are the

most frequent analytes. However, the electrochemical be-
havior of organic compounds on clay modified electrodes
has been reported, including phenol derivatives'® 2. The
modification improved the electrode response and en-
hanced the signal to noise ratio. Application of the modi-
fied electrodes for the nitrophenol determination in flow
analysis is also described"**.

This study deals with possible advantages and appli-
cation of montmorillonite-modified and sepiolite-modified
carbon paste electrodes for the voltammetric determination
of 2-NP and 4-NP with and without accumulation of the
analytes.

Experimental
Apparatus

Differential pulse voltammetry (DPV) and adsorptive
stripping voltammetry (AdSV) measurements were carried
out using Eco-Tribo-Polarograph, controlled by software
Polar Pro 5.1 (both PolaroSensors, Prague, Czech Repub-
lic). Three-electrode arrangement was used with platinum
auxiliary electrode and Ag/AgCl (3 M KCI) reference
electrode RAE 113 (Monokrystaly Turnov, Czech Repub-
lic), to which all the potential values are referred.

Working carbon paste electrode (CPE) was prepared
by mixing 250 mg of glassy carbon microparticles (Alfa
Aesar, Germany) and 100 pL of mineral oil (Fluka). For
obtaining montmorillonite-modified paste electrode
(MMT-CPE) and sepiolite-modified paste electrode (SEP-
CPE), 10% (w/w) of montmorillonite (Na-mont-
morillonite, SWy-2, The Clay Mineral Society, USA) or
sepiolite (Sepiolite, ~13% Mg, Aldrich) were admixed to
the paste. The paste mixtures were packed in piston-driven
holders with inner diameter of 2 mm (ref.ls).
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Reagents

The stock solutions (¢ = 1-10° mol L™") of 2-nitro-
phenol (2-NP, Aldrich) and 4-nitrophenol (4-NP, Aldrich)
were prepared by dissolving the exact amount of each
substance in deionized water (Millipore). They were kept
at a laboratory temperature. Britton-Robinson (B-R) buff-
ers served as supporting electrolyte for DPV. All chemi-
cals used for buffer preparation were of analytical grade
purity and obtained from Lachema Brno, Czech Republic.
Deionized water (Millipore) was used throughout.

Procedures

Measured solutions were prepared by exact dilution
of stock solutions by B-R buffers. Differential pulse volt-
ammograms were measured using the following parame-
ters: scan rate 20 mV s™', pulse amplitude 50 mV and
pulse duration 100 ms. Adsorptive stripping voltammetry
was based on an open-circuit accumulation step and DPV
scan. Solution of the analyte was stirred during the accu-
mulation. Electrode surface was renewed for each DPV
measurement by wiping with filtration paper.

Calibration dependences were evaluated by least
squares linear regression method. The detection limits
were calculated as the concentration of an analyte which
gave a signal three times the standard deviation of the low-
est evaluable concentration.

Results and discussion

The structure of nitrophenols enables to use both oxi-
dation and reduction for their electrochemical determina-
tion. Nevertheless, operating in anodic region is preferable
when working with carbon paste electrodes, because it
eliminates the necessity to remove the oxygen from the
measuring system including the electrode material itself '.

Table 1
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Fig. 1. Depencence of peak current on pH of the supporting
electrolyte; M 2-NP, unmodified electrode; A 2-NP, MMT-
CPE; e 2-NP, SEP-CPE; 0 4-NP, unmodified electrode ; A 4-NP,
MMT-CPE; o 4-NP, SEP-CPE. DPV, supporting electrolyte B-R
buffer, analyte concentration 1-10° mol L™, scan rate 20 mV s,
pulse amplitude 50 mV and pulse duration 100 ms

For that reason, the measurements were performed using
anodic mode only.

As a first step, differential pulse voltammograms in
dependence on pH were measured to optimize the con-
ditions of analysis and to compare the behaviour of the
2-nitrophenol and 4-nitrophenol at the used electrode. The
test analytes give one oxidative peak within pH range from
2 to 8. In more alkaline media, the baseline noise increases
and the peak height decreases rapidly, making the evalua-
tion impossible. The peak potential follows the equation E,
(mV) = — 0,058 pH + 1240 and E,(mV) = - 0,066 pH +
1275 for 2-NP and 4-NP, respectively, regardless of the
electrode used.

Parameters of concentration dependences for DPV and AdSV determination of 2-NP and 4-NP using unmodified CPE,

MMT-CPE and SEP-CPE

Analyte, method  Electrode Concentration Slope Intercept Correlation Limit of detection
range [mol L™']  [mA L mol™'] [nA] coefficient [mol L™']
2-NP, DPV CPE 6.10°-1.10" 146 -56 0.9989 5.0-10°°
MMT-CPE 6.10°-1.107" 179 -23 0.9967 2.510°°
SEP-CPE 1.10°-1.10" 179 -85 0.9996 5.510°°
2-NP, AdSV CPE 2.10°%-6.10" 387 -99 0.9981 2.0-107°°
MMT-CPE 1.10°-6.10" 627 +54 0.9997 7.1-1077
SEP-CPE 1.10°-6.10" 562 94 0.9989 1.0-10°
4-NP, DPV CPE 1.10° -1-107* 137 -92 0.9983 8.2:107°
MMT-CPE 410°-1-10"* 224 -36 0.9970 2.0-10°°
SEP-CPE 8.10°—1-107* 214 ~118 0.9977 5.8:10°°
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Fig. 2. Dependence of the peak current of 2-NP and 4-NP on
the accumulation time; B 2-NP, unmodified electrode; A 2-NP,
MMT-CPE; e 2-NP, SEP-CPE; o 4-NP, unmodified electrode;
A 4-NP, MMT-CPE; o 4-NP, SEP-CPE. AdSV, supporting elec-
trolyte B-R buffer pH 2, scan rate 20 mV s™', pulse amplitude
50 mV and pulse duration 100 ms

The optimum pH value for the determination is 2,
where the peaks are highest and best developed. The peak
height increase is apparent in the case of both modified
electrodes. Particularly in the case of 4-NP, the peak
height increased for over 50 % in comparison with un-
modified electrode (Fig. 1). In this case, the growth cannot
be ascribed to the accumulation of the analyte on the
working electrode, because electrode was not in contact
with the analyte for sufficient time period. We can assume

3,0 3 25
1(pA) 1 1A
25 20
2,0
1,5
15
1,0
1,0
05k 05
0,0 ‘ ‘ 00
0.8 1,0 1,2 14
E(V) E(V)

Fig. 3. Voltammograms of the lowest detectable concentrati-
ons of 2-NP (A) (AdSV, MMT-CPE, concentration
1; 2; 4; 6; 8; 10 and 20 umol L") and 4-NP (B) (DPV, MMT-
CPE, concentration 4; 6; 8; 10 and 20 pmol L’l), dotted line
corresponding to blank. Supporting electrolyte B-R buffer pH 2,
scan rate 20 mV s™', pulse amplitude 50 mV, pulse duration 100 ms
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that the response rise is caused by the improved interaction
of the analyte with the electrode.

Further measurements investigated the possibility of
the nitrophenols preconcentration during the open-circuit
accumulation step. The most important parameter of this
method is the time of accumulation. It was found, that the
saturation of the electrode surface occurs after five min-
utes (Fig. 2). Therefore, this value was selected for the
following measurements. However, 2-NP and 4-NP ex-
hibit very diverse behavior with respect to the adsorption
on the electrode. While the peak height of 2-NP multi-
plied, the peak height of 4-NP remained almost constant
during accumulation. This difference suggests the possibil-
ity of selective determination of both analytes.

In order to find the limits of detection and compare
the electrodes from the sensitivity point of view, calibra-
tion dependences were measured in the concentration
range from 1:10™ mol L™ to the detection limit (Tab. I).
All the DPV dependences are linear within the whole stud-
ied range, AdSV dependences are linear up to the concen-
tration of 6:107 mol L™". The obtained values of the detec-
tion limit mirror the enhanced peak heights of the clay-
modified electrodes; the highest values are reached on
unmodified electrode, while modification or accumulation
reduce them and the best results are obtained on the modi-
fied electrode after accumulation. The electrode modified
with montmorillonite shows more favorable results than
that modifed with sepiolite. Voltammograms obtained by
the most sensitive methods for both analytes are shown in
Fig. 3.

Conclusion

The voltammetric behavior of 2-nitrophenol and 4-nitro-
phenol using clay-modified carbon paste electrodes was
explored, with montmorillonite and sepiolite as modifiers.
The response of the electrode to both analytes is increased
after the modification when employing differential pulse
voltammetry. Accumulation of the analyte occurred only
for 2-NP, offering further increase of the sensitivity. The
lowest detection limit was obtained for 2-NP using AdSV
on MMT-CPE with LOD 7.1:10” mol L™, while for 4-NP
the detection limit was 2.0-10°mol L™ using DPV on
MMT-CPE.

Financial support of the Czech Ministry of Educa-
tion, Youth and Sports (projects No. MSM 0021620857,
RP14/63 and LC06035) and of Grant Agency of Charles
University (project SVV 261204) is gratefully acknow-
ledged.
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Introduction

In present the commonly used methods for sample
pretreatment are liquid-liquid extraction (LLE) and solid-
phase extraction (SPE). Recently, the attention is paid to
molecularly imprinted polymers (MIPs) due to their out-
standing advantages, such as predetermined recognition
ability, stability, simplicity of preparation, low cost and
potential application to a wide range of target molecules'.
MIPs have been developed in many fields, such as chro-
matography, catalyst, drug delivery, artificial antibody,
and sensing devices®. MIP particles were used as the sta-
tionary phase of liquid chromatography systems, and the
main goal was to improve the separation efficiency, for the
enantiomers especially”.

MIPs are synthetic polymers with highly specific
recognition ability for target molecules. In the most com-
mon preparation process, monomers form a complex with
a template through covalent or non-convalent interactions
then they are joined by using a cross-linking agent*. By the
use of the molecular imprinting technique, highly enantio-
selective and substrate-selective polymers were prepared
by utilizing non-covalent interactions between the tem-
plate molecule and methacrylic acid monomers at lower
temperature. Previous results showed that imprinted poly-
mers could distinguish between enantiomers of the im-
printing molecule and even discriminate within a wide
range of enantiomers of structurally related molecules that
have not been imprinted, but they have the same interac-
tion sites with functional monomers’.

The most widely used technique for preparing MIPs
is non-covalent imprinting. In this process, the complex of
template and functional monomer is formed in situ by non-
covalent interactions, such as hydrogen bonding, electro-
static forces, van der Waals forces, or hydrophobic interac-
tions. Moreover, the rebinding of template molecules with
MIPs is also carried out by the same non-covalent interac-
tions. There are several advantages of this technique in-
cluding easy preparation of the template/monomer com-
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plex, easy removal of the templates from the polymers,
fast binding of templates to MIPs, and its potential appli-
cation to a wide palette of target molecules. However, to
maximize the formation of the labile complex of template
and monomer, the conditions of polymerization must be
carefully chosen to minimize non-specific binding sites.

Another technique for preparing MIPs is covalent
imprinting. The complex is formed by covalent-linkage of
a functional monomer and template prior to polymeriza-
tion. After the removal of the template by chemical reac-
tion, the MIPs contain rebind template molecules via the
same covalent interactions. The main advantages of this
technique are that the monomer/template complexes are
stable and stoichiometric, and that a wide variety of po-
lymerization conditions can be employed. Unfortunately,
the troublesome and less economical synthesis of mono-
mer/template complexes, and the slow release and binding
of templates limit its application.

The third technique is the hybridization of covalent
and non-covalent imprinting, also called semi-covalent
imprinting. In this process, the polymers are prepared like
in the same way as in the case of covalent imprinting, but
the guest binding employs non-covalent interactions. Thus,
semi-covalent imprinting combines the main advantages of
the above two techniques’.

Polymer synthesis

The corresponding functional monomer (acrylamid
1.8 mmol), ethylene glycol dimethacrylate (EGDMA,
9 mmol) as a cross linker, methanol, NIP-1, or acetonitrile,
NIP-2, as a porogen (3 ml) and azobis(isobutyronitrile)
(AIBN, 20 mg) as an iniciator were mixed together and the
polymerization of MIPs and NIPs was allowed to proceed
in a water bath at 60 °C for 24 h. In the next, prepared
polymer was passed through a 0.08 mesh sieve, the small-
est particles were remove by flotation in acetone, filtered
and washed with acetone and dried under vacuum (60 °C,
1 h). The Soxhlet extraction (24 h, 100 ml MeOH) was
used in order to purify MIPs from the template, and then
methanol solvent was removed by rotary evaporator at 60 °C
for 1h again. Because the keeping of the same conditions
of polymerization, the identical steps in the preparation of
control polymers (NIPs) were used’.

Two other MIPs were prepared in the same way,
but only difference was that into basic mixture were added 2-
methoxy-1-(pyrrolidin-1-ylmethyl)ethyl—(2-buthoxyphenyl)-
carbamate and 3-pyrrolidin-1-ylpropyl-(2-pethoxyphenyl)-
carbamate as templates (0.3 mmol) for MIP-1and MIP-2,
respectively.
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Evaluation of polymers

Selectivity of prepared polymers was tested. Two
columns of MIPs and NIPs were filled. Capacities of suit-
able templates were measured: in methanol, acetonitrile,
methanol/water (50/50, v/v), acetonitrile/water (50/50,
v/v) and water on HPLC system. Tested anesthetics
were:  1-propoxy-3-(pyrrolidin-1-yl)propan-2-yl-(2-buto-
xyphenyl)-carbamate (2-BPC), 1-ethoxy-3-(piperidin-1-yl)
propan-2-yl-(3-hexyloxyphenyl)-carbamate (3-HPC),
1-ethoxy-3-(piperidin-1-yl)propan-2-yl-(3-butoxyphenyl)-
carbamate (3-BPC), 2-methoxy-1-(pyrrolidin-1-ylmethyl)
ethyl-(2-buthoxyphenyl)-carbamate (2-BPC’) and
3-(pyrrolidin-1-yl)propyl-(2-pentoxyphenyl)-carbamate
(2PPC). The flow rate of 0.1 ml/min was used and the
diode-array detector (DAD) worked in range 190-400 nm.
The chromatograms were acquired at wavelength of 254
and 280 nm.

Results

It was estimated that the kind of porogen influenced
the imprinted polymer capacity. Two porogens were stud-
ied — methanol and acetonitrile. This indicates the shape of
template molecules depending on solvents — association
complexes could be formed. The selectivity of imprinted
polymers under study depends on the molecular structure
of template and also the selectivity for similar compounds
was investigated.

s568

Posters

The highest values of binding capacities of NIP-1
were for 3-HPC (1.49 pg/100 mg in water as a solvent),
for 2-BPC (1.69 pg/100 mg in ACN/H,0, 50/50 (v/v) as
a solvent) and of MIP-2 for 2-PPC, template, (3.50 pg/100
mg in MeOH/H,0, 50/50% (v/v) as a solvent). In the case
of NIP-1 the higher capacity obtained for 2-BPC and 2-
PPC in comparison with MIP-1 indicates that the steric
hindrances have not significant role in sorption process.

This work was supported by the VEGA grants No.
1/0058/08 and No. 1/4291/07 and the APVV project No.
20/035205.
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Uvod

5-Nitrobenzimidazol (5-NBIA) je genotoxicka latka
patiici mezi nitrované heterocyklické slouceniny a vznika-
jici mimo jiné pii spalovani fosilnich paliv'. 5-NBIA byl
v minulosti uzivan a polarograficky stanovovan jako sou-
Cast roztoku ustalovace pro barevné fotograﬁez. 5-NBIA je
prokéazany karcinogen a mutagen’.

Cilem této prace bylo ovéfit, jak ovliviiuji povrchove
aktivni latky elektroanalytickou odezvu 5-NBIA na pevné
lesténé stfibrné amalgamové elektrodé¢ (p-AgSAE) a me-
niskem modifikované pevné lesténé stiibrné amalgamové
elektrodé¢ (m-AgSAE).Tyto elektrody jsou na rozdil od
grafickych stanovenich, prakticky netoxické a odpovidaji
konceptu tzv. zelené analytické chemie.

Povrchové aktivni latky jsou bipolarni chemické
struktury, které se déli zhlediska iontového charakteru
hydrofilni skupiny na ionogenni a neionogenni. Dle ionto-
vého charakteru molekul, ktery se projevi az po rozpusténi
latek ve vodé, se ionogenni povrchové aktivni latky dale
déli na anionaktivni, kationaktivni a amfolitické. Anionak-
tivni maji ve vodném prostiedi zaporny naboj, kationaktiv-
ni kladny naboj a u amfolitickych naboj zavisi na pH pfi-
slusného vodného prostfedi. Neionogenni povrchové ak-
tivni latky nemaji v molekule naboj a jejich rozpustnost ve
vod¢ je dana pfitomnosti hydrofilnich skupin.

Dobra rozpustnost, vysoka konduktivita, stalost,
nizka toxicita a dobra elektroanalyticka stabilita ¢ini tyto
latky vyhodnou variantou pro mnoho aplikaci. V analytic-
ké chemii pfitomnost povrchové aktivnich latek ovliviiuje
méfené parametry, coz mnohdy vede k vypracovani no-
vych postupti a metod stanoveni. Tradi¢ni aplikaci povr-
chove aktivnich latek v elektrochemii je potlacovani ma-
xim na polarografickych kiivkach®. Solubilizagnich schop-
nosti miceldrnich prostfedi se s vyhodou vyuZziva také pfi
polarografickych studiich ve vodé nerozpustnych organic-
kych slou€enin. Povrchové aktivni latky mohou také ménit
tvar polarografické viny a reverzibilitu elektrodové reakce
¢i ovliviiovat hodnoty pilvlnovych potencialli, limitnich
difuznich proudd, difuznich koeficienti nebo koeficienti
pfenosu naboje. Druh a velikost zmén zdvisi na struktuie
a koncentraci pouzité povrchové aktivni latky. Pfi vhodné
volbé mtize dochazet ke zvyseni limitniho difuzniho prou-
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Obr. 3. Strukturni vzorec sodium dodecyl sulfatu

du, v nékterych pripadech vsak i k jeho poklesu.

Pro tuto praci byly zvoleny tfi povrchové aktivni
latky, kationaktivni cetyl trimethyl amonium bromid
(CTMAB) (obr. 1), neionogenni triton X-100 (obr. 2)
a anionaktivni sodium dodecil sulfat (SDS) (obr. 3).

Tyto povrchové aktivni latky by posléze mohly byt
pouzity jako modifikatory pro rtizné pastové elektrody’
a elektroanalytické senzory® .

Experimentalni ¢ast
Reagencie

Studovana  latka:  zdsobni  roztok  5-nitro-
benzimidazolu (Cistota 98%, Sigma-Aldrich, Praha, CR,
CAS Name: 5-NBIA, CAS Register number: 94-52-0)
o koncentraci 1:10™ mol I"" byl pfipraven rozpu§ténim
0,0226 g latky ve 100 ml deionizované vody za pomoci
ultrazvuku. Roztoky o nizsi koncentraci byly pfipravovany
pfesnym fedénim zdsobniho roztoku. Standardni roztok
byl uchovavan ve tmé v lednici.

Dalsi pouzité chemikalie: Triton X-100 (Cistota p.a.,
Lach-Ner, CR), cetyltrimethylamonium bromid (&istota
p-a., >97%, Merk-Schuchardt, Miinchen, D), sodium do-
decyl sulfat (istota p.a., Lach-Ner, CR),, kyselina borita
(Cistota p.a., Lachema, Brno), kyselina orthofosforecna



Chem. Listy 104, s569—s572 (2010) ACP 2010 — Sucasny stav a perspektivy analytickej chémie v praxi

(Cistota p.a., 85%, Lach-Ner, CR), octova kyselina (istota
p-a., 99,8%, Lach-Ner,CR), hydroxid sodny (Cistota p.a.,
Lach-Ner, CR), deionizovana voda (Milli-Q plus systém,
Millipore, USA) Brittontiv-Robinsontv pufr (dale BR-
pufr) o pH 2—12 byl pfipraven obvyklym zpisobem, tj.
smisenim kyselé slozky obsahujici kyselinu boritou, octo-
vou a fosfore¢nou o koncentraci 0,04 mol 1! a zasadité
slozky obsahujici 0,2 mol I"' NaOH.

Aparatura

Voltametrickd méfeni byla provadéna pomoci Eco-
Tribo Polarografu PC-ETP (Polaro-Sensors, Praha) se
softwarem Polar Pro verze 2. Bylo pracovano v tfielektro-
dovém zapojeni, kde byla jako referentni pouzita ar-
gentchloridova elektroda (3 mol ' Kqy, Monokrystaly,
Turnov, CR) a jako pomocna elektroda platinovy plisek
(Monokrystaly, Turnov, CR). Jako pracovni elektrody byly
pouzity pevna lesténa stiibrna amalgamova elektroda (p-
AgSAE) a meniskem modifikovana pevna lesténa stiibrna
amalgamova elektroda (m-AgSAE). Dale byl pouzit digi-
talni pH-metr Jenway 4330 (Jenway, Velka Britanie)
s kombinovanou sklenénou elektrodou a ultrazvukova
lazenn PSO 200A Ultrasonic Compact Cleaner.

Pracovni postup

Byla pouzita diferenéni pulzni voltametrie (DPV)
s nasledujicimi parametry: polarizacni rychlost 20 mV/s,
pulzy o $ifce 100 ms, modulacni amplituda —50 mV. Na
zacatku méteni byla elektroda nejprve vyleSténa na alumi-
né o velikosti ¢astic 1,1 pm. Tak vznikla p-AgSAE, ktera
se dala dale modifikovat ponofenim na 15 s do rtuti, aby se
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vytvoril meniskus (m-AgSAE). Pfed méfenim byly elek-
trody elektrochemicky aktivovany v michaném roztoku
0,2 mol 1" KCI pfi potencialu —2200 mV po dobu 300 s.
Pfed kazdym méfenim byl povrchu elektrody regenero-
van a to pfepinanim potencialu vzdy po 0,1 s mezi 0 mV
a—1200 mV pro p-AgSAE a —100 mV a —-900 mV pro m-
AgSAE po dobu 30 s. Regenerace vzdy koncila pfi nega-
tivnéj$im potenciadlu. Po ukon¢eni méfeni byla pracovni
elektroda uchovavana v deionizované vode¢.

Kyslik byl z roztoku odstraiovan pétiminutovym
probublanim dusiku. Méfeni byla provadéna pti laborator-
ni teploté. Vyska piku pfi DPV byla vyhodnocovana jako
spojnice minim pied a za pikem. Mez detekce (LOQ) byla
pocitana pomoci trojnasobku smérodatné odchylky stano-
veni odpovidajici nejniz§imu bodu proméfené koncentrac-
ni zavislosti.

Vysledky a diskuse

Nejprve byl sledovan vliv pH na chovani 5-NBIA
v prostiedi BR-pufru. Pro obé¢ elektrody bylo zvoleno jako
optimalni pro dalsi méteni pH 8, pti némz je na DP volta-
mogramu pozorovatelny jen jeden nejvyssi, dobfe vyvinu-
ty pik 5-NBIA.

Dale bylo tieba zjistit, jestli ma na vySku piku 5-
NBIA vliv ptidavek povrchové aktivnich latek (obr. 4 a 5).
U obou elektrod mizeme pozorovat pokles signalu pii
pridavku SDS a Tritonu X-100. Tento pokles neni vyrazny
a s ménici se koncentraci povrchové aktivni latky se prilis
neméni. Odlisné se chova CTMAB. Na m-AgSAE mize-
me pozorovat vzrist signdlu 5-NBIA pfi nejnizSich kon-
centracich a pak jeho nasledného pokles pfi vyssich kon-
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Obr. 4. Zavislost vy§ky DPV piku 5-NBIA (c=1-10"° mol I'') na m-AgSAE v BR-pufru o pH 8 na koncentraci povrchové aktivni

latky
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Obr. 5. Zavislost vy§ky DPV piku 5-NBIA (c=1-10" mol I'') na p-AgSAE v BR-pufru o pH 8 na koncentraci povrchové aktivni
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Obr. 6. Kalibraéni kiivky 5-NBIA ((2-10)-10~° mol I'") v pii-
tomnosti CTMAB (1-10™* mol I'") (¢erné) a v nepfitomnosti
CTMAB (¢ervené) na p-AgSAE v prostfedi BR-pufru o pH 8;
modre je kiivka zakladniho elektrolytu

centracich.. Na m-AgSAE tento vzrlst neni pfili§ vyrazny
a nelze ho prakticky vyuzit. Pfi méfeni na p-AgSAE je
vSak narGst signalu pfi rtiznych koncentracich 5-NBIA
vice jak dvojnasobny a proto 1ze CTMAB pouzit ke zvyse-
ni citlivosti stanoveni. Jako optimalni byla vybrana kon-
centrace CTMAB 1-107* mol I"". V okoli této koncentrace
se s pfidavkem CTMAB vyska piku méni jen zanedbatelné
a dale nevzrusta.

Dale byly proméfeny kalibracni zavislosti 5S-NBIA
vrozmezi ¢ = 11107 — 2:107 mol 1™ a to s ptidavkem
CTMAB o ¢ = 1-10™* mol I"" a bez ptidavku povrchové
aktivni latky (obr. 6, 7, 8). Na téchto obrazcich mizeme
vidét, ze nejméné dvojnasobna vyska piku (méfeni
s pfidavkem CTMAB oproti méfeni bez piidavku) je za-
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Obr. 7. Kalibraéni kiivky 5-NBIA ((2-10)-10° mol I'") v pii-
tomnosti CTMAB (1:10™ molI'") (¢erné) a nepiitomnosti
CTMAB (¢ervené) na p-AgSAE v prostfedi BR-pufru o pH 8;
modre je kiivka zakladniho elektrolytu

chovéna po celou koncentracni oblast. Parametry kalibrac-
nich ptimek jsou uvedeny v tabulce I. Hodnoty korelaéni-
ho koeficientu ukazuji vysokou linearitu v celém koncent-
racnim rozsahu. Z tabulky I také vyplyva sniZeni meze
detekce a vySsi smérnice kalibracnich zavislosti 5-NBIA
v pfitomnosti CTMAB.

Zavér

Na zéklad¢ provedené¢ho vyzkumu elektrochemické-
ho chovani roztokii 5-NBIA  ve vodném prostiedi
s ptidavkem povrchové aktivnich latek a bez nich na p-
AgSAE a m-AgSAE metodou diferencni pulzni voltamet-
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Parametry kalibra¢nich pfimek pro stanoveni 5-NBIA metodou DPV na p-AgSAE ovlivnéné piidavkem CTMAB

v prostfedi BR-pufru o pH 8

Elektroda ¢ s.pia [mol 1] C CTMAB Smérnice Usek [nA] R Lo
[mol 1] [nA mol "] [mol 1]
p-AgSAE (2-10)-107° 1-107* ~7,87-10° -280,5 0,9992 -
0 -2,60-10° 132,6 0,9971 -
(2-10)-107° 1-10™ —7,91-10° 22,6 0,9964 -
0 -2,09-10° 3,1 0,9981 -
(2-10)-1077 1-107* -1,62:10° 2,9 0,9953 2,5:1077
0 —4,18-107 5,9 0,9969 4,3-107
Ao o0 mol I"! jsou linearni v celém rozsahu. DosaZend mez de-
lin&) b 0A) 1 | tekce 5-NBIA je 2,510 molI"' v pfitomnosti CTMAB
ng :/ a 4,3-10 " mol I"' v jeho nepfitomnosti.
e o letle—e—] Z provedené studie plyne, Ze za stanovenych podmi-
0020408 o nek piidavkem CTMAB k 5-NBIA na p-AgSAE sniZime
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Obr. 8. Kalibraéni kiivky 5-NBIA ((2-10)-10~ mol I'") v pii-
tomnosti CTMAB (1:10™ molI'") (¢erné) a nepiitomnosti
CTMAB (¢ervené) na p-AgSAE v prostiedi BR-pufru o pH 8;
modre je kiivka zakladniho elektrolytu

rie bylo zjisténo, Ze optimalni pH BR- pufru pro DPV
stanoveni studované latky na p-AgSAE a m-AgSAE bylo
pH 8 pro vSechna méfeni.

Ptidavek povrchové aktivnich latek na méfeni na p-
AgSAE a m-AgSAE nema vyznamny vliv, s vyjimkou
CTMAB na p-AgSAE, kde se po pfidavku latky zvysi
signal nejméné dvakrat v celém koncentra¢nim rozsahu.

Koncentra¢ni zavislosti 5-NBIA v pfitomnosti i ne-
piitomnosti CTMAB proméiené v rozmezi ¢=1-10"*~ 2-107
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mez detekce oproti méfeni bez CTMAB pfi zachovéni
dostate¢né presnosti.

Tato prace byla financné podporovana Minister-
stvem  Skolstvi, mladeze a télovychovy (projekty
MSM0021620857, LC 0603 a RPI14/63) a Grantovou
agenturou Univerzity Karlovy (projekt SVV 261204).
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V ZIVOTNOM PROSTREDI A PRACOVNOM OVZDUSI VYBRANEHO ZAVODU

V MESTE NITRA

JARMILA DUBAJOVA™,

ZUZANA KLOSLOVA®,

ALZBETA HEGEDUSOVAY, ZUZANA
VASSANYI’a EVA KRCMOVAP

“ Regiondalny urad verejného zdravotnictva so sidlom
v Nitre, Stefinikova 58, 949 63 Nitra, " Regiondlny vrad
verejného zdravotnictva so sidlom v Banskej Bystrici, Ces-
ta k nemocnici, Banska Bystrica, ° Katedra ekolégie
a environmentalistiky, Fakulta prirodnych vied Univerzity
Konstantina Filozofa, Tr. A . Hlinku 1. 949 74 Nitra,
! Katedra chémie, Fakulta prirodnych vied Univerzity
Konstantina Filozofa, Tr. A . Hlinku 1, 949 74 Nitra, Slo-
venskd republika

nr.olc@ruvzsr.sk

1. Uvod

Masivnost’ produkcie polycyklickych aromatickych
uhlovodikov (PAU), ich vlastnosti a predovsetkym preu-
kéazatel'ny negativny vplyv niektorych PAU na zivy orga-
nizmus st zdrojom rozsiahlej pozornosti, ktora je proble-
matike PAU v Zivotnom a pracovnom prostredi venovana
zo strany ekonomicky a spolocensky vyspelych Stitov.
TaktieZ v podmienkach Slovenskej republiky, pre ktoru je
typickéd vysoka koncentracia zdrojov emisii PAU, predsta-
vuju tieto latky z hl'adiska ochrany l'udského zdravia mi-
moriadne  aktualny problém'. V dosledku toho su
PAU sledované v pitnych, povrchovych a podzemnych
vodach, v polnohospodarskej pode, vo volnom
a pracovnom ovzdusi, potravinach i odpadoch.

Pri hodnoteni ich vyskytu v prostredi sa najcastejsie
hovori o 16 zakladnych polyaromatickych uhl'ovodikoch,
ktoré Environmental Protection Agency (EPA) zaradila do
zoznamu 130 najzavaznejSich kontaminantov zivotného
prostredia2’3. St to: naftalén, acenaftylén, acenaftén, fluo-
rén, fenantrén, antracén, fluorantén, pyrén, benzo(a)
antracén, chryzén, benzo(b)fluorantén, benzo(k)fluorantén,
benzo(a)pyrén, dibenzo(a,h)antracén, benzo(g,h,i)perylén,
indeno-pyrén.

Profesionalnej expozicii PAU v pracovnom prostredi
su vystaveni najmé pracovnici pri vyrobe grafitového uhli-
ka a grafitovych elektrdd, pri vyrobe a kladeni asfaltov,
pri vyrobe hlinika a liatiny, v autoservisoch pri oprave
a manipulacii s dieselovymi motormi. Dalej st to komina-
ri, hasici, kuri€i, robotnici v udiariiach, pri ropnych cister-
néch, pri mie$ani gumarenskych zmesi, atd’.*”. Z niekol’ko
stoviek doposial’ opisanych PAU je najviac prestudovany
benzo(a)pyrén, ktory je klasifikovany ako pravdepodobny
chemicky karcinogén. Jeho karcinogenita pre ¢loveka bola
preukdzana vo viacerych epidemiologickych stadiach,
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predovsetkym u o0sdb profesiondlne exponovanych. Riziko
vzniku rakoviny u Tudi celozivotne exponovanych tejto
latke o koncentracii 1 ng m™, resp. 1 pg m™ je odhadova-
né na 9-107° resp. 9:107%, ¢o znamena vyvoj nadorového
ochorenia u 9 ludi zo 100000 resp. zo 100
exponovanych’.

Cielovymi organmi s predovSetkym pl'ica a koza.
Zvyseny vyskyt karcindmov pltic a prostaty u robotnikov
v koksovniach, u zlievacov hlinika a u pokryvacov striech
sa dava do suvislosti prave s expoziciou sadziam. Popri
malignych ochoreniach mézu vznikat’ aj iné¢ formy posko-
denia zdravia, ako su kontaktné dermatitidy, kozné eryté-
my, & astmatické ochorenia’*®.

Sucasne platna narodna legislativa udava technic-
ki smernii hodnotu (TSH) 2 pgm™ pre benzo(a)
pyrén’. Americky narodny institat pre bezpe&nost
a zdravie v pracovnom prostredi (NIOSH) odporucil
limit REL-TWA 100 pg m™ pre sumu PAU v produktoch
dechtu v pracovnom ovzdusi pre 40hodinovy pracovny
tyzden. Europska agentlira pre bezpecnost’ a ochranu zdra-
via pri praci (OSHA) stanovila limit 200 pg m™ pre sumu
PAU v pracovnom ovzdusi'®.

V podmienkach SR vsak absentuje systematicka ana-
lyza expozicie PAU. Udaje o koncentraciach PAU v pra-
covnom ovzdusi priemyselne a dopravne zatazenych lo-
kalit SR st limitované. Zaroven taziskom vac¢Siny uz vy-
konanych stadii bolo stanovenie koncentracii PAU v zloz-
kach zivotného a pracovného prostredia bez posudenia
celkovej zataze l'udi exponovanych PAU a moznych dopa-
dov na verejné zdravie. Skodlivé Gcinky zneéisteného
ovzdusia na l'udské zdravie boli potvrdené vo viacerych
epidemiologickych Stidiach spojenych s expoziciou mest-
skému ovzdugiu''2.

Nebezpecenstvo karcinogénnych PAU spo¢iva najméi
v ich bezprahovom ucinku. Preto je potrebné ich sledova-
nie nielen v ovzdusi, ale aj formou biologického monito-
rovania u subpopulacii exponovanych jednak profesional-
ne ako aj v dosledku environmentalnej expozicie zneciste-
nému ovzdusiu. Stucasne vedecké poznatky indikuju, Ze
prave monitorovanie relevantnych ~ biomarkerov
v biologickom materiali Tudi exponovanych PAU,
v porovnani s monitorovanim prostredia, ddva kompletne;j-
$iu informaciu pre posudenie expozicie PAU, pretoze od-
raza celkovu z&taz organizmu.

Navrhovany biologicky limit 1-hydroxypyrénu
vmoéi je 3,8ugg’ kreatininu alebo 1,95 pumol mol™
kreatininu'*'*,

Podla Smernice Rady 2004/107/ES (cit."”) a podra
Vyhlasky MZP SR ¢&. 351 z 12. jula 2007, ktorou sa meni
a doplia vyhlaska MZP SR & 705/2002 Z. z. o kvalite
ovzdusia, sa stanovuje pre ro¢nl priemerni koncentraciu
benzo(a)pyrénu cielovy imisny limit 1 ng m, s terminom
ucinnosti od 1.1.2013.
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2. Ciele prace

Vzhl'adom na potrebu doplnit vedecké poznanie
v tejto oblasti, hlavnym cielom prace bolo zhodnotenie
aktualnej profesionalnej expozicie PAU z hl'adiska verej-
ného zdravia.

Specifické ciele boli sledovanie PAU (16 podla US
EPA) v pracovnom ovzdu$i zdvodu v meste Nitra a vo
vonkajSom ovzdusi mesta Nitra na odberovych lokalitach
umiestnenych v blizkosti  frekventovanych  ciest
i v relativne ,,Cistej zone*.

Pretoze nebezpecenstvo karcinogénnych PAU spoci-
va v ich bezprahovom ucinku, je potrebné ich sledovanie
nielen vovzdusi, ale aj v ich metabolitoch for-
mou biologickych expozi¢nych testov u exponovanych
i neexponovanych pracovnikov.

3. Material a metédy
3.1. Stanovenie PAU

V ovzdusi sa PAU vyskytuju v dvoch formach a to
sorbované na prachovych casticiach i v plynnej forme ako
pary. Sorbované PAU obsahuju zlozky s vy$Sou molekulo-
vou hmotnost'ou, v plynnej faze sa nachadzaju najmé zloz-
ky s 2 az 3 aromatickymi jadrami. Komplexnd analyza
PAU v ovzdusi vyzaduje odber, izolaciu a detekciu zloziek
oboch frakcii.

Odber: V ovzdusi boli realizované 2 druhy odberov:
stacionarne a persondlne. V oboch pripadoch bol pouzity
kombinovany odber so sériovym zapojenim hlavice
s PTFE filtrom a odberovou trubi¢kou naplnenou sorben-
tom amberlit XAD-2. Odber ovzduSia bol vykonany
v stlade s prislusnym Standardnym pracovnym postupom,
ktory bol vypracovany na zéklade medzindrodnych
noriem'*™'%,

Izol4cia PAU z filtra a XAD-2 trubicky: PTFE filter
(resp. sorbent trubicky) bol extrahovany s 5,0 ml acetonit-
rilu po dobu 45 min v ultrazvukovom kuipeli. Extrakt bol
filtrovany cez PTFE mikrofilter (0,45 pm) a davkovany do
HPLC systému.

Podmienky HPLC analyzy PAU vo vzorkach pracovného
a vol'ného ovzdusia:

Pristroj: Agilent 1100 s detektorom DAD a FLD,

Koléna: Vydac PAH (250 x 4,6 mm, 5 um) s predkolénou
RP C18 (5§ pm),

Teplota kolony: 35 °C,

Mobilna faza: acetonitril-voda, programovany gradient,
Prietok: mobilnej fazy 1,5 ml min™'.

Detekcia: fluorescencna so Specifickym nastavenim excita-
cie a emisie pre jednotlivé kongenéry PAU, pre acenafty-
1én detekcia UV pri 230 nm.

Valida¢né charakteristiky metody pre benzo(a)pyrén:
Medza detekcie: 0,01 pg m™

Medza stanovenia: 0,04 pug m™

Rozsirena Standardnd kombinovand neistota: 35 % (k=2)
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3.2. Odber vzoriek biologického materialu

Stcasne s odberom ovzdusia boli odoberané vzorky
moca osob profesiondlne exponovanych PAU ako aj kon-
trolnej skupiny. Vzorky boli odobraté po ukonceni pat
dniového pracovného tyzdia, resp. po pracovnej zme-
ne. Vzorky sa skladovali v plastovych flasiach pri
teplote —18 °C.

Po skonceni odberu odberové hlavice zabalené do
alobalu a vzorky mocov boli v autochladni¢ke dopravené
na analyzu do laboratorii RUVZ Banska Bystrica. Vzorky
vzdusia a moce sa do doby analyzy uchovavali
v mraznicke pri teplote —18°C. Pouzité metddy stanovenia
boli podrobené validacii, pricom sa stanovili nasledovné
vybrané valida¢né charakteristiky metody:
zhodnost’ — v podmienkach opakovatel'nosti,
kalibra¢na krivka a linearita,
medza detekcie a medza stanovitel'nosti,
$tandardna kombinovana neistota'”.

3.3. Stanovenie 1-hydroxypyrénu v moci

Pyrén sa v organizme metabolizuje prevazne na 1-
hydroxypyrén, ktory sa vylucuje mo¢om vo forme konju-
gatov. Konjugaty 1-OHP sa pred extrakciou rusia enzyma-
tickou hydrolyzou (Helix pomatia, 37 °C, 16—24 h). Potom
sa mo¢ extrahuje na kolonke SPE C18 metanolom. Extrakt
sa zakoncentrovava odparenim na rotacnej vakuovej od-
parke (RVO).

Odparok rozpusteny v metanole sa aplikuje na HPLC
kolénu s reverznou fazou C18 a eluuje za podmienok izo-
kratickej elucie v zmesi acetonitril-voda. 1-OHP sa dete-
kuje fluorescenénym detektorom.

Podmienky HPLC analyzy 1-OHP:

Pristroj: Agilent 1100 s detektorom DAD a FLD,

Koléna: Purospher RP-18e (125 x 4 mm, 5 um),

Teplota kolony: 35 °C,

Mobilna faza: acetonitril-voda (60:40),

Prietok: 1 ml min™",

Detekcia: fluorescenéna, excitacia 240 nm a emisia 388
nm,

Validacné charakteristiky metddy:

Medza stanovenia: 0,06 pg I"! motu,

Vytaznost: 82,1 %,

Opakovatelnost: 5,4 %,

Reprodukovatelnost’: 8,3 %.

Pri kazdej sérii vzoriek bol na vnutrolaboratornu kontrolu
kvality pouzity referencny material ClinCheck I all od
firmy Recipe, Nemecko.

4. Vysledky
4.1. Sledovanie PAU v pracovnom ovzdusi

PAU ako skupina latok s nebezpecnymi t¢inkami na
zdravie ¢loveka boli sledované v rokoch 2007 a 2008 na
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Tabulka I
Koncentracia kongenérov PAU v dychacej zoéne pracovnikov
Skodlivina Koncentricia kongenérov PAU
[ng m™]
1 2 3 4 5 6 7 8
Naftalén 209,1 111,6 2347 207,5 468,2 793,1 1441,5 975.,8
koronen ND 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Acenaftén ND 25,4 235,4 0,9 0,0 0,7 848,1 19473
Fluorén 88,8 0,0 81,2 73,5 208,3 893,2 2,9 1003,0
Fenantrén 2,6 11,9 125,2 114,6 0,0 1017,8 0,0 616,0
Antracén 6,9 0,0 3,7 4,6 0,0 62,3 13,4 101,3
Fluorantén 3.9 0,7 0,0 3.3 7,8 19,2 41,8 46,3
Pyrén 30,6 33 34,7 30,6 51,7 206,0 128,3 598.,3
Benzo/a/antracén 29,6 2,4 21,9 27,0 37,2 101,1 72,5 252,9
Chryzén 9,0 0,5 7,8 7,9 12,0 14,1 34,9 55,1
Benzo/b/fluorantén 2,6 0,0 3,2 1,4 5,9 14,0 10,1 37,0
Benzo/k/fluorantén 0,7 0,0 0,4 0,3 0,8 1,6 1,0 3,0
Benzo/a/pyrén 0,5 0,0 0,4 0,2 1,0 2,1 0,7 4,2
Indeno/123-cd/pyren ND 0,0 0,4 0,2 1,1 0,0 0,7 0,0
Dibenzo/ah/antracén ND 0,0 0,0 0,0 0,0 0,0 0,3 0,3
Benzo/ghi/perylen ND 0,0 1,3 0,0 0,0 1,5 2,0 0,0
Suma PAU 384,3 155,8 750,1 471,9 793,9 3126,8 2598,2 5640,6
Tabul’ka I1
Hodnoty koncentracie 1-hydroxypyrénu v moci exponovanych pracovnikov
Metabolit Koncentracia 1-hydroxypyrénu v moci
[ug g" kreatininu]
1 2 3 4 5 6 7 8
1-Hydroxypyrén 0,99 0,87 0,48 0,5 1,46 0,64 0,45 0,33

pracovisku, vyznacujlicom sa s vyznamnymi emisiami
vyplyvajicimi z pracovnej Cinnosti. Posudzovanie vplyvu
tychto latok na l'udské zdravie je népliou pracovnej Cin-
nosti RUVZ so sidlom vNitre a RUVZ so sidlom
v Banskej Bystrici, ktorych zariadeniami boli odobrané
anamerané aj vysledky tejto prace. PAU vznikajuce pri
vyrobe asfaltovej zmesi a asfaltérskych pracach v a pri
kladeni cestného asfaltu boli v dychacej zone exponova-
nych pracovnikov odoberané formou osobnych odberov.
Odber ovzdusia v dychacej zoéne pracovnikov sa realizoval
formou kombinovaného odberu so sériovym zapojenim
hlavice s filtrom a nasledne odberovou trubickou Vzorky
sa analyzovali metdédou HPLC. Do vySetrovaného suboru
bolo zaradenych 8 zamestnancov, ztoho 3 zamestnanci
boli priamo pri vyrobe asfaltovej zmesi a 5 pracovnici
kobercovej Caty vykonavali kladenie cestného asfaltu.
Vysledky merani uvadza tab. 1.
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Pri vyrobe asfaltovej zmesi a pri kladeni asfaltovych
kobercov v dychacej zdéne exponovanych pracovnikov
koncentracie sumy PAU sa pohybovali v relativne Sirokom
intervale 0,2-5,6 pugm ™. Sudasne sodberom vzoriek
ovzdusia bol pracovnikom po piatom dni expozicie PAU
odobrany moc¢. Hodnoty 1-hydroxypyrénu v moci tychto
exponovanych pracovnikov boli stanovené v rozsahu 0,5
az 1,5 ng g ' kreatininu. Vysledky analyz uvadza tab. II.

Na zéklade stanovenych vysledkov je moZné konSta-
tovat’, Ze navrhované limity pre sumu PAU a ani pre benzo
(a)pyrén pre pracovné ovzduSie vzavode na vyrobu
a kladenie asfaltov neboli prekrocené. Podobne tomu aj
v pripade 1-hydroxypyrénu koncentracie stanovené
v moc¢i exponovanych pracovnikov neprekracovali navrho-
vany limit.

Z nameranych hodnét vyplyva, ze zvySené hodnoty
1-hydroxypyrénu v moci exponovanych pracovnikov preu-
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kazatel'ne suvisia so zvySenymi koncentraciami PAU zis-
tenymi v pracovnom prostredi. RieSenim na zniZenie tych-
to koncentracii su technické opatrenia na jednotlivych
prevadzkach a znizenie produkcie, pouzivanie osobnych
ochrannych pomocok, Castd vymena pracovnych odevov,
zvySena hygiena. Vel'mi dodleZité je obmedzenie faj¢enia
a periodické lekarske prehliadky zamerané na ddokladné
vySetrenie koze, o¢i a hornych dychacich ciest.

4.2. Sledovanie PAU vo voI'nom ovzdusi

Merania polycyklickych aromatickych uhlovodikov
vo vol'nom ovzdusi mesta Nitra boli realizované na Sty-
roch odberovych lokalitach v ¢asovych obdobiach septem-
ber 2006, februar 2007, marec 2007, maj 2007, oktober
2007 a oktdber 2008.

Odberové miesta v centre mesta na Stefanikovej ulici
a na Damborského ulici bolo vybraté vzhl'adom na nad-
merné dopravné zataZenie.

Odberové miesto na Misionarskej ulici bolo vybraté
vzhl'adom na blizkost’ spalovne zdravotnickeho odpadu
patriacej fakultnej nemocnici a pritomnost’ individualnych
kotolni na hnedé uhlie, pripadne doméace kureniska.

Odberové miesto v blizkosti garazi vo dvore RUVZ
so sidlom v Nitre bolo vybraté vzhl'adom na pritomnost’
vyfukovych plynov zo sluzobnych a siikromnych aut.

Tabulka III
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Porovnanie celkovych koncentracii PAU stanovenych
na vSetkych odberovych miestach po€as monitorovacieho
obdobia je znazornené v tab. Il az VI.

ZvySeny obsah PAU bol namerany v lokalite mi-
mo centra mesta Nitry vo vykurovacom obdobi. Mimo
vykurovacieho obdobia si hodnoty PAU nizke aich
zdrojom je hlavne doprava.

Najvyssie koncentracie PAU vo vol'nom ovzdusi boli
namerané v zimnych mesiacoch. Je to dosledok toho, ze
okrem dopravy a inych, v priebehu roka nemennych zdro-
jov PAU, k tvorbe PAU v ovzdusi prispieva aj vykurova-
nie budov. Vysoka koncentracia PAU v zimnom obdobi
suvisi aj s poveternostnymi podmienkami a teplotou vzdu-
sposobuje zvySenit koncentraciu prchavych zlicenin
v nizsich vrstvach atmosféry. Vo vSeobecnosti mozno
usudit’, ze v obdobi so zvysenou dennou teplotou ovzdusia
koncentracia PAU bola nizsia, v obdobi poklesu teplot ich
koncentracia vzrastla.

Z hladiska hodnotenia toxikologicky najvyznamne;j-
Sicho predstavitel'a skupiny PAU — benzo(a)pyrénu, jeho
hodnota v centre mesta (na Stefanikovej ulici) bola
0,10 ng m™ az 0,69 ng m™. Na Misionarskej ulici (mimo
centra mesta) koncentracia benzo(a)pyrénu sa pohybovala
v intervale od 0,10 ng m~>do 0,20 ng m>.

Sucasne s odberom vzoriek ovzdusia boli odobraté
a analyzované vzorky biologického materidlu kontrolnej

Koncentracia jednotlivych kongenérov PAU i celkovej sumy PAU vonkajsieho ovzdusia na odberovom mieste na Misio-

narskej ulici

Skodlivina Koncentracia kongenérov PAU
[ng m™]
1X.06 11.2007 111.2007 V.2007 X.2007 X.2008

Naftalén 77,2 3422 1397,4 80,0 50,7 39,1
Acenaftylén ND ND ND ND ND ND
Acenaftén ND 71,1 132,2 ND 40,4 50,2
Fluorén ND ND ND ND 4.8 1,7
Fenantrén 47,8 47,8 89,7 15,9 10,8 42,7
Antracén ND 0,6 1,2 ND ND ND
Fluorantén ND 4.1 0,7 3,5 1,0 0,3
Pyrén ND 5,0 7.4 1,5 0,4 0,1
Benzo/a/antracén 4.4 6,6 11,9 17,0 1,5 0,1
Chryzén 1,0 2,1 4,8 1,9 0,3 0,1
Benzo/b/fluorantén ND 0,4 0,2 ND 0,2 0,2
Benzo/k/fluorantén ND 0,2 0,2 ND 0,1 0,1
Benzo/a/pyrén ND 0,2 0,3 ND 0,1 0,1
Indeno/123-cd/pyren ND 0,2 0,2 ND 0,1 0,2
Dibenzo/ah/antracén ND 0,1 ND ND ND ND
Benzo/ghi/perylen ND 0,2 0,3 ND 0,1 0,1
Suma PAU 130,3 480,7 164,7 119,8 110,6 134,9
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Tabulka IV
Koncentrécia jednotlivych kongenérov PAU i celkovej sumy PAU vonkajSieho ovzdusia na odberovom mieste na Dambor-
ského ulici

Skodlivina Koncentracia kongenérov PAU
[ng m ]
1X.06 11.07 111.07 V.07 X.2007 X.2008

Naftalén 63,5 157,4 123,1 29,8 36,0 53,5
Acenaftylén 0,0 0,0 0,0 0,0 0,0 0,0
Acenaftén 7,2 114,6 3,5 31,7 0,0 17,1
Fluorén 0,0 2,8 2,6 2,5 0,0 0,0
Fenantrén 12,3 8,8 12,8 5,4 43 15,5
Antracén 0,0 0,2 0,0 0,0 0,1 0,0
Fluorantén 0,7 1,6 0,4 0,9 0,5 0,5
Pyrén 0,8 1,0 0,1 0,4 0,2 2,3
Benzo/a/antracén 14,0 2,4 1,9 1,7 1,7 2,7
Chryzén 2,1 0,3 0,6 0,4 0,3 1,5
Benzo/b/fluorantén 0,2 0,4 0,2 0,3 0,3 0,0
Benzo/k/fluorantén 0,9 0,2 0,1 0,1 0,1 0,0
Benzo/a/pyrén 0,2 0,3 0,1 0,2 0,2 0,0
Indeno/123-cd/pyren 0,1 0,2 0,1 0,0 0,4 0,0
Dibenzo/ah/antracén 0,0 0,1 0,0 0,0 0,0 0,0
Benzo/ghi/perylen 0,2 0,2 0,1 0,1 0,3 0,0
Suma PAU 102,0 290,6 145,6 73,4 44,4 93,2
Tabulka V

Koncentracia jednotlivych kongenérov PAU i celkovej sumy PAU vonkajSieho ovzdusia na odberovom mieste vo dvore
RUVZ so sidlom v Nitre

Skodlivina Koncentracia kongenérov PAU
[ng m"]
IX.06 11.07 11.07 V.07 X.2007 X.2008

Naftalén 115,1 35,5 38,4 24,9 30,2 25,0
Acenaftylén 0,0 0,0 0,0 0,0 0,0 0,0
Acenaftén 12,1 92,6 72,1 2,0 3,7 10,5
Fluorén 0,0 0,0 3,7 0,0 0,0 0,0
Fenantrén 18,4 2,7 11,4 6,5 42 8,5
Antracén 0,0 0,1 0,0 0,0 0,0 0,0
Fluorantén 0,8 0,4 2,7 0,3 0,5 0,4
Pyrén 1,3 0,3 1,1 0,1 0,1 1,6
Benzo/a/antracén 17,0 0,1 2,8 0,8 1,2 2,2
Chryzén 2,5 0,1 1,1 0,5 0,1 1,0
Benzo/b/fluorantén 0,0 0,2 0,3 0,0 0,1 0,0
Benzo/k/fluorantén 0,0 0,1 0,1 0,0 0,0 0,0
Benzo/a/pyrén 0,0 0,2 0,1 0,0 0,0 0,0
Indeno/123-cd/pyren 0,0 0,2 0,0 0,0 0,1 0,0
Dibenzo/ah/antracén 0,0 0,1 0,0 0,0 0,0 0,0
Benzo/ghi/perylen 0,0 0,2 0,0 0,0 0,1 0,0
Suma PAU 167,3 132,7 133,7 35,2 40,2 49,2
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Koncentrécia jednotlivych kongenérov PAU i celkovej sumy PAU vonkajsieho ovzdusia na odberovom mieste na Steféni-

kovej ulici

Skodlivina Koncentracia kongenérov PAU
[ng m~]
1X.06 11.2007 111.2007 V.2007 X.2007 X.2008

Naftalén 80,3 170,5 116,7 86,3 50,4 46,3
Acenaftylén 0,0 0,0 0,0 0,0 0,0 0,0
Acenaftén 6,8 0,0 63,1 0,0 0,0 0,0
Fluorén 4,1 0,0 4,7 7,1 2,2 3,1
Fenantrén 5,5 4.8 9,6 7,5 6,3 5,5
Antracén 0,0 0,0 1,8 0,0 0,0 0,0
Fluorantén 1,7 0,2 2,7 1,7 0,8 1,7
Pyrén 1,9 0,1 2,3 1,9 0,2 1,9
Benzo/a/antracén 1,3 3,4 1,1 1,3 1,0 1,4
Chryzén 0,3 0,4 0,8 0,5 0,2 0,5
Benzo/b/fluorantén 0,5 0,1 0,8 0,5 0,2 0,5
Benzo/k/fluorantén 0,3 0,0 0,4 0,3 0,1 0,3
Benzo/a/pyrén 0,1 0,1 0,7 0,6 0,1 0,6
Indeno/123-cd/pyren 0,4 0,1 0,7 0,4 0,1 0,4
Dibenzo/ah/antracén 0,1 0,0 0,1 0,1 0,0 0,1
Benzo/ghi/perylen 0,1 0,1 0,7 0,2 0,2 0,2
Suma PAU 103,5 179,7 206,1 108,5 61,7 62,6

skupiny neexponovanych pracovnikov PAU. Do vySetro-
vaného suboru v ¢asovom horizonte oktoéber 2006 az okto-
ber 2008 bolo zahrnutych 43 respondentov, u ktorych hod-
noty 1-hydroxypyrénu v mo¢i boli stanovené v rozsahu
0,06-0,37 pg g’1 kreatininu.

Na zaklade uvedenych skutoc¢nosti je mozné konsta-
tovat’, ze koncentracie benzo(a)pyrénu zistené vo vol'nom
ovzdus$i mesta Nitra st na urovni inych miest bez vyz-
namnych zdrojov PAU akymi st vyroba a kladenie
asfaltu®®. Zdrojom benzo(a)pyrénu v meste si okrem auto-
mobilovej dopravy i viaceré kotolne na pevné palivo, ktoré
dosial’ neboli plynofikované resp. elektrifikované a doma-
ce kureniska.

Tieto vysledky umoziuji poznat aktualny stav zne-
Cistenia ovzdusia PAU za r6znych poveternostnych pod-
mienok a odhadnut’ expoziciu obyvatel'stva mesta Nitra
tymto latkam z ovzdusia, pripadne odhadnut’ karcinogénne
riziko vyplyvajuce z pritomnosti uvedenych zlucenin
v ovzdusi.

5. Zaver
Vysledky tejto prace budi pouzité pri realizacii zdra-

votno-hygienickych a preventivnych opatreni v pracov-
nom prostredi zdvodu s profesionalnou expoziciou PAU.
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Ziskané udaje z pracovného prostredia su podkladom pri
vykone statneho zdravotného dozoru z dovodu vyhlasova-
nia rizikovych prac z titulu chemickej karcinogenity. Sta-
novenie PAU v pracovnom ovzdusi a su¢asné monitorova-
nie 1-hydroxypyrénu v moci profesiondlne exponovanej
populacie PAU vyraznou mierou prispeju k urovni hodno-
tenia rizika poSkodenia zdravia a umoZznia v¢asné vyrade-
nie 0s6b exponovanych tymito latkami, ¢im sa predide
vzniku potencidlnych nadorovych ochoreni suvisiacich
s touto expoziciou.

Nase aktivity realizujeme s dérazom na zniZovanie
zat'azenia  zivotného  prostredia PAU.  Opatrenia
k zlepSeniu kvality vol'ného ovzdusia mesta Nitra by mali
byt zamerané predovsetkym na tieto oblasti:
znizenie mnoZzstva vypustanych emisii zo zdrojov,
znizenie dopravného zatazenia mesta Nitra,
rieSenie problematiky malych spal'ovacich zdrojov.
Ked’ze vacsina emisii pochadza z domacnosti, kde na
vykurovanie pouZzivaji uhlie, je potrebné zabezpecit
,,ekologicky* spdsob vykurovania domacnosti (plyn, solar-
ne vykurovanie, zakupenie nizkoemisnych kotlov).

Sledovanie kontaminacie zivotného prostredia zaro-
veil moze sluzit’ ako vstupné udaje do procesu hodnotenia
zdravotnych rizik vyplyvajucich zinhalacnej expozicie
populacie.
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Based on the measured data of PAHs it can be con-
cluded that the concentration of benzo(a)pyrene found in
ambient air of Nitra are comparable to other places in Slo-
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several car transport and solid fuel boilers, home furnaces
and factory to the asphalt production. These results allow
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carcinogenic risk arising from the presence of those com-
pounds in the air.
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1. Introduction

Polyphenols are one of the most important natural
antioxidants in many foods such as fruits, vegetables and
beverages, to which they contribute to flavor, color, and
sensory properties such as bitterness and astringency.
Their presence in alcoholic beverages such as beer arises
from the use of barley and hops in the brewing process.
The majority of polyphenols of beer are derived from malt
(70-80 %), whereas about 20-30 % are derived from
hops. Phenolic constituents of beer represent a large struc-
tural variety and belong to the classes of simple phenols,
benzoic- and cinnamic acid derivatives, coumarins, cate-
chins, di-, tri- and oligomeric proanthocyanidins,
(prenylated) chalcones and flavonoids'=.

Rapid analytical methods are necessary for the qual-
ity control department of beer producers to evaluate poly-
phenols that may adversely affect beer flavor and stability,
what is of practical interest. There is an attention for using
high performance liquid chromatography (HPLC) method
which has been developed and applied to the analysis of
polyphenols in beer’.

Several researchers have studied polyphenols in
worts and beer by using high performance liquid chroma-
tography (HPLC) coupled with ultraviolet (UV), photodi-
ode-array, fluorometric, electrochemical (EC) or mass
spectrometric (MS) detection'™®. However, the number of
reports on the composition of and the analytical proce-
dures for determining polyphenols in beer are limited. The
aim of this review is to provide a summary of HPLC meth-
ods with different detection systems used for the analysis
of polyphenols in beer.

2. HPLC of polyphenols

Considering the importance of polyphenols in ascrib-
ing flavour and quality to beer, monitoring of these com-
pounds during brewing is necessary. The analytical meth-
ods most commonly used for qualitative and quantitative
purposes are those based on modern chromatographic
separation techniques. In the last twenty years, HPLC has
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been the analytical technique that has dominated the sepa-
ration and characterization of polyphenols. HPLC tech-
niques offer a unique chance to separate simultaneously all
analyzed components together with their possible deriva-
tives or degradation products. In many cases, they enable
the determination of low concentrations of analytes in the
presence of many other interfering and coeluting compo-
nents. There are many advantages dictating the widespread
use of HPLC in the analysis of polyphenols in plant-
derived and biological matrices, such as (i) the wide range
of commercially available columns, including those using
new generation sorbents with fit-for-purpose properties
and (i) the possibility of combining two or more columns
in a switching mode. A variety of HPLC methods are
available for the determination of the individual polyphe-
nols contributing to the antioxidant activity of beer. Suc-
cessful separation of the individual polyphenols is requires
appropriate selection of columns, mobile phases and opti-
mization of the operation conditions.

2.1. Chromatographic conditions

The introduction of reversed-phase (RP) columns has
considerably enhanced HPLC separation of different
classes of polyphenols. Columns for the determination of
polyphenols are almost exclusively composed of a re-
versed-phase RP C,g stationary phases ranging from 100 to
300 mm in length with an internal diameter ranging from
3.9 to 4.6 mm. The reversed-phase columns (RP C18) are
widely used both with isocratic and gradient elution.

Elution systems are usually binary, an aqueous acidi-
fied polar solvent such as aqueous acetic, formic, perchlo-
ric or phosphoric acid (solvent A) and a less polar organic
solvent such as methanol or acetonitrile, possible acidified
(solvent B). Both isocratic and gradient elution are applied
for analysis of polyphenols.

Flow rates range from 0.15 to 1.8 ml min™', the most
common being 1 mlmin~'. Thermostatically controlled
columns are normally held at ambient or slightly above
ambient temperatures. Injections generally range from 1 to
100 pl.

2.2. HPLC detection

Many different detection methods are available in
HPLC analysis. Phenolics are commonly detected using
ultraviolet/visible (UV/VIS), photodiode array (PDA), and
UV-fluorescence detectors. Other methods used for the
detection of phenolics include electrochemical coulometric
array detection, on-line connected PDA and electroarray
detection, chemical reaction detection techniques, mass
spectrometric and NMR detection*’.
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3. Summary of HPLC methodologies used
for the analysis of polyphenols in beer

Many researchers have reported a wide range of
polyphenols in beer by different HPLC methods. The sepa-
ration of polyphenols in beer was performed commonly by
reversed-phase high performance liquid chromatography
(HPLC) followed by ultraviolet detection (UV) described
by Hayes et al.'’, photodiode-array detection (PDA) de-
scribed by a number of authors (Sanchez et al.'!, Es-Safi et
al.'”, Montanari et al.”), fluorimetric detection described
by Dvorakova and Dostalek'!, electrochemical detection
(ECD) described by Skerikova et al.'® or mass spectromet-
ric detection (MS) described by Whittle and Eldridge'®.

3.1. HPLC/UV/PDA detection analysis of beer

Polyphenols absorb in the UV region and the most
commonly used detector for HPLC is a variable-
wavelength UV or UV-vis detector. The different sub-
classes of polyphenols show characteristic UV-vis spectra
that can be used for primary classification. Hayes et al.'’,
using HPLC with UV detection, determined the polyphe-
nols commonly found in Irish-brewed beers: as benzoic
acid derivatives, protocatechuic and gallic acids as cin-
namic acid derivatives, caffeic acid, p-coumaric and fer-
ulic, finally (+)-catechin, (—)-epicatechin. Problems caused
by differences in the wavelengths for maximum UV ab-
sorption by individual polyphenols can be dealt with using
diode array detection (DAD).

HPLC with UV-DAD detection is the method of
choice since it is equally suited to the quantitative meas-
urement of polyphenols and requires minimal sample pre-
paration®. Solid-phase extraction of beer has been applied
to polyphenols analysis followed by HPLC-UV-DAD de-
tection. Garcia et al.’” proposed an analytical method based
on solid-phase extraction and followed by HPLC with UV
detection for the determination of 10 polyphenols which
participate on beer stability and sensory properties in alco-
hol-free beers. Dvorakova et al.'* also proposed an analyti-
cal method based on solid-phase extraction and followed
by HPLC with DAD detection for the determination of
free gallic, protocatechuic, caffeic, p-coumaric, ferulic and
salicylic acids, of (+)-catechin, (—)-epicatechin, and
quercetin. These polyphenols participate in colloidal and
sensory stability of beer. Even though the UV-vis spec-
trum is a valuable analytical tool, its use is limited.

3.2. HPLC/ECD detection analysis of beer

HPLC coupled to electrochemical detection (HPLC-
ECD) has become a widely accepted and valuable tech-
nique because of its high sensitivity as well as its superior
selectivity to UV absorption for analytes that are electro-
chemically oxidizable'’. Electrochemical detection is
a particularly useful method for determination of electro-
active compounds, such as polyphenols, with better sensi-
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tivity than UV detection for HPLC applications®. Both
amperometric and coulometric detection were used for
reversed-phase HPLC, usually with an octadecyl silica
column and an aqueous-organic mobile phase with an acid
or acidic buffer additive to suppress the dissociation of
weakly acidic polyphenols. Amperometric detection was
used in isocratic HPLC of polyphenols in beer with mobile
phases containing ammonium phosphate, or acetate buffer
and citric acid in aqueous acetonitrile, or in mixed solvents
methanol-1-propanol-water. Coulometric detection usually
provides improved sensitivity and signal stability in com-
parison to amperometric detection. The Coulchem II elec-
trochemical detector with two coulometric detection cells
in series was used for the HPLC analysis of polyphenols in
beer with mobile phases containing formic acid or acetic
acid in aqueous methanol or acetonitrile as the mobile

Nardini et al.’ described a gradient HPLC system
with Coulchem II electrochemical detector for determining
the total concentrations (free or bound) of phenolic acids
in beer after alkaline hydrolysis. Vanbeneden et al.'” de-
scribed a simple and rapid isocratic RP-HPLC method
with amperometric electrochemical detection for the si-
multaneous detection and quantification of hydroxycin-
namic acids and their corresponding aroma-active volatile
phenols in wort and beer. The method is also well suited
for the analysis of bound phenolic compounds present in
wort and beer after alkaline hydrolysis as described by
Nardini et al.”. Casella et al.*' proposed HPLC coupled
with amperometric electrochemical detection at Au elec-
trode for the quantitative determination of phenolic acids
in beer. The electrochemical and amperometric behavior
of a gold electrode was investigated towards the oxidation
of several common phenolic acids in neutral phosphate
solutioans. Au electrodes show an appreciable stability and
reproducibility of the amperometric signals by using
a constant applied potential of 1.0 V vs. Ag/Ag/CI. This
method has advantage that without the use of derivatiza-
tion and/ or clean-up procedures with a good level of sen-
sitivity and recovery'®.

However, amperometric and conventional coulomet-
ric electrochemical detection are generally not compatible
with the gradient elution mode. This problem has been
solved by the development of a multi-channel CoulArray
detector with arrays of 4, 8, 12, or 16 three-electrode elec-
trochemical cells connected in series, controlled by the
software compensating for the baseline drift during gradi-
ent runs.

3.3. HPLC/ Coulometric array detection analysis
of beer

The multichannel coulometric detection system
serves as a highly sensitive tool for the characterization of
antioxidants because of their electroactivity. The cou-
lometric efficiency of each element of the array allows
a complete voltammetric resolution of analytes as a func-
tion of their oxidation potential. Some of the peaks may be
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resolved by the detector even if they coelute. Eight-
channel and twelve-channel CoulArray detectors and gra-
dient elution with increasing concentrations of methanol or
acetonitrile in aqueous mobile phases buffered with so-
dium dihydrogenphosphate and phosphoric acid were used
for the analysis of polyphenols in wort and beer'®"”.

Buffer-based HPLC is often used to maintain consis-
tent retention and selectivity. Moreover, a buffered mobile
phase resists changes in pH, providing reproducible chro-
matography. Buffer-based HPLC coupled with ECD al-
lows for the identification of many phenolic acids. Mon-
tanari et al."® determined 16 phenolic acids in beer by cou-
lometric array detection using a binary gradient of 0.1 M
phosphate buffer. Floridi et al.', using HPLC with eight
channel coulometric array detection, determined 19 free
phenolic acids in worts and beer. Chromatographic separa-
tion was achieved with an appropriate gradient of flow and
a binary solvent based on phosphate buffer, methanol, and
acetonitrile in a 45-min run. The advantage of this proce-
dure is a reproducible result obtained by direct injection of
wort and beer without sample preparation.

Achilli et al. ** used a 16-channel Coul-Array detector
for the analysis of phenolic acids in one of the beer sam-
ples using gradient elution with increasing concentrations
of methanol or acetonitrile in aqueous-organic mobile
phases with sodium dodecylsulphate, sodium phosphate,
and phosphoric or nitriloacetic acid additives. They dem-
onstrated that by combining RP-HPLC with a highly selec-
tive array electrochemical detector it is possible to deter-
mine simultaneously large number of polyphenols in
very different beverages and extracts. In a single injec-
tion (10 pl) it was possible to identify and determine
10 different molecules (phenolic acids and flavonoids) in
beer, without sample extraction, purification or concentra-
tion. Rehova et al."® developed a method for simultaneous
analysis of natural antioxidants in beer using electrochemi-
cal eight-channel CoulArray detector, which enables selec-
tive and sensitive antioxidant detection in gradient HPLC
and facilitates the identification of analytes based on the
ratios of signals recorded at different potentials applied to
the detection cells arranged in series. The separation con-
ditions were optimized for 27 polyphenols including de-
rivatives of benzoic and cinnamic acids, flavones, and
afew related glycosides identified in beer samples.
Jandera et al."” also described a gradient RP-HPLC system
with electrochemical eight-channel CoulArray detection
for the analysis of polyphenols in beverages including beer
and plant extracts. In this work, more compounds are de-
tected in comparison to previous reports. In total, 32 poly-
phenols including derivatives of benzoic and cinnamic
acids, flavones, and few related glycosides were identified
and determined in beer by using coulometric detection
with gradient elution of water, acetonitrile and ammonium
acetate. No special sample pretreatment is necessary and,
because of the compatibility of the CoulArray detector
with gradient elution, phenolic antioxidants can be deter-
mined in a single run.

HPLC in combination with electrochemical cou-
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lometric array detection has gained prominence as sensi-
tive analytical procedures for the direct detection of elec-
troactive molecules without the use of any derivatizing
procedureZI. However, these methods have a limited abil-
ity to discriminate between polyphenols and therefore
cannot be used to predict polyphenol structure. Mass
spectrometry can provide additional structural information
and solve coeluting compounds in complex mixtures.
Electrospray ionization (ESI) mass spectrometry provides
the molecular masses as a soft ionization technique after
chromatographic separation, while tandem mass spec-
trometry (MS/MS) provides extra information on the dis-
tribution of the substituents on the phenolic rings, useful
for tentative identification but only rarely providing suffi-
cient data for full structural analysis.

3.4. HPLC/MS detection analysis of beer

Mass spectrometric (MS) detectors coupled to high
performance liquid chromatography (HPLC-MS tandem)
have been commonly employed for structural characteriza-
tion of phenolics. It is only in the last few years that
HPLC/mass spectrometric techniques (HPLC/MS) have
been applied to the identification of polyphenols in beer.
Electrospray ionization mass spectrometry (ESI-MS) has
been employed for structural confirmation of phenolics in
malt, wort and beer”. Whittle et al.'® described HPLC in
combination with electrospray ionization mass spectromet-
ric detection for analysis of proanthocyanidin dimmers,
trimers, tetramers, and pentamers in beer. Callemien et
al.** optimized an extraction procedure by using the solid
phase extraction with Sephadex LH-20 resin for recover-
ing beer proanthocyanidins. The resulting extracts were
then concentrated and analyzed by HPLC-ESI-MS/MS.
The optimized method also is presented as an analytical
tool for the determination of proanthocyanidins in beer.
Callemien et al.”, using normal-phase (NP) or reversed-
phase (RP)-HPLC combined with ESI-MS/MS, directly
determined proanthocyanidins from monomers to trimers
in lager beers.

Hyphenated techniques employing coupling of
HPLC with mass spectrometry is valuable tools for identi-
fication and structure elucidation of phenolic and related
compounds in beer, hops and malt extracts. Callemien et
al. % reported a method that thiolysis followed by RP-
HPLC-ESI (-)-MS/MS for the analysis of flavanoids in
fresh lager beers. For the first time in the brewing field,
thiolysis was hyphenated to RP-HPLC-ESI (-)-MS/MS to
investigate beer flavanoids which are well known for their
involvement in haze and colour development during beer
ageing. Callemien et al.?’ described both normal-phase
(NP)- and reversed-phase (RP) HPLC in combination with
electrospray ionization tandem mass spectrometric detec-
tion for analysis of differentiate various proanthocyanidin
isomers in lager beer extracts. In a previous work, NP-
HPLC-ESI (-)-MS/MS and thioacidolysis analyses have
revealed the presence of (+)-catechin, (—)-epicatechin,
procyanidin dimmers, and prodelphinidin trimers in ace-
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tone/water (70/30, vol/vol) LH-20 extracts of lager beers.
In this study, detailed structures were determined by (RP)
HPLC-ESI (-)-MS/MS. Four dimmers were identified:
three procyanidins (B1, B3, and B4) and one prodel-
phinidin (B3). Monomers to trimers can be directly quanti-
fied by NP or RP-HPLC combined with ESI-MS/MS.
Based on the careful optimization of column type,
column packing, mobile phase composition and gradient
steepness, Ceslova et al.?® described two HPLC/MS meth-
ods that have been developed with the goal of superior
separation of relatively low polar polyphenolic compounds
found in hops and beer and highly polar polyphenolics in
beer. The first method using Purospher Star RP-8¢ column
and the gradient of aqueous acetonitrile containing 0.3 %
formic acid is optimized for the separation of low polar
polyphenolic compounds, while the second one with Zor-
bax SB-CN column is used for more polar hops and beer
components. In this work, more compounds are detected in
comparison to previous reports. In total, 49 low polar and
37 polar compounds are detected in studied samples and
their molecular weights are determined based on atmos-
pheric pressure chemical ionization (APCI) mass spectra.

4. Conclusions

This review provides a summary of HPLC methods
with different detection systems used for the analysis of
polyphenols in beer. Many different detection methods are
available in HPLC analysis. In general, ultraviolet (UV)
detectors are most popular and have been extensively used
in the detection of polyphenols. However, electrochemical
(EC), coulometric array, and mass spectrometric detectors
are being used increasingly in HPLC analysis as they ex-
hibit high sensitivity and selectivity. A similar sensitivity
can be achieved with HPLC in combination with electro-
chemical detectors although this method has a limited abil-
ity to discriminate between polyphenols and therefore
cannot be used to predict polyphenols structure. Mass
spectrometric (MS) detectors coupled to HPLC have been
commonly employed for structural characterization of
polyphenols. It is only in the last few years that HPLC/
mass spectrometric techniques (HPLC/MS) have been
applied to the identification of polyphenols in beer

This work was kindly supported of Czech Ministry of

Education, Youth and Sports (Grant No. MSM

7088352101).
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G. Chunsriimyatav, P. Valasek, V. Kuban, and
I. Hoza (Department of Biochemistry and Food Analysis,
Faculty of Technology, Tomas Bata University in Zlin,
Czech Republic): Review of the HPLC Methods Used in
the Determination of Polyphenols in Beer

Interest in high-performance liquid chromatography
(HPLC) method for beer polyphenols has risen sharply in
the past 20 years. A variety of HPLC methods are avail-
able for the determination of the individual polyphenols in
beer. Successful separation of the individual compounds
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requires appropriate selection of columns, mobile phases
and optimization of the operation conditions. Further,
many different detection methods are available in HPLC
analysis. In general, ultraviolet (UV) detectors are most
popular and have been extensively used in the detection of
polyphenols. However, electrochemical (EC), coulometric
array, and mass spectrometric detectors are being used
increasingly in HPLC analysis as they exhibit high sensi-
tivity and selectivity. The advantages and disadvantages of
each of these methods are highlighted. This review pro-
vides a summary of HPLC methods with different detec-
tion systems used for the analysis of polyphenols in beer.
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1. Introduction

Recently, a renewal interest has been focused on
beer, a common beverage rich in polyphenols with a mod-
erate antioxidant activity coupled with a low ethanol con-
tent. Mild to moderate beer consumption is associated with
potential for prevention of cardiovascular and carcino-
genesis diseases. This is attributed to the presence of beer
polyphenols'. The beer contains a complex mixture of
polyphenols, the greater part of which comes from the
malt, the remaining portion from the hops>. Many of the
existing papers in this subject area prove undoubtedly that
phenolic acids among all classes of polyphenols in food-
stuffs (including barley and beer), are the most easily ab-
sorbed from the intestinal tract. The distribution of pheno-
lic acids in foods and raw materials is wide, and the con-
centrations are considerable. For example, ferulic acid, the
main phenolic acid in barley and beer, is present in the
esterified form, but an esterase activity of bacterial organ
is present in the human gastrointestinal tract’.

Various chromatographic techniques have been used
for the determination of polyphenols, including paper
chromatography (PC), thin layer chromatography (TLC),
capillary electrophoresis (CE), nuclear magnetic resonance
spectrometry, gas chromatography (GC) and high perform-
ance liquid chromatography (HPLC) with electrochemical,
HPLC/MS, UV spectrophotometric, or fluorimetric detec-
tion. Several researchers have studied phenolic acids in
wort and beer by using HPLC coupled with ultraviolet,
diode array, coulometric array or fluorimetric detec-
tion' %193 However, the number of reports on the
composition of and the analytical procedures for determin-
ing phenolic acids in beer are limited. The aim of this re-
view is to provide a summary of the various HPLC and
sample preparation methods that have been employed to
quantify individual phenolic acids in beer.

2. Sample preparation techniques for HPL.C

Over the years many sample pre-treatment methods
have been developed to determine phenolic acids in vari-
ous sample types. There are three main types of phenolic-
containing matrices: plants, food and liquid samples such
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as biological fluids and beverages including beer, wine and
clear juice samples. Liquid samples have minimal manipu-
lation requirements. For beer, it is necessary first to re-
move the alcohol by degassing or evaporation. Beer sam-
ple is usually filtered and/ or centrifuged, after which the
sample is either directly injected onto reversed phase HPLC
column or, more often, the analytes are first isolated using
liquid-liquid extraction (LLE) or solid-phase extraction
(SPE). Some sample preparation methods of phenolic ex-
tracts include acid, alkaline or enzymatic hydrolysis to re-
move acyl and glycosyl moieties from the phenolic acids*”.

2.1. Liquid-liquid extraction (LLE)

Extraction of phenolic acids in beer is performed by
liquid-liquid extraction (LLE) with organic solvents like 7-
hexane, isooctane, ethyl acetate and acetone/water’. Nar-
dini et al.'' applied a sequence extraction procedure for
extraction of free and bound phenolic acids from beer, as
previously described by Nardini''. Ethyl acetate extraction
has frequently been used to isolate beer phenolic acids®.
For HPLC analysis, degassed beer sample was acidified
(~ pH 3) and saturated with NaCl prior to extraction with
ethyl acetate. The extraction solvent was then evaporated
and the sample taken up in the chosen chromatographic
solvents.

2.2. Solid-phase extraction (SPE)

Solid-phase extraction is a good choice to fractionate
as well as to remove unwanted components from the sam-
ple. By eluting with solvents of varying pH, larger pheno-
lics and sugars are separated from the smaller phenolic
components7. Meanwhile the solid-phase extraction (SPE)
is the common technique used for pre-concentration and
purification prior to HPLC separation of phenolic com-
pounds in wine, this extraction technique has been not
applied in beer. Thus, Garcia, et al.® successfully tested
waters 500 mg Sep-Pak C,g Plus cartridges as solid-phase
extraction minicolumns for purification and concentration
prior to HPLC separation of phenolic compounds in alco-
hol free beer. The use of 500 mg C18 SPE cartridges and
acetonitrile as elution solvent is allowed for the determina-
tion of polyphenols in beer without interferences.
Dvorakova et al.” also reported that the most convenient
SPE cartridges for the pre-concentration and elimination of
interfering substances prior to HPLC separation of pheno-
lic compounds in beer are Oasis-MAX anion-exchange
cartridge and polyamide cartridge DPA-6S.

2.3. Hydrolysis

Phenolic acids occur naturally in a wide range of
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bound forms. They usually occur in the form of esters
rather than glycosides. They may be conjugated with or-
ganic acids, sugars, amino compounds, lipids, terpenoids,
or other phenolics. Chemical and enzymatic hydrolysis is
commonly used to break these bonds. There are two main
chemical procedures to cleave the ester bond reported in
the literature, acidic and alkaline hydrolyses. Enzymatic
hydrolysis cannot be used when a wide range of conju-
gates are studied because their action is specific to certain
compounds’.

The determination of the free phenolic acids in beer
requires hydrolysis, because the phenolics are usually
found in the conjugated form and rarely in the free state.
For this reason, several hydrolytic procedures have been
described to quantify total phenolics. Most of these proce-
dures are based on alkaline hydrolysis with NaOH
(ranging from 2 to 4 M) using incubation times up to 6 h,
sometimes under nitrogen. However, the experimental
conditions commonly reported in the literature to detect
bound phenolic acids by alkaline hydrolysis result in loss
of several phenolic acids, particularly dihydroxy-
derivatives. Recently, Nardini et al.'' reported that the
addition of ascorbic acid, a strong antioxidant, and ethyl-
enediaminetetraacetic acid, a metal chelator, totally pre-
vented the loss of phenolic acids during alkaline hydroly-
sis. Following this, degassed beer was subjected to alka-
line hydrolysis with 2M NaOH containing 10mM EDTA
and 1% ascorbic acid at 30 °C for 30 min, in the presence
of 1 ng isoferulic acid as internal standard. The alkaline
extract was acidified with HCI to pH <3 and saturated
with NaCl, and then extracted three times with ethyl ace-
tate to recover free phenolics. On this basis, this procedure
has been successfully applied to determine total phenolic
acids in beer'”.

3. HPLC of phenolic acids

In the last twenty years, the analytical technique that
has dominated the separation and characterization of phe-
nolic acids is HPLC with reverse phase (RP) column tech-
nology’. A variety of HPLC methods are available for the
determination of the individual phenolic acids contributing
to the antioxidant activity of beer. Successful separation of
the individual phenolic acids requires appropriate selection
of columns, mobile phases and optimization of the opera-
tion conditions.

3.1. Chromatographic conditions

Columns for the determination of phenolic acids are
almost exclusively composed of a reversed-phase RP Cg
stationary phase with an internal diameter ranging from
2.1 to 5 mm (the most common being 4.6 mm). Column
lengths ranges from 100 to 300 mm. Reversed-phase col-
umns (RP C18) are widely used both isocratic and gradient
elution.

Elution systems are usually binary, an aqueous acidi-
fied polar solvent such as aqueous acetic, formic, perchlo-
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ric or phosphoric acid (solvent A) and a less polar organic
solvent such as methanol or acetonitrile, possible acidified
(solvent B).

Flow rates range from 0.15 to 1.8 ml min™, the most
common being 1 mlmin~'. Thermostatically controlled
columns are normally held at ambient or slightly above
ambient temperatures. Injections generally range from 1 to
100 pl>”'%,

3.2. Detection

Phenolic compounds in beer are commonly detected
using ultraviolet detection (UV) described by Hayes et
al.’, photodiode-array detection (PDA) described by a
number of authors (Sanchez et al.'* Es-Safi et al.'"> Mon-
tanari et al.'®), fluorimetric detection described by
Dvorakova and Dostalek’, electrochemical detection
(ECD) described by Skerikova et al.'” or mass spectromet-
ric detection (MS) described by Whittle and Eldridge'®.

4. Summary of HPLC methodologies used
for the analysis of phenolic acids in beer

Many researchers have reported a wide range of phe-
nolic acids in worts and beers by different HPLC methods.
Separation of phenolic acids in beer was performed com-
monly by reversed-liquid chromatography followed by
ultraviolet, photodiode array, fluorimetric or electrochemi-
cal detection.

4.1. Solid-phase extraction/HPLC-UV/DAD
methods

Solid-phase extraction of beer has been applied to
phenolic acids followed by HPLC-UV/DAD detection.
Garcia, et al.® reported that a method based on solid-phase
extraction and followed by liquid chromatographic separa-
tion with ultraviolet detection (HPLC-UV) is presented as
an analytical tool useful in quality control in the brewing
industry for the determination of phenolic acids such as
caffeic acid, p-coumaric acid, gallic acid, gentistic acid,
ferulic acid and salycilic acid. It was also successfully
tested with standard beers after removing the ethanol by
rotary evaporation. The use of 500 mg C18 SPE cartridges
and acetonitrile as elution solvent allows their determina-
tion without interferences. Dvorakova et al.’ also reported
that an analytical method based on solid-phase extraction
(SPE) and followed by HPLC separation with DAD can be
used for the determination of free gallic, protocatechuic,
caffeic, p-coumaric, ferulic and salicylic acids. The opti-
mized method also is presented as an analytical tool for the
determination of phenolic acids in beer.

4.2. Alkaline hydrolysis/HPLC methods

Nardini et al."' developed a method for determination
the total concentrations (free or bound) of phenolic acids



Chem. Listy 104, s585—s588 (2010) ACP 2010 — Sucasny stav a perspektivy analytickej chémie v praxi

in beer, which is based on alkaline hydrolysis with 2 M
NaOH containing ascorbic acid (1% w/v) and ETDA
(10 mM) and followed by HPLC separation with ECD. In
the present study they took advantage of this hydrolytic
procedure to quantitatively measure free and total (free
plus bound) phenolic acids in beer. After alkaline hydroly-
sis, which released bound phenolic acids, a remarkable
increase in the content of 4-hydroxyphenylacetic acid,
vanillic acid, caffeic acid, syringic acid, p-coumaric acid,
ferulic acid and sinnapic acid was observed in beer. Their
results show that the most of phenolic acids in beer are
present as bound forms and only small portion can be de-
tected as free compounds. Vanbeneden et al.'® described
a method for determination of hydroxycinnamic acids and
their corresponding aroma-active volatile phenols in wort
and beer, which is isocratic RP-HPLC method with am-
perometric electrochemical detection. The method is also
well suited for the analysis of bound phenolic acids present
in wort and beer after alkaline hydrolysis as described by
Nardini et al."".

4.3. HPLC/Electrochemical detection (ECD)
methods

Electrochemical detection is a particularly useful
method for determination of electroactive compounds,
such as phenolic acids, with better sensitivity than UV
detection for HPLC applications. Both amperometric and
coulometric detection were used for reversed-phase HPLC,
usually with an octadecyl silica column and an aqueous-
organic mobile phase with an acid or acidic buffer additive
to suppress the dissociation of weakly acidic phenolic acids.

Amperometric detection was used in isocratic HPLC
of phenolic acids in beer with mobile phases containing
ammonium phosphate, or acetate buffer and citric acid® in
aqueous acetonitrile, or in mixed solvents methanol-1-
-propanol-water. Coulometric detection usually provides
improved sensitivity and signal stability in comparison to
amperometric detection. The Coulchem II electrochemical
detector with two coulometric detection cells in series was
used for the HPLC analysis of phenolic acids in beer with
mobile phases containing formic acid or acetic acid in
aqueous methanol or acetonitrile as the mobile phases.

However, amperometric and conventional coulomet-
ric electrochemical detection are generally not compatible
with the gradient elution mode. This problem has been
solved by the development of a multi-channel CoulArray
detector with arrays of 4, 8, 12, or 16 three-electrode elec-
trochemical cells connected in series, controlled by the
software compensating for the baseline drift during gradi-
ent runs. The multichannel coulometric detection system
serves as a highly sensitive tool for the characterization of
antioxidants because of their electroactivity. The cou-
lometric efficiency of each element of the array allows
a complete voltammetric resolution of analytes as a func-
tion of their oxidation potential. Some of the peaks may be
resolved by the detector even if they coelute’. Eight-
channel and twelve-channel CoulArray detectors and gra-
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dient elution with increasing concentrations of methanol or
acetonitrile in aqueous mobile phases buffered with so-
dium dihydrogenphosphate and phosphoric acid were used
for the analysis of phenolic acids in wort and beer***".

Buffer-based HPLC is often used to maintain consis-
tent retention and selectivity. Moreover, a buffered mobile
phase resists changes in pH, providing reproducible chro-
matography. Buffer-based HPLC coupled with ECD al-
lows for the identification of many phenolic acids. Mon-
tanari et al.'® determined 16 phenolic acids in beer by cou-
lometric array detection using a binary gradient of 0.1 M
phosphate buffer. Floridi et al.?, using HPLC with eight
channel coulometric array detection, determined 19 free
phenolic acids in worts and beer. Chromatographic separa-
tion was achieved with an appropriate gradient of flow and
a binary solvent based on phosphate buffer, methanol, and
acetonitrile in a 45 min run. The advantage of this proce-
dure is a reproducible result obtained by direct injection of
wort and beer without sample preparation. Casella et al.”?
proposed HPLC coupled with amperometric electrochemi-
cal detection at Au electrode for the quantitative determi-
nation of phenolic acids in beer. The electrochemical and
amperometric behavior of a gold electrode was investi-
gated towards the oxidation of several common phenolic
acids in neutral phosphate solutioans. Au electrodes show
an appreciable stability and reproducibility of the am-
perometric signals by using a constant applied potential of
1.0 V vs. Ag/Ag/CI. This method has advantage that with-
out the use of derivatization and/ or clean-up procedures
with a good level of sensitivity and recovery.

Achilli et al.* used a 16-channel Coul-Array detector
for the analysis of phenolic acids in one of the beer sam-
ples using gradient elution with increasing concentrations
of methanol or acetonitrile in aqueous-organic mobile
phases with sodium dodecylsulphate, sodium phosphate,
and phosphoric or nitriloacetic acid additives. They dem-
onstrated that by combining RP-HPLC with a highly selec-
tive array electrochemical detector it is possible to deter-
mine simultaneously large number of phenolic compounds
in very different beverages and extracts. In a single injec-
tion (10 pl) it was possible to identify and determine six
phenolic acids as 4-hydroxy-phenylacetic acid, ferulic
acid, o-vanillin, syringaldehyde, syringic acid and vanillic
acid, without sample extraction, purification or concentra-
tion, in several kinds of beers. Rehova et al.’ developed
a method for simultaneous analysis of natural antioxidants
in beer using electrochemical eight-channel CoulArray
detector, which enables selective and sensitive antioxidant
detection in gradient HPLC and facilitates the identifica-
tion of analytes based on the ratios of signals recorded at
different potentials applied to the detection cells arranged
in series. In this study, they identified 12 different hydroxy
derivatives of benzoic and cinnamic acids in various beer
samples by using gradient elution with ammonium acetate,
acetonitrile and a few drops of formic acid. Jandera et al.?'
described a gradient RP-HPLC system with electrochemi-
cal eight-channel CoulArray detection for the analysis of
phenolic acids in beverages including beer and plant ex-
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tracts. 13 phenolic acids, including derivatives of benzoic
and cinnamic acids were identified and determined in beer
by using coulometric detection with gradient elution of
water, acetonitrile and ammonium acetate. No special sam-
ple pretreatment is necessary and, because of the compati-
bility of the CoulArray detector with gradient elution, phe-
nolic antioxidants can be determined in a single run.

5. Conclusions

This review provides a summary of the various
HPLC and sample preparation methods that have been
employed to quantify individual phenolic acids in beer.
First, sample pre-treatments for HPLC analysis of phenolic
acids in beer are presented. Extractions from beer and
cleavage reactions through alkaline hydrolysis are dis-
cussed in the sample pre-treatment for HPLC analysis.

A variety of HPLC methods are available for the
determination of the individual phenolic acids contributing
to the antioxidant activity of beer. Successful separation of
the individual phenolic acids requires appropriate selection
of columns, mobile phases and optimization of the opera-
tion conditions. The most often used columns are packed
with reversed-phase C;g column material. Reversed-phase
columns (RP C;g) are widely used with isocratic or gradi-
ent elution using solvents of aqueous acetic, formic or
phosphoric acids with methanol or acetonitrile as an or-
ganic modifier. Phenolic acids in beer are commonly de-
tected using ultraviolet detection, photodiode-array detec-
tion (PDA), fluorimetric detection and electrochemical
detection (ECD). Solid-phase extraction and alkaline hy-
drolysis followed by HPLC analysis are presented, as de-
scribed by a number of authors.

Some authors determined phenolic acids in beer ma-
trices by direct injection in HPLC, after filtration, since
fermentable sugars, dextrins and organic acids do not in-
terfere with their chromatographic response. HPLC cou-
pled to electrochemical detection (HPLC-ECD) has be-
come a widely accepted and valuable technique because of
its high sensitivity as well as its superior selectivity to UV
absorption for analytes that are electrochemically oxidi-
zable. The electrochemical detection technique for HPLC
determination of phenolic acids is compared with special
attention to the highly sensitive and selective coulometric
array detectors.

This work was kindly supported of Czech Ministry of

Education, Youth and Sports (Grant No. MSM
7088352101).
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G. Chunsriimyatav, P. Valasek, V. Kuban, and
I. Hoza (Department of Biochemistry and Food Analysis,
Faculty of Technology, Tomas Bata University in Zlin,
Czech Republic) HPLC Analyses Used in the Determi-
nation of Phenolic Acids in Beer: Review

This review provides a summary of the various
HPLC and sample preparation methods that have been
employed to quantify individual phenolic acids in beer.
First, sample pre-treatments for HPLC analysis of phenolic
acids in beer are discussed. A variety of HPLC methods
are available for the determination of the individual pheno-
lic acids contributing to the antioxidant activity of beer.
Successful separation of the individual phenolic acids re-
quires appropriate selection of columns, mobile phases and
optimization of the operation conditions. This review is
a compilation of the different HPLC methods and sample
preparation techniques used in the analysis of phenolic
acids in beer. The literature articles are grouped in three
groups depends on the sample preparation techniques and
detection systems.
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SIMPLE METHOD FOR THE DETERMINATION OF TOTAL PHTHALATES

IN FATTY FOOD SAMPLES

IVAN OSTROVSKY?*, RADOMIR
CABALA"®, RENATA GOROVA?,
ZUZANA VETRIKOVA?, JANKA
KUBINCOVA®, BEATA MELUCHOVA?,
JOZEF VISNOVSKY?, and WILHELM
LORENZ!

“ Chemical Institute, Faculty of Natural Sciences, Comen-
ius University, Mlynska Dolina CH-2, 8§42 15 Bratislava,
Slovak Republic, ” Faculty of Science, Department of Ana-
Iytical Chemistry, Charles University in Prague, Albertov
6, 128 43 Prague 2, Czech Republic, © Technological De-
partment Biocentre, Food Research Institute, Kostolna 5,
900 01 Modra, Slovak Republic, * Martin-Luther Univer-
sity, Halle — Wittenberg, Department of Chemistry, Insti-
tute of Analytical and Environmental Chemistry, Kurt-
Mothes-Strasse 2, 06120 Halle, Saale, Germany
gorova@jfns.uniba.sk

Phthalates (PHTs) are due to their extensive produc-
tion an ordinary part of environment and human food cha-
in. Industry uses mixtures of many PHT isomers in order
to provide a wide range of different properties for different
uses'. However, the legislative requirements are often lim-
ited to only several mostly used PHTs such as di-2-
ethylhexyl phthalate, di-n-butyl phthalate, di-n-octyl
phthalate and butylbenzyl phthalate’, what could under-
estimate the real content of PHTs if their industrial mix-
tures are applied. Risk assessments of only several PHTs
have been completed where those for diisononyl phthalate
(DINP) and diisodecyl phthalate (DIDP) show no risks to
human health or environment for any current use. Risk
assessments for other PHTs remain open as scientific data
are still being considered® and there is still a need for their
monitoring in the environment and especially in human
food chain.

GC method which would determine all or at least
several tenths of major PHTs individually would be instru-
mentally very complicated, laborious and expensive. Ma-
jority of publications deals with phthalate determination in
water’ or biological fluids®, articles about PHTs in samples
with fatty matrices”'" are less frequent, because the fat
components can interfere with phthalates.

The presented method for determination of sum of
phthalates is based on the their alkaline hydrolysis to
phthalic acid at 80 °C for 20 hours, followed by the selec-
tive extraction of lipophilic interferents from acidified
hydrolysate at pH 1 with n-hexane. Idea to convert all
PHTs to PA is not new, but published methods®'' dealt
with the determination of total phthalates in urine and they
are not applicable to samples with high fat content. Inno-
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vation in presented method is selective removal of fatty
matrix from phthalic acid. Phthalic acid is subsequently
derivatized to dimethyl phthalate (DMP) with diazome-
thane in aqueous-chloroform two-phase system and con-
tent of DMP in chloroform is determined by GC-FID. De-
termined LOD and LOQ of the method were 0.4 and
1.2 pug g" DMP, respectively. Real samples of butter,
pork, goose and duck fats, and sunflower, olive, rapeseed
and linseed oils were analyzed. The total phthalate con-
tents were found in the range from not detected level in
duck fat to 12.5 ug g in butter.

Presented method allows the determination of all
phthalate forms in one run. It could be applied as prelimi-
nary step of quality control for assessing total contamina-
tion with PHTs before a more detailed and targeted PHTs
analysis.

This work was supported by the Agency of the Minis-
try of Education of the Slovak Republic for the Structural
Funds of EU under project ITMS: 26240220007.
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PRIPRAVA VZORIEK A ANALYZA NEZNAMYCH LATOK POCAS DRUHEHO
NATO LABORATORNEHO CVICENIA S KOMBINOVANYMI VZORKAMI
(2" NATO MIXED SAMPLES LABORATORY EXERCISE)

KATARINA GROLMUSOVA
a MILAN TKAC

Staciondrne identifikacné laboratorium, VU 1042, objekt
Zemianske Kostolany, 972 46 Cerenany, Slovenska repub-
lika

grolmusovak@gmail.com, mitkac@gmail.com

1. Uvod

Napriek klesajucemu trendu chemického, biologické-
ho, radiologického a nuklearneho ohrozenia (chemical,
biological, radiological and nuclear — CBRN) organizuje
NATO laboratérne cvicenie s kombinovanymi vzorkami
(NATO mixed samples laboratory exercise). Cielom tohto
cvicenia je zistit', ktoré laboratoria st schopné analyzovat
takyto druh vzoriek. No tieZ je snaha, na zdklade vysled-
kov tohto cvicenia, vypracovat Standardnii opera¢nu pro-
cediru pre nakladanie skombinovanymi vzorkami
(obsahujucimi chemicku, biologicku, radiologicku a/alebo
nukledrnu kontaminaciu), ktora by sa neskdr zaclenila do
priruc¢ky pre vzorkovanie pre CBRN timy. Toto cvicenie
mozno povazovat za druh interlaboratérnych testov
a skumanie odbornej zdatnosti analytickych laboratorii’.

Vo vSeobecnosti zatial  neexistuje jednotny
a normalizovany postup pre pracu s kombinovanymi vzor-
kami. Ciel'om je takyto postup vytvorit’. Je potrebné mini-
malizovat’ rizika pri rozbal'ovani a otvarani vzoriek, ako aj
eliminovat’ a/alebo redukovat rizikda pred samostatnou
analyzou tak, aby nedoslo k strate analytu a kontaminacii
okolia’.

Utastnicke laboratéria mali preukdzat schopnost
pracovat’ s kombinovanou vzorkou, vyvinit’ vhodné postu-
py pre Gpravu jednotlivych vzoriek a spravne identifikovat’
kontaminanty rézneho druhu ohrozenia tak, ako to vyzadu-
je AEP-66 (NATO Handbook for Sampling and Identifica-
tion of Biological, Chemical and Radiological Agents)'.

Kazdé¢ laboratérium obdrzalo zékladné informacie
o type vzoriek, ich mnozstve, ako aj popis situacie, ktora
predchadzala odberu vzoriek (tzv. scenar). Nasledne boli
vzorky dorucené do laboratorii. ISlo o dve vzorky: textilna
vzorka oznacena ako TO8 avodna vzorka oznacena ako
WO08. Zaroven boli s nimi dodané aj ich referen¢né vzorky,
oznacené ako TB0O8 a WBOS (kde T je textil, W je water,
B je blank a 08 je kod laboratoria).

Textilna vzorka bola tvorend dvoma kruhmi uniformy
o priemere 5 cm, pricom vzorka bola odobrata z uniforiem
chorych vojakov po ukonceni misie. Textilnd referencna
vzorka bola odobrata z novej, nikdy nepouzitej uniformy.
PredbeZné informéacie poukazovali na biologickl a/alebo
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chemickt kontaminaciu. AvSak nebolo mozné jednoznac-
ne vylucit ani radiologickt kontaminaciu.

Vodnad vzorka oobjeme 150ml bola odobrata
z jazera. Vedla jazera sa nachadzala farma, mesto s 5 000
obyvate'mi a priemyselnd tovareil na vyrobu pesticidov.
Vzorka bola odobratda CBRN timom po explozii na farme
sprevadzanej naslednym zhorSenim zdravotného stavu
civilného obyvatel'stva v blizkom meste. Vodna referencna
vzorka bola odobrata z horného toku rieky pritekajicej do
jazera. Predbezné informacie poukazovali na radiologickt
a /alebo chemicku kontamin4ciu.

1.1. Preskrining

Po prijati balika boli vykonané preskriningové proce-
dary pomocou prenosnych pristrojov E-CAM a RP-2000,
na pritomnost’ chemickej aradiologickej kontaminicie.
Pristroj E-CAM vyuziva techniku i6novej mobilnej spek-
trometrie na rychlu detekciu vybranych vojenskych che-
mickych latok. Pristroj RP-2000 je ureny na meranie
davkového prikonu od trovne prirodného pozadia az do
1 Gyh™, k meraniu prikonu davkového ekvivalentu od
arovne prirodného pozadia az do 1 Svh™', k meraniu po-
vrchovej beta kontaminacie materialov az do plosnej akti-
vity 30 000 Bq cm ™2 a k vyhladavaniu zdrojov ionizujuce-
ho ziarenia. Vysledok bol negativny. Vizualna kontrola
potvrdila neporusitel'nost’ ochrannych obalov a pecati.

1.2. Textilna vzorka

Vzhl'adom na vysoku pravdepodobnost’ biologicke;j
kontamindcie sa d’alSie nakladanie a testovanie textilnych
vzoriek odlozilo do prichodu expertov biologického labo-
ratoria  z VU 7945 Roziava, ktori boli poZiadani
o spolupracu v oblasti identifikécie biologickej kontamina-
cie. Pred ich prichodom bola vykonand len neinvazivna
radiologicka skriningova procedura textilnej a jej referenc-
nej vzorky pomocou prenosného pristroja RP-2000 a ga-
ma-spektrometra, priCom bola potvrdend nepritomnost
kontaminacie a, B a y radionuklidmi.

Po prichode expertov biologického laboratdria
VU 7945 Roziava bol vykonany chemicky a biologicky
skrining textilnej vzorky a jej referencnej vzorky. Biolo-
gicky skrining sa vykonal pomocou imunochromatografic-
kej analyzy. Vysledok skriningu poukazal na pritomnost’
biologickej kontaminacie sposobenej Francisella Tularen-
sis, ktora bola nasledne potvrdena PCR (polymerase chain
reaction) analyzou textilnej vzorky.

Chemicky skrining na pritomnost’ prchavych vojen-
skych chemickych latok ainych nebezpecnych chemic-
kych latok sa vykonal pomocou prenosného pristroja E-
CAM a prenosného plynového chromatografu HAPSITE.
Chemicky skrining nepotvrdil pritomnost’ prchavych vo-
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jenskych chemickych latok (chemical warfare agents —
CWA) alebo inych nebezpecnych chemickych latok. Tento
vysledok vSak nevylucoval pritomnost’ neprchavych roz-
kladnych produktov CWA, ako aj pritomnost’ prekurzorov
CWA (latok zoznamu 1,2,3 OPCW — Organization for the
Prohibition of Chemical Weapons).

1.3. Vodna vzorka

Na vodnej vzorke a jej referencnej vzorke boli vyko-
nané skriningové procediry na pritomnost’ radiologickej
kontaminacie pomocou prenosného pristroja RP-2000,
chemickej kontaminacie pomocou prenosného pristroja E-
CAM a pritomnosti prchavych chemickych latok pomocou
prenosného plynového chromatografu HAPSITE.

Nasledne sa vykonal skrining vodnej vzorky a jej
referencnej vzorky v gama-spektrometri, ktory dokazal
pritomnost’ **°U vo vodnej vzorke. Analyza na pritomnost
biologickej kontaminacie bola negativna.

Vysledky skriningovych procedur vykonanych na
vzorkach nepotvrdili pritomnost prchavych CWA. Na
druhej strane vSak nevyvratili pritomnost’ ich prekurzorov
a rozkladnych produktov. Avsak vzh'adom na kontamina-
ciu vodnej vzorky *°U a textilnej vzorky Francisella Tula-
riensis, bolo potrebné pri Gprave vzoriek eliminovat’ alebo
redukovat’ neziadiice druhy kontaminacii tak, aby nedoslo
k strate chemickej kontaminacie pred jej analyzou
a stiCasne neboli ohrozeni pracovnici neziadicou kontami-
naciou.

Na identifikdciu CWA, ich rozkladnych produktov
a prekurzorov (podla zoznamu 1,2,3 OPCW) boli pouzité
metody plynovej (GC-MS-EI) a kvapalinovej (LC-MS-
ESI) chromatografie s hmotnostnou spektrometriou, ako aj
plynovej chromatografie s plamenovo-ionizacnym detek-
torom (GC-FID).

Posters

2. Experimentilna ¢ast’
2.1. Chemikalie, Standardy a material

Acetonitril Cistoty LC-MS, vyrobca Merck, dichlor-
metan Cistoty LC-MS, vyrobca Merck, kyselina trifluéroc-
tova (TFA), Cistoty HPLC grade, vyrobca Fischer Scienti-
fic, metanol Cistoty LC-MS, vyrobca Merck, derivatizacné
¢inidlo N,O-Bis(trimetylsilyl)trifluoracetamid — BSTFA,
Cistoty na derivatizaciu, vyrobca Merck, n-hexan, Cistoty
GC, vyrobca Merck, amoniak, Cistoty p.a., vyrobca Syn-
tchem, HCl, Cistoty p.a. vyrobca Syntchem, Na,SO, bezvo-
dy, cistoty p.a., vyrobca Syntchem, trietanolamin 95%,
Cistoty p.a., vyrobca Syntchem, kyselina propylfosforita
95%, Cistoty p.a, vyrobca Sigma-Aldrich.

Vsetky chemikalie boli ziskané komerc¢nym naku-
pom. Ultragista voda 18,2 MQ cm™" bola pripravend na
zariadeni MilliQ Synthesis firmy Millipore. Kolonky SPE
HyperSep SCX 3 ml/200 mg, vyrobca Thermo, koncové
nyléonové membranové striekackové filtre SLGN 013 NL,
velkost’ porov 0,2 pm, vyrobca Millipore, sterilné striekac-
ky Luer-lock 10 ml, vyrobca Sigma-Aldrich, fiber pre
SPME assembly polyacrylate (white, 85 pm coating needle
24 ga), vyrobca Supelco.

2.2. Uprava vzoriek

2.2.1. Vodna vzorka

Vzhladom na kontaminaciu vodnej vzorky **°U bolo
nutné pouzit’ Gpravu vzoriek, pri ktorej bude **°U odstra-
neny zo vzorky alebo cielovd chemickd kontaminécia
extrahovana zo vzorky. Na tpravu tejto vzorky bola pouzi-
ta cielend extrakcia chemickych kontaminantov na tuhej
faze (solid-phase extraction — SPE), ktora zaroven zabez-
pecila odseparovanie *°U. Vzhl'adom na skutoénost, e je

[

W08, WB08

)
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vo svete beznou praxou pouzivanie SPE kartridzov typu
SCX (strong cation exchanger) na odseparovanie rozklad-
nych produktov CWA a ich prekurzorov z réznych matric
(aminoalkoholy sa zachytia na SCX a alkyl alkylfosfonové
kyseliny prejdu cez kartridz), bol tento typ kartridZzov pou-
7ity aj v tomto pripade’™>®.

Extrakcia na tuhej faze bola vykonana nasledovnym
postupom: SCX kartridz bol kondiciovany 3 ml metanolu
a 3 ml ultracdistej vody (ponechala sa 1 cm vrstva vody).
Na kartridZ bolo potom vpravenych 10 ml vodnej vzorky.
Po elucii vzorky boli na vymyvanie pouzité 2 ml ultracitej
vody, ktoré boli zbierané spolu s eluovanou vzorkou ako
odpad. Tymto vymyvanim bolo zabezpecené odseparova-
nie **°U do odpadu, ktory bol likvidovany ako nebezpeény
odpad. KartridZ bol nasledne vysuSeny pomocou vakua do
sucha. Eltcia chemickej kontamindcie bola vykonand 2 ml
10% roztoku amoniaku v metanole a 2 ml metanolu. Eluo-
vany roztok bol rozdeleny na dve Casti. Jedna bola priamo
analyzovana pomocou LC-MS-ESI. Druha ¢ast’ bola odpa-
rend do sucha strednym pridom dusika a derivatizovana
pomocou BSTFA (250 pl acetonitrilu + 50 p BSTFA —
derivatizacia 30 min pri 60 °C). Derivatizovana vzorka
bola nésledne analyzovana pomocou GC-MS-EI a GC-FID
(obr. 1),

Tento postup bol aplikovany na vodnu referenénti
vzorku ako aj na vodnu vzorku.

2.2.2. Textilna vzorka

Vzhl'adom k pritomnosti Francisella Tulariensis
v textilnej vzorke bol nutné pouzit’ upravu, pri ktorej by sa
biologickd kontaminacia eliminovala. Vzorka bola
z bezpecnostnych dévodov tepelne inaktivovana este pred
odoslanim ucastnickym laboratdridm. Napriek tomu bola
eSte textilnd vzorka vystavena pdsobeniu UV-Ziarenia
(16 h) pomocou UV-germicidnej lampy za G¢elom inakti-
vacie.

Po vykonani inaktivicie biologickej kontaminécie
textilnej vzorky bolo rozhodnuté zaradit’ pouzitie nylono-
vych striekackovych koncovych filtrov o velkosti porov
0,2 um ihned’ po extrakcii textilie. Striekackové koncové
filtre zabezpecili filtraciu extraktu a ¢iastocné odseparova-
nie inaktivovanej Francisella Tularensis (velkost 0,2—
0,75 pm).

Na stvrtkruhu textilnej vzorky a jej referencnej vzor-
ky bola vykonand najprv organicka extrakcia dichlormeta-
nom anasledne po odstraneni zvySkov organického roz-
pustadla strednym pradom dusika aj vodna extrakcia
(obr. 2)%.

Organickd extrakcia dichlormetdnom bola vykonana
raz 3 ml anasledne 2 ml rozpustadla. Extrakt bol d’alej
vysuSeny siranom sodny bezvodym, prefiltrovany cez
nylonovy strickackovy filter a prekoncentrovany na
300 ul. Nasledne bol pridany n-hexan (1,2 ml)
a acetonitril (1,5 ml). Zmes sa dokladne zamiesala
a nechala stat’ pri —17 °C po dobu 16 h. Tymto spdsobom
sa odstranilo uhl'ovodikové pozadie, ktoré preslo do n-
hexanovej vrstvy. Acetonitrilovd vrstva sa po oddeleni
rozdelila na dve casti. Jedna Cast’ sa pouzila na priamu
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analyzu pomocou LC-MS-ESI a GC-MS-EI (vetva 01)
a druh4 sa derivatizovala BSTFA a nésledne sa analyzova-
la pomocou GC-MS-EI (vetva 02)°.

Po odstrdneni zvySkov organického rozpustadla sa
vykonala vodna extrakcia (1 x 3 ml, 1 x 2 ml) ultracistou
vodou. Nésledne sa extrakt prefiltroval cez nylénovy strie-
kackovy filter a rozdelil na dve Casti. Jedna Cast’ sa priamo
analyzovala pomocou LC-MS-ESI (vetva 03) a druhd sa
upravila na mikroextrakciu na tuhej faze (solid-phase mic-
roextraction — SPME) s derivatizdciou pomocu BSTFA
(vetva 04)°.

Na SPME bol pouzity polyakrylovy biely fiber. Pre
derivatizaciu pomocou fibra bol upraveny vodny extrakt
nasledovnym spdsobom: do 1 ml vodného extraktu sa pri-
dali 2 ul 1 M kyseliny chlorovodikovej a malé mnozstvo
chloridu sodného. Cisty fiber sa vystavil param BSTFA na
5 min, nasledne bol ponoreny do upraveného roztoku vzor-
ky. Po 15 min sa fiber vysusil v jemnom prade teplého
vzduchu a opit’ sa vystavil param BSTFA na 30 min pri
60 °C. Po ukonceni derivatizacie bol fiber vlozeny do
inletu GC-MS-EI na 2min pri 250°C (vetva 04)°
a spustend GC-MS analyza.

2.3. LC-MS analyzy

LC-MS-ESI tdaje boli namerané na pristroji Varian
1200L Quadrupol MS. Vzorka bola injektovana o objeme
20 pl. Mobilna faza bola zloZzend z roztoku A — 0,01%
roztok kyseliny trifluéroctovej v acetonitrile a roztoku B —
0,01% roztok kyseliny trifluéroctovej v ultracistej vode.
PouZivala sa gradientova eltcia: z 99 % po 30% roztoku
B od 0,01 min do 25 min a nasledne navrat na 95% rozto-
ku B od 25 do 27 min a drzanie tohto zlozenia do 40 min.
Prietok mobilnej fazy bol 200 ul min™'. Na separaciu bola
pouzita chromatograficka koléna HyPurity C18, 250 mm x
4,6 mm x 5 pm. Napitie na elektrospreji bolo 5 kV, ioni-
zacna polarita bola pozitivna, skenovaci rozsah bol 90400
m/z a sken bol vykonavany kazdych 0,5 sek, ako nebuli-
zacny plyn bol pouzity dusik o tlaku 30 psi, ako suSiaci
plyn bol pouzity dusik o tlaku 30 psi.

2.4. GC-MS analyzy

GC-MS-EI analyzy boli vykonavané na pristroji Trace
GC Polaris Q. Na separaciu bola pouzita kolona DB5 (5%
fenyl 95% polysilfenylén-siloxan) 30 m x 0,25 mm x 0,25
um. Vzorka bola injektovana o objeme 1 pl. Teplota nastreku
bola 250 °C, a bol pouzity nasledovny teplotny program: 40 °C
(2 min), 10 °C min ™', 280 °C (5 min). Ioniza&na energia bola
70 eV, meranie sa uskutocnilo v pozitivnom modde, skeno-
vanci rozsah bol 40450 m/z, Cas spustenia merania na hmot-
nostnom spektrometri bol po 8,5 min.

2.5. GC-FID analyzy

GC-FID analyzy boli vykonané na pristroji Trace
GC. Na separaciu bola pouzita kolona DBS5 (5% fenyl 95%
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Obr. 2. Schéma upravy textilnej vzorky

polysilfenylén-siloxan) 30 m x 0,25 mm x 0,25 pm. Vzor-
ka bola injektovana o objeme 1 pl. Teplota nastreku bola
250 °C, bol pouzity nasledovny teplotny program: 40 °C
(2 min), 10 °C min™', 280 °C (5 min).

3. Vysledky a diskusia

Vzorky boli analyzované v poradi referenné vzorka,
skiimana vzorka a Standard, ¢im bola dodrzana pozadova-
na retaz dokazu.

3.1. Vodna vzorka

Vodnéa referencna vzorka oznacena ako WBO08 09
a vodna vzorka oznacena ako W08 09 boli po extrakcii na
tuhej faze analyzované pomocou LC-MS-ESI a po tprave
derivatizaciou boli analyzované pomocou GC-MS-EI
a GC-FID.

Analyzou derivatizovanej vzorky pomocou GC-MS-
EI (obr. 4 a 7) a GC-FID (obr. 12) bola najdena neznama
latka oznacend ako Chemical A v derivatizovanej forme.
Analyza vodnej referencnej vzorky WBO08 09 potvrdila
nepritomnost’ neznamej latky v tejto vzorke (obr. 3, 6,
11) . Derivatizovana forma Chemical A bola identifikova-
na na zadklade retencného indexu (RI) azhody
s knizni¢nym spektrom ako trimethylsilyl — TMS trietano-
laminu (trietanolamin — rozkladny produkt dusikového
yperitu — HN3, uvedeny v zozname OPCW ako 3B17)’.
Nasledne bola jeho pritomnost’ potvrdend analyzou Stan-
dardu trietanolaminu derivatizovaného pomocou BSTFA
(obr. 5, 8, 13).

LC-MS-ESI analyzy tejto série vzoriek potvrdili pri-
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tomnost’ nezndmej latky oznacenej ako Chemical A (obr.
15) vo vodnej vzorke. Tato latka sa nenachadzala vo vod-
nej referencnej vzorke (vid’ obr. 14). Molekulova hmot-
nost’ Chemical A bola 149. MS spektrum nezname;j latky
Chemical A obsahuje jednoznaéne dominantny MH™ i6n
m/z 150 aMNa" i6n  m/z 172, ako aj izotop m/z 151
(obr. 17). Nésledne bola vykonand analyza Standardu trie-
tanolaminu — TEA (5 ppm TEA v roztoku 10% anomiaku
v metanole) (obr. 16). MS spektrum Standardu trietanola-
minu obsahuje dominantny MH" i6n m/z 150, MNa" ién
m/z 172 a izotopovy i6n m/z 151. Na zéklade zhody retenc-
nych casov (RT), kde RT Chemical A bol 19,376 min
a RT Standardu TEA bol 19,078 min, a MS spektier Che-
mical A a Standardu trietanolaminu (vid’ obr. 17, 18), bola
potvrdena pritomnost’ trietanolaminu vo vzorke vody
WOS.

Vzhl'adom na néjdenie Chemical A pomocou GC-
MS-EI a jej potvrdenim inou nezavislou metédou LC-MS-
ESI (podla poziadaviek AEP-66), ako aj jej potvrdenim
analyzou Standardu, je tato identifikacia povazovana za
nespochybnitelnti podl’a podmienok AEP-66 (cit.").

3.2. Textilna vzorka

Textilné referencné vzorky TB08 01-04 (01 az 04
oznacuje vetvu Upravy vzoriek) a textilné vzorky T08 01-
04 boli analyzované pomocou GC-MS-EI a LC-MS-ESI.
Vo vzorkach T08 01,02,03 pri porovnani voci ich textil-
nym referenénym vzorkdm TB08 01,02,03 neboli najdené
latky zoznamu 1,2,3 OPCW.

Az pri GC-MS-EI analyze vodného extraktu TO8 04
pomocou polyakrylového bieleho fibra (SPME) a vykonani
derivatizacie bola najdena neznama latka oznacena ako Che-
mical B (obr. 20, 23) v derivatizovanej forme.
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Obr. 6. EI chromatogram extrahovaného ionu (m/z 262) vod-
nej referencnej vzorky WB08_09 po BSTFA derivatizacii
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Tato latka nebola pritomna v textilnej referencnej
vzorke TBOS 04 (obr. 19, 22). Analyza textilnej referenc-
nej vzorky TB0O8 04 bola vykonana tesne pred analyzou
textilnej vzorky TO8_04, kvoli zachovaniu retazca dokazu.
Neznama latka bola identifikovana na zaklade porovnania
retenénych indexov azhody jej MS-spektra (obr. 25)
s kniznicnym spektrom ako trimetylsilyl kyseliny propyl-
fosforitej (PPA je rozkladny produkt organofosforovych
zliéenin s propylovou skupinou naviazanou na atom fosfo-
ru). Jej pritomnost bola potvrdend analyzou Standardu
kyseliny propylfosforitej pomocou fibra a derivatizaciou
pomocou BSTFA (obr. 21, 24, 26).

Tato identifikacia je podl'a podmienok AEP-66 pova-
zovana za potvrdzujucu identifikéciu, vzhl'adom na to, ze
sa Chemical B nepodarilo potvrdit' inou nezavislou
metodou’.

Pritomnost’ Chemical B (kyseliny propylfosforitej)
v textilnej vzorke nebola potvrdend analyzou LC-MS-ESI.
Do6vodom mohla byt’ nizka vytaznost’ organickej a vodnej
extrakcie. Pouzitie selektivnej extrakcie s vyS$Sou vytaz-
nost'ou pre tuto latku pomocou SPME fibra nebolo mozné,
z ddvodu absencie nadstavca na manudlnu injekciu pre
SPME fiber k pristroju LC-MS-ESI.

4. Zaver

Pocas druhého NATO laboratéorneho cvicenia
s kombinovanymi vzorkami bola na selektivnu extrakciu
chemickej kontaminécie atym aj vylucenie pritomnosti
radioaktivnej kontaminacie vo forme ***U pouzita metoda
SPE. Jej pouzitie sa ukazalo ako spravne. Zabezpecilo
vy$§iu  vytaznost  analytu,  preCistenie = vzorky
avneposlednom rade aj velkou mierou prispelo
k nespochybnitel’nej identifikacii druhu chemickej konta-
minécie.

Na odstranenie biologickej kontaminicie vo forme
Fracisella Tularensis, bola pouzitd metdéda inaktivacie
pomocou UV-ziarenia a filtracie cez striekackové konco-
vé filtre, ktora sa ukdzala ispeSnou. Na zvySenie vytaz-
nosti analytu bola v priprave GC-MS pouzita cielend ex-
trakcia analytu metdédou SPME, ktord vyrazne prispela
k identifikacii druhu chemickej kontaminéacie na Grovni
potvrdzujlcej analyzy.
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Abstrakt

Druhé NATO laboratdrne cvicenie s kombinovanymi
vzorkami (biologicka, chemicka, radiologicka a nuklearna
kontamindcia) bolo zamerané na vytvorenie Standardného
operaéného postupu (SOP) pri nakladani s tymito vzorka-
mi a preukdzanie schopnosti spravne identifikovat’ jednot-
livé kontaminanty. Do laboratorii boli dorucené dve vzor-
ky: textilnd a vodné vzorka. Na zéklade vysledkov radiolo-
gického a biologického skriningu, ktoré potvrdili pritom-
nost U vo vodnej vzorke a Francisella Tularensis
v textilnej vzorke, bolo prijaté rozhodnutie Ciasto¢ne upra-
vit’ interny postup na Upravu vzoriek obsahujicich vojen-
ské chemické latky, ich rozkladné produkty a prekurzory.
V pripade vodnych vzoriek nebolo mozné pouzit cely
postup, ale len jednu jeho vetvu vyuzivajucu extrakciu na
tuhej faze SPE (solid-phase extraction) na cielenu extra-
kciu rozkladnych produktov a prekurzorov vojenskych
chemickych latok. V pripade textilnej vzorky bolo mozné
vyuzit' cely interny postup po jeho miernej Gprave doplne-
nim o filtraciu extraktov cez koncové striekackové filtre
s velkostou pérov 0,2 um a vyuzitie mikroextrakcie na
tuhej faze SPME (solid-phase microextraction). Na identi-
fikaciu chemickej kontaminécie boli pouzité metddy ply-
novej (GC-MS-EI) a kvapalinovej (LC-MS-ESI) chroma-
tografie s hmotnostnou spektrometriou, plynovej chroma-
tografie s plamenovo-ionizacnym detektorom (GC-FID),
pri¢om bola pozadovana minimalne uroven potvrdzujice;j
identifikacie podla poziadaviek AEP-66 (NATO prirucka
pre vzorkovanie a identifikdciu biologickych, chemickych
a radiologickych latok)'.
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Introduction

Cereals present a valuable source of dietary fiber in
everyday diet of human being. (1—3)(1—4)-B-D-glucan
(hereafter as B-D-glucan) is major polysaccharide constitu-
ent of cell walls in the Poaceae and is found only in Poa-
les, an order that includes cereals'. Its highest content was
observed in barley and oat grains, where it presents 3—11
% of the dry matter’. It is a linear and partially water-
soluble polysaccharide that consists only of glucose linked
through both B-(1—3)- and B-(1—4)-glycosidic linkages
in various ratios’. B-D-glucan content is affected by envi-
ronmental factors. Genotype and the environment are sig-
nificant sources of variation for its content; the ranking of
genotypes is generally consistent over the environments.
This polysaccharide plays an important role in cell wall
architecture and plant development®. It has a positive im-
pact on human health in terms of lowering cholesterol and
blood glucose levels®, increasing immunity against infec-
tion and positive influencing of bowel function’. On the
other hand, the viscous nature of barley B-D-glucan may
cause problems in the brewing process. It contributes con-
siderable viscosity to the mash and may causes slow wort
filtration and haze formation in the beer’. Primarily, the
function of B-D-glucan is related to its structure, molecular
weight, and interaction with other components.

Cereals are also characterized by high dietary fibre
content. Besides good health-beneficial effects, dietary
fibre shows high technological value. Its addition to food
increases not only nutritional parameters but also reologi-
cal characteristics of dough®. Today there are two reasons
to add fibre to food products: to increase the dietary fibre
intake and to decrease the caloric density of foods what is
coupled with the preparing of functional foods. For this
trend, it is important to know good natural sources of total
dietary fibre (hereafter as TDF) and its individual com-
pounds, which are good tool for biotechnology.

The aim of our work was to rapidly and exactly char-
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acterize a set of cereal cultivars, with the objective to iden-
tify suitable sources to be used in a series of crosses in our
breeding programs. The results will also be the starting
point for further studies which will consider cereals as raw
materials for food industry. The development of cultivars
with greater B-D-glucan amount should increase the nutri-
tional and economic value of the cereal crop.

Material and Methods

For a rapid screening, mature grains of 112 spring
barley genotypes (Hordeum vulgare L.), 99 genotypes of
oat (Avena sativa L.), and 87 genotypes of wheat (Triticum
aestivum L.) were evaluated for the content of cell wall
polysaccharides’ B-D-glucan and TDF. After maturation
on the experimental fields on the Plant Production Re-
search Center (in PieStany for barley and wheat and
Viglas-Pstrusa for oat), grains were dried and milled to
pass a 0.5 mm screen using Ultracentrifugal Mill (ZM 100,
Retsch GmbH&Co.KG, Haan/Germany). They were
stored in hermetic boxes in temperature of 5 °C. The effect
of genotype and environment (e.g. locality and year) on
the variability of TDF and its compound B-D-glucan con-
tent was studied among selected 10 oat genotypes (5 naked
and 5 hulled) of European provenance. The study was
carried out on the samples from two localities (Borovce
and Viglas-PstruSa) in two consecutive years (2006 and
2007) and each variety was grown in three different plots
of 1.25 m” in a fully randomised block design.

The B-D-glucan level was determined using Mixed-
linkage Beta-glucan assay procedure (Megazyme, Ireland).
This method is based on the method published by
McCleary and Codd’ and accepted by the AOAC (Method
995.16) and the AACC (Method 32-23). Samples were
suspended and dissolved in a 0.02 M sodium phosphate
buffer (pH 6.5), incubated with purified lichenase enzyme,
and an aliquot of filtrate was reacted with purified B-
glucosidase enzyme. The glucose product was assayed
using an oxidase/peroxidase reagent.

The TDF content of cereal grains was determined
using Total dietary fibre assay procedure (Megazyme,
Ireland). The procedure is based on the methods of Lee et
al.'’ and Prosky et al.""'? (AOAC 991.43, AOAC 985.29,
AACC 32-07, and AACC 32-05). However, the enzymes
in the Megazyme Total dietary fibre kit can also be used in
other dietary fibre analytical methods such as AACC
Method 32-21 and AACC method 32-06. TDF was deter-
mined on duplicate samples of dried and defatted (if fat
content is >10 %) material. Samples were cooked at
~100 °C with heat stable a-amylase to give gelatinization,
hydrolysis, and depolymerisation of starch; than incubated
at 60 °C with protease (to solubilise and depolymerise



Chem. Listy 104, s599—s603 (2010) ACP 2010 — Sucasny stav a perspektivy analytickej chémie v praxi

proteins) and amyloglucosidase (to hydrolyze starch frag-
ments to glucose); and treated with four volumes of etha-
nol to precipitate soluble fibre and remove depolymerised
protein and glucose (from starch). The residue was fil-
tered; washed with 78 % ethanol, 95 % ethanol, and ace-
tone; dried; and weighed. One duplicate was analyzed for
protein and the other was incubated at 525 °C to determine
ash. The TDF was the weight of the filtered and dried resi-
due less the weight of the protein and ash. Nitrogen level
was determined using Dumas method (CNS-2000 Elemen-
tal Analyzer, LECO Corp., USA) and the content of crude
protein by next calculation (N x 6.25 for barley and oat, N
x 5.7 for wheat).

The polysaccharide’s evaluations were calculated on
a dry-weight basis using Sartorius MA 45 (Sartorius AG,
Goettingen/Germany). With every group of 11 and 7 flours
for B-D-glucan and TDF, respectively control flours of
known B-D-glucan and TDF contents were used.

Results were given as mean + standard deviation of
two independent determinations using SPSS for Windows
Release 11.5.1. program. One-way analysis of variance
(ANOVA) was used to compare means and Tukey HSD
(Honestly Significantly Different) post hoc test to analyse
the influence of genotype and environment, respectively.

Results and discussion

Several methods for the measurement of B-D-glucan
and TDF have been developed and reported. Especially in
the case of barley for brewing industry, the enzymic
method applied to barley was evaluated by an analytical
subcommittee of the Cereal Chemistry Division of the
Royal Australian Chemical Institute and is now the recom-
mended Australian standard method. Next accurate and
reliable is the Carlsberg calcofluor method, which was also
evaluated on barley, malt, wort, and beer samples by an
analytical subcommittee of the European Brewing Con-
vention. A modification of the original enzymic procedure
of McCleary and Codd’ commercially available as Mixed-
linkage Beta-glucan assay procedure (Megazyme, Ireland)
is nowadays the recommended AACC Method (Method
32-22) for measurement of -D-glucan in cereal grains and
unsweetened oat food products’.

In our research institute, we have good experiences
with streamlined enzymic procedure from Megazyme.
This method for the determination of B-D-glucan in grain
samples is reliable and robust. Its application in the labora-
tory increases the simplicity of analysis and number of
flour samples (e.g. barley and oats). It is successfully used
for the determination of monitored polysaccharide in ce-
real genotypes preserved in Gene Bank or, on the other
hand, in new breeding lines.

A high variability was detected in the B-D-glucan
content among cereal species. The mean value was 4.2 %
for spring barley, 3.4 % for oat, and 0.7 % for wheat geno-
types. Barley and oats are good natural sources of PB-D-
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glucan, on the other hand wheat doesn’t contain high lev-
els of monitored polysaccharide'. In barley cultivars, the
B-D-glucan values were between 1.9 (Nitran) and 5.4 %
(Merkur). Generally, in the literature, the mean content is
3.0-4.5 %. In our evaluations, the highest levels (5.0 %
and more) were in genotypes Merkur (5.4 %), Orbit
(5.3 %), Heda (5.3 %), Zlatan (5.2 %), Karat (5.2 %), At-
las (5.0 %), and Artibut (5.0 %). The lowest levels (up to
3.0 %) were in genotypes Nitran (1.9 %), Stabil (2.8 %),
and Stupicky Hanacky (3.0 %) detected. Genotypes with
high levels of monitored health-beneficial polysaccharide
create the possibility as functional food ingredient. On the
other hand, barley genotypes with low amounts are needed
in brewing industry.

In oat, the B-D-glucan content ranged between 1.7
and 5.7 %. Our results are corresponding to the determined
B-D-glucan values of European oat genotypes (3.9 % and
3.6 %, respectively) published in the literature'*'*. Our
results show that naked genotypes dispose of higher levels
of this metabolite (4.4 % on average) in comparison with
the hulled oat, where the mean content was 3.3 %
(Table I). The majority (90 %) of naked genotypes contain
higher B-D-glucan level than is the average of analysed oat
set. The increased B-D-glucan content is connected with
the presence of gene nud for a hulless type of grain. The
future of naked oats is in the feed that provide the largest
welfare benefits and their demand as a food crop is on
a world-wide scale increasing. Genotypes Terra (5.7 %),
Neon (5.4 %), Arnold (5.2 %), Sampionka (4.8 %),
Unisignum (4.6 %), Atego (4.6 %), Pendek 4.5 %), Saul
(4.5 %), Avenuda (4.3 %), Adam (4.3 %), Izak (4.2 %),
Ardo (4.1 %), and Salomon (4.1 %) with the highest level
(>4.0 %) observed can be used in breeding and industry as
convenient sources of health beneficial polysaccharide.

A relation between the oat glume colour (yellow,
white, black) and the B-D-glucan content was also ob-
served. Our results indicate that the black genotypes show
the lowest standard deviations in the content of evaluated
metabolite. The degree variance of B-D-glucan level ex-
pressed as a coefficient of variation displayed the highest
value in white hulled oat, next in yellow, and the lowest
values were calculated for the genotypes with black glume
colour (Table I). Because higher value of variation coeffi-
cient directly correlates with lower variance of metabolite
biosynthesis within a set, we could state, that black hulled
oat with low variation coefficient are characterized by
markedly stable biosynthesis of B-D-glucan in the com-
parison with yellow and white types. Similarly, biosynthe-
sis of other biochemical parameters (proteins, fatty acids,
and lipids) also shows to by more stabile in black hulled
oat'®,

The B-D-glucan content was in our research influ-
enced by year, locality, and genotype, and the interactions
of year and genotype as well as interaction of year, locality
and genotype (table II). Higher B-D-glucan amounts were
showed in drier and warmer year 2007. In naked oat it was
at an average from 4.1 up to 4.2 % for the year 2006 and
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Table I

Mean values of the B-D-glucan content of naked and
hulled oat and of individual groups according to the glume
colour

Group of Mean value Standard Variation
oat [%] deviation coefficient
Naked 4.4%%* 0.96 22.03
Hulled 33 0.60 18.34
Yellow 33 0.62 18.97
White 3.5 0.71 20.55
Black 33 0.46 13.89%**

*** Significant at P < 0.001

4.3-4.4 % for the year 2007. In hulled oat, in the year
2006 was the content in range 2.7-3.0 % and 3.0-3.3 %
for the next year, respectively. The B-D-glucan content was
higher (4.4 % and 3.0 % for naked and hulled oat, respec-
tively) in the locality Viglas-Pstrusa. In Borovce the
amounts were in the range 4.1-4.2 % for naked oat and
2.8-3.1 % for hulled. Generally, colder conditions of culti-
vation are better for oat cultivation. The knowledge of
factors affecting the content and variability of TDF and its
compounds can facilitate more effective oat cultivation
and its further utilization in the industry.

For the TDF content seed samples of common cereals
were detected. Among our samples, oats are best sources
of TDF with the mean value of 23.8 % and the range be-
tween 10.6 (Adam) and 34.9 % (Zvolen). Barley contains
18.4 % of TDF at the average, the amounts were between
15.7 (CI15) and 21.3 % (CI5). Wheat is not so rich in TDF
content, grains contain from 8.3 (Local) up to 14.8 %

Table 11
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(Landrace) TDF with the mean value of 11.7 %.

The TDF content of naked oat ranged between
11.9% (PS-90) and 13.0 % (Detvan), 12.4 % being the
mean value. In hulled genotypes, the mean value of moni-
tored parameter was 33.8 %. From the results obtained it
can be stated, that the TDF content was significantly influ-
enced by the presence of glumes (table III). The influence
of genotype — as a source of variability — was significant in
hulled oat set, where a large range from 30.1 % (Edmund)
to 36.2 % (Expander) was observed. Also the effect of
locality was observed. The TDF content of naked oat was
higher in Viglas-Pstrusa (13.3 %) compared to 11.5 % in
Borovce. In hulled genotypes, the mean TDF content was
in Borovce higher (36.4%) than in Viglas-Pstrusa
(31.3 %). In both groups, the interaction of growing year x
locality was high significant. Mostly the effect of the year
2007 in Viglas-PstruSsa was observed. The mean TDF
value of hulled oat (29.0 %) was sharp decreased com-
pared to the year 2006 (33.6 %). On the other hand, in
naked oat grown in Viglas-Pstrusa in the year 2006 was
the mean TDF value strongly increased in comparison
with 2007. It was due to differences in magnitude changes
in both analysed environments. In the year 2006 it was
13.7 % and 10.7 % in Viglas-PstruSa and Borovce, respec-
tively. In 2007, the average TDF content was 12.8 % and
12.2 % in Borovce and Vigl'as-Pstrusa, respectively.

Conclusions

A commercially available analytical methods for the
measurement of TDF and B-D-glucan content have been
used in cereal samples. Barley and oats are good sources
of health-promoting B-D-glucan with the average amounts
of 4.2 % and 3.4 %, respectively. Naked oats dispose of

Means squares (MS) from analysis of variance in the B-D-glucan content of analysed oat

Source of variability All Naked oats Hulled oats

df MS df MS df MS
Model 40 82.15%* 20 109.43%*%* 20 54.86%*
Year 1 3.38%* 1 1.10%* 1 2.40%*
Locality 1 1.02%* 1 1.08** 1 0.15%*
Genotype 9 12.32%* 4 1.13** 4 2.57%*
Year * Locality 1 0.00 1 0.02 1 0.03
Year * Genotype 9 0.57*%* 4 0.14%* 4 1.11%**
Locality * Genotype 9 0.16%* 4 0.03 4 0.27%*
Year * Locality * Genotype 9 0.13%* 4 0.14%** 4 0.14%*
Error 200 0.02 100 0.02 100 0.01
Total 240 120 120

** Significant at P < 0,01 (effect significant at the level o =0.01)
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Table 11T
Means squares (MS) from analysis of variance for TDF content of analysed oat set
Source of variability df MS
Naked oats Hulled oats
Model 20 462.211** 3484.475%*
Genotype 4 2.015 76.745%*
Year 1 1.104 0.007
Locality 1 47.313%* 386.436%*
Genotype x year 4 1.297 6.813
Genotype x locality 4 2.229 6.967
Year x locality 1 20.862%* 316.159**
Genotype x year x locality 4 3.812 2.187
Error 40 2.319 6.596
Total 60

** P <0.01 (effect significant at the level o = 0.01)

higher B-D-glucan content in comparison with the hulled.
Genotypes with black colour of the glumes account sig-
nificantly lower standard deviation and variation coeffi-
cients in the content of B-D-glucan, what indicates mark-
edly stable biosynthetic mechanism of the studied metabo-
lite. Genotype and environment (year and locality) ant
their interactions influence the content of both, -D-glucan
and TDF. Higher yields were detected in both analysed
parameters in the drier and warmer year 2007 and on the
cooler locality Viglas-Pstrusa. Naked oats Izak and
Avenuda and hulled Zvolen, listed in the State Varietal
Book of the Slovak republic, are good natural sources of
B-D-glucan and TDF, respectively.

The work was supported by National Project of Re-
search and Development No. 2003 SP 27/028 OE 02/028
OFE 02 from Ministry of Agriculture, Slovak Republic and
by Slovak Research and Development Agency under the
contract No. VMSP-P-0047-09 . The authors are grateful
to Ivana Skripcdakova for technical participation during
TDF analysis and to Michaela Benkovad, Daniela Dvon-
c¢ovd, Peter Hozlar, Pavol Hauptvogel, and Kldra
Krizanova for providing the plant material.
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(1-3)(1—4)-B-D-glucan and total dietary fibre, respec-
tively, have been used for rapid screening among cereal
cultivars. Their application is possible in identification of
cell wall polysaccharides’ B-D-glucan and total dietary
fibre suitable sources and also in studying factors affecting
their content in a series of crosses in breeding programs as
well as in biotechnology trends for the purpose of func-
tional foods or nutraceuticals development. We monitored
112 genotypes of spring barley, 99 oat genotypes, and 87
genotypes of spring wheat with the aim to look for good
natural sources of health beneficial compounds. The effect
of genotype and environment (e.g. locality and year) was
also studied and both, genetic and environmental factors
had significant effect on the variability in contents of stud-
ied parameters.
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Introduction

Pesticides are often detected contaminants in the
aquatic environment. This is mainly due to their use in
agriculture and their physico-chemical properties that en-
able transportation and a persistent or pseudo-persistent
existence in the water. Several directives and guidelines
establish maximum levels of pesticides in water in order to
protect the human and environmental health. EEC Direc-
tive 98/83/EC has established a maximum allowed concen-
tration of 0.1 ug 1™ for individual pesticides and related
products, and of 0.5 pg 1™* for total pesticides in drinking
water and 1-3 ug 1! in surface water (EEC Drinking Wa-
ter Guidelines 1998)".

Analytical methods based on gas chromatography”™
or liquid chromatography > followed by mass spectrome-
try or tandem mass spectrometry are the most commonly
used techniques for the quantification of organic micro-
contaminants in water. However, in spite of the recent
technical progress, the instrumental quantification limits of
the micro-contaminants are still high, around pg 1"'. There-
fore sample preparation step is often the critical step of the
whole analysis. The most common technique is the solid-
phase extraction (SPE)>, which can be used to isolate and
preconcentrate a broad range of contaminants in one
analysis. While liquid-liquid extractions (LLE techniques)
are called as time-consuming, expensive and hazardous to
health due to the high volume of potentially toxic solvents
used, SPE methods are rapid, present good recoveries and
low detection limits™®. Modern trends in sample prepara-
tion are towards the simplification of the process and mini-
mising the organic solvent used with the development and
application to environmental samples of liquid-phase
microextraction (LPME)’'°, the microextraction in
solid phase (SPME)'"™"* and stir bar sorptive extraction
(SBSE)'*15.
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Fast GC techniques satisfy the present-day demands
on faster and cost-effective analysis'®!”. There are obvious
advantages of faster GC compared to conventional capil-
lary GC, mainly shorter analysis time (in minutes range),
increased 90 laboratory throughput, reduced costs per sam-
ple and improved precision and sensitivity. Nowadays fast
GC can be performed on commercial gas chromatographs
with standard equipment for high-speed injection, elec-
tronic gas pressure control, rapid oven heating/cooling and
fast detection. Despite the great efforts in the research of
GC amenable pesticide residues analysis

In this study, a fast GC-MS method with narrow-bore
column separation for determination of 30 pesticides be-
longing to different chemical groups as it is shown in Ta-
ble I (triazoles, triazines, pyretroids, organophosphates,
anilinopyrimidines, oximinoacetates, chloracetamides)
with 2 internal standards (I.S.) — heptachlor and triphenyl-
phosphate in water samples at the ultra-trace concentration
levels was developed. Fast GC equipped with a PTV injec-
tor and a bench-top quadrupole MS detector in combina-
tion with SPE sample preparation method was used for the
analysis of selected pesticides. The goal was to obtain the
validation parameters, such as linearity of calibration
curves, limits of quantitation (LOQs), as well as recovery
of the used method.

Experimental
Reagents and Materials

Standards of pesticides and internal standards (I.S.)
were obtained from various sources (Bayer, Leverkusen,
Germany; Dr. Ehrensdorfer, Augsburg, Germany; Chemi-
nova, Harboore, Denmark; Ciba-Geigy, Basel, Switzer-
land; Shering,Kenilworth, NJ, USA; Dow AgroScience,
Indianapolis, IN, USA; Agrovita, Ivanka pri Dunaji, Slo-
vak Republic) and were of purity > 96 %. There is the list
of pesticides in the Table I. Individual solution of each
pesticide was prepared in toluene (Merck KGaA, Darm-
stadt, Germany) at an approximate concentration of
1 mg ml™. Stock solution of 0.02 mg/mL of all pesticides
was prepared in toluene. For calibration seven concentra-
tion levels of pesticides were used: 0.001, 0.005, 0.01,
0.05, 0.1, 0.25 ng ul_l, what corresponds to 0.01, 0.05, 0.1,
0.5, 1.0, 2.5 pug I"" of pesticides in water sample; number
of analysis replicates for all concentrations levels was 6.
Acetonitrile standard solutions were prepared according to
the following scheme: 925 pl blank sample extract + 25 pl
TPP (6 pg ml™) + 25 pl HEPT (20 pg ml™) + 25 pl pesti-
cide standards (various concentrations of dilute solutions
which correspond to the above-mentioned concentration
levels).

All stock solutions were stored at —18 °C and diluted
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solutions at +4 °C. Standards were weighed on Sartorius
Analytic MC1 scales (Sartorius, Gottingen, Germany).
Magnesium sulfate (MgSO,) from Lachema (Lachema
a. s., Brno, Czech Republic) was annealed at 500 °C (5 h).
Filters of 0.45 um HVLP (Millipore Bedford, MA, USA)
were used.

Sample Preparation Method

Sample, obtained from Slovak river, was sampled to
the pre-cleaned amber glass bottles and transported to the
laboratory under cooling conditions. Upon arrival to the
laboratory, the samples were filtered though 0.45 pum,
47 mm nitrocelulose filter (Whatman, Germany) to elimi-
nate particulate matter and other suspended solid matter,
and then stored at 4C in the dark. Preconcentration of the
samples was performed using an automated solid-phase
extraction (SPE) sample processor PROSPEKT
(automated sample preparation with extraction columns)
(Spark Holland, Netherland). Pre-filtered water samples
(100 ml) were preconcentrated on SPE microcartridges
with PLRP-S sorbent (Spark Holland). The cartridges were
first conditioned with 10 ml of methanol and 10 ml Milli Q
of water at a flow rate of 5 ml min™'. After loading of the
sample at a rate of 5 ml min~', the pesticides were eluted
by passing a total volume of 1ml of acetonitrile at a flow
rate of 1 ml min™". The extract was dried using anhydrous
magnesium sulphate.

GC-MS

GC-MS measurements were performed on an Agilent
6890N GC system coupled to an Agilent 5973 mass-
selective detector equipped with a programmed tempera-
ture vaporizer (PTV) and an Agilent 7683 autoinjector.
MS with electron impact ionization (EI) mode (70 eV) was
operated in a selective ion monitoring (SIM) mode. For
each pesticide 2 or 3 specific ions were selected and sorted
into groups; the used dwell time was 10 ms. PTV was op-
erated in solvent vent mode. Chromatographic separation
was performed under a temperature program for column:
60 °C (1.75 min), 60 °C min™" to 150 °C, 23.8 °C min™' to
300 °C (1.90 min). The injection volume was 2 pl and
after each injection. Helium of 5.0 purity (Linde Techno-
plyn, Bratislava, Slovak Republic) was used as a carrier
gas in constant flow mode. Microbore chromatographic
column CP-Sil 8 CB (Varian, Middelburg, The Nether-
lands) with 5 % diphenyl 95 % dimethylsiloxane station-
ary phase 15 m x 0.15 mm [.D. x 0.15 um was utilized and
it was connected to a nonpolar deactivated precolumn (1 m
% 0.32 mm 1.D.) for focusation purposes.

Results and Discussion
The list of pesticides, their belonging to the chemical

group and retention times of pesticides are given in the
Table I.

Table I

List of the used pesticides, chemical groups and their re-

tention times
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Pesticide Chemical group t; [min]
Acetochlor chloracetamide 5.86
Alachlor chloracetamide 5.93
Atrazine triazine 5.35
Azoxystrobine methoxyacrylates 9.94
Cypermethrin pyrethroids 9.10
Cyproconazol triazoles 7.24
Deltamethrin pyrethroids 9.84
Diazinon organophosphates 5.49
Dimetachlor chloroacetamide 5.83
Etofenprox pyrethroids 9.27
Fluazifop-p-buthyl propionate 7.21
Fluquinconazole triazoles 7.21
Flusilazol triazoles 7.12
Chlorpyrifos organophosphate 6.24
Chlorpyrifos-methyl  organophosphate 5.88
Iprodion dicarboximides 7.96
Kresoxim-methyl oximinoacetates 7.10
Lambda-cyhalotrin pyrethroid 8.42
Metazachlor chloroacetamide 6.54
Myclobutanil triazoles 7.09
Penconazole triazoles 6.58
Pirimifos-methyl organophosphates 6.09
Prometryn triazine 6.02
Propargit sulphite ester 6.07
Pyrimethanil anilinopyrimidines 5.55
Quizalofop-p-ethyl aryloxyphenoxy- 9.22
propionate

Tebuconazole triazoles 7.80
Terbuthylazine triazine 5.46
Triadimenol triazoles 6.69
Trifloxystrobin oximinoacetate 7.59
Linearity

The linearity of response of GC-MS in SIM mode
was checked in the range of concentrations from 0.001 to
0.25 ng pl™". One milliliter of a final solution injected into
the GC injector system corresponds to 100 ml of a water
sample. For calibration the following concentration levels
were used: 0.001, 0.005, 0.01, 0.05, 0.1, 0.25 ng ul’l, what
corresponds to 0.01, 0.05, 0.1. 0.5, 1.0, 2.5 pg I"" of pesti-
cides in water sample; number of replicates for all concen-
trations levels was 6. Regression analysis was performed
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Table 1T
Instrumental LODs (S/N=3) [ng ul™'] and LOQs (S/N=10)

[ng ul™']

Pesticide 10°.LOD 10°.LOQ
[ng ul™'] [ng ul™']
Cyproconazole 1.1 3.7
Atrazine 0.3 1.1
Terbuthylazine 0.3 0.9
Pyrimethanil 0.3 1.2
Dimetachlor 0.8 2.8
Acetochlor 0.2 0.6
Chlorpyrifos-methyl 0.2 0.9
Alachlor 0.7 2.5
Prometryn 0.1 0.1
Pyrimiphos-methyl 0.7 2.4
Chlorpyrifos 0.8 2.6
Metazachlor 1.2 4.2
Penconazole 0.2 0.7
Diazinon 0.4 1.6
Kresoxim-methyl 0.9 3.1
Myclobutanil 0.4 1.6
Flusilazole 0.6 2.1
Fluazifop-p-buthyl 0.8 2.9
Trifloxystrobin 1.2 4.2
Tebuconazole 1.7 5.8
Iprodione 0.8 2.8
Fluquinconazole 0.8 2.7
Etofenprox 0.8 2.7
Azoxystrobin 1.5 5.0

to generate the linear equation of the calibration curve and
the coefficients of determination R”. For all tested pesti-
cides calculated R? were in the range 0.9867—1.000. Re-
peatability of peak areas for all pesticides expressed as
relative standard deviation (RSDs) (n = 6) did not exceed
10 % and met the EU criterion of RSD <20 % (ref.'®).
Instrumental LODs and LOQs calculated from calibration
measurements at the lowest calibration levels are presented
in Table II. LODs were calculated from signal to noise (S/
N) ratios (1:3), LOQs (1:10).

Recovery

Recovery data were evaluated. In the realized experi-
ments, purified extracts of tested water were spiked by rep-
resentative pesticides at concentration levels 0.005 ng ul™",
0.01 ng ul™", 0.1 ng pl™" and were analysed by fast GC-MS
to evaluate the recoveries of the method. To assess the
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performance of an analytical method, several criteria have
to be considered. At the concentration five-times the limit
of determination, pesticides recoveries should be 70—
110 % range with relative standard deviations <20 %
(ref.'®). Satisfactory recoveries (> 70 %) using fast GC—
MS were obtained from spiked water at the given concen-
tration levels, as shown by data in Table III. Recoveries
were acceptable except of atrazine (45.6 %). Problems
with the determination can be caused by decomposition or
interaction with active sites in the injector liner.

Analysis of real sample

The following five pesticides were found in a real
sample: chlorpyrifos-methyl, pyrimiphos-methyl, chlor-
pyrifos, fluazifop-p-buthyl and etofenprox. Average con-
centration (average calculated from triplicate analysis of
two parallel samples) and relative standard deviations of
parallel samples and of GC-MS analyses are given in Ta-
ble IV. The determined concentrations of pesticides were
in the range of 0.003-0.019 pg 1™". For detected residues in
real sample, RSDs values for parallel samples and for GC-
MS determinations are lower than 14 %.

Conclusions

These results illustrate the possibility of using fast
GC-MS for pesticide multiresidue analysis of water sam-
ples. Thirty pesticides can be separated in 11 min. The
developed and validated method with the utilization of
a PTV injector, a narrow-bore column and a bench top
quadrupole MS detector (with EI ionization in SIM mode)
combined with SPE sample preparation technique was
shown to be sensitive for the determination of selected
pesticides at the trace concentration levels in water (0.01—
2.5 pg I of pesticides in water sample). A wide range of
pesticides with different physico-chemical properties were
investigated. With respect to required concentration level
for pesticides in water (0.1 pg1™), acceptable recoveries
and repeatabilities were obtained.

This work was supported by the Slovak grant agency
VEGA under the Project No. 1/0390/09.
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Table 111
Results of recovery R (%) experiments of selected pesticides from water at spiking levels 0.005; 0.01 a 0.1 ng ul™' (0.05;
0.1; 1 ug 1™

Pesticide Spiking level 0.005 ng ul™ Spiking level 0.01 ng pul™ Spiking level 0.1 ng ul™*
R [%] RSD [%] R [%] RSD [%] R [%] RSD [%]
Cyproconazole 68.7 5.8 66.0 6.6 943 1.5
Atrazine 48.4 6.1 45.6 4.7 48.4 9.9
Terbuthylazine 91.9 3.5 96.6 2.0 100.3 2.3
Pyrimetanil 81.9 2.9 80.3 29 99.4 0.8
Dimetachlor 86.7 4.5 89.1 3.7 93.8 33
Acetochlor 80.1 8.2 87.3 4.4 89.8 34
Chlorpyrifos-methyl 84.5 5.5 85.8 59 91.9 3.3
Alachlor 79.6 5.8 82.1 3.5 922 4.9
Promethryn 82.4 7.8 80.4 2.8 81.9 2.0
Pyrimiphos-methyl 73.7 8.5 76.0 4.4 89.1 1.7
Chlorpyrifos 70.4 7.0 78.6 5.2 80.7 8.1
Metazachlor 79.3 12 75.6 7.3 89.2 1.5
Penconazole 85.0 43 81.2 5.1 84.0 0.6
Diazinon 83.9 8.1 85.5 5.0 99.7 22
Kresoxim-methyl 80.8 3.7 80.0 2.5 87.1 2.3
Myclobutanil 77.1 6.9 96.0 3.1 91.5 1.6
Flusilazole 82.5 2.6 67.2 3.5 85.7 1.8
Fluazifop-p-buthyl 75.7 6.8 77.7 44 82.8 4.4
Trifloxystrobin 73.4 7.0 73.3 4.5 854 22
Tebuconazole 67.6 15 69.5 15 80.8 1.9
Iprodione 78.7 5.5 70.9 8.4 78.3 2.7
Fluquinconazole 84.9 4.8 88.5 1.0 72.6 1.2
Etofenprox 75.1 12 78.5 7.9 79.4 6.1
Azoxystrobin 80.9 19 80.1 9.2 84.2 1.2

Two parallel sample extractions were performed with three repeated GC measurements.

Table IV
Concentration ¢ (ug1™") of pesticides determined in real sample (river Dunaj, Bratislava, Slovakia) and repeatability of
measurements expressed as RSD (%)

Pesticide 10°.c [ug 1] RSDgc [%] RSDpa [%]
Chlorpyrifos-methyl 3 13 10
Pyrimiphos-methyl 4 15 11
Chlorpyrifos 9 8.8 7.0
Fluazifop-p-buthyl 6 16 10
Etofenprox 13 4.6 4.8

Notes: RSDpy — is the RSD for parallel extraction and analysis of two real samples (parallel analysis).
RSDgc — is the RSD for triplicate GC-MS analysis of one extract of a real sample
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Introduction

In the manufacturing process of footwear, leather and
artificial leather, volatile organic compounds (VOCs) are
used as cleaners, primers, adhesives and paints. VOCs can
be released continuously from products while you are us-
ing them and can also accumulate up to a large amount
while they are in storage. In automotive industry the con-
trol of VOCs emission from interiors began 20 years ago.
Many cars interior VOCs are evolved from leather or syn-
thetic leather.

In the meantime a lot of various emission test meth-
ods have been developed. The most important methods are
VDA 270, VDA 275, VDA 277 and VDA 278. Other
methods are based on these methods. Furthermore there
are many emission chamber tests (e.g. VDA 276)".

Each of these methods is suitable for analysis of
a different group of substances. The method VDA 277
(static headspace) is used for determination of common
volatile organic compounds (C4—Ci,). A small leather piece
is heated in a small vial (microchamber) and afterwards the
air above the test specimen is analyzed by GC-FID. The
result is a sum of content of VOCs in pg g™'. Acetone is
used as a calibration substance. Automated microchamber/
thermal extractors provide industry and researchers with
a versatile and automated tool for materials testing2"3.

The test method based on testing a small test piece in
a microchamber has a drawback: small source means low
absolute amounts of emissions, and this may give prob-
lems with sensitivity and reproducibility of the analytical
technique. Moreover, flashing air dilutes the sample trans-
porting the evolved VOCs into adsorption column.

The present work outlines the analysis of VOCs
emission from leather using an all-glass syringe aiming at
reducing costs and time for emission testing as compared
to conventional emission test microchamber.
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Chromatographic conditions
and instrumentation

Analyses were carried out on a GC Top Series, CE
Instruments (Rodano-Milano, Italy) and a computer pro-
gram (Shimadzu, Class-VP.2, SP1) was used for data ac-
quisition. The chromatograph was equipped with FID and
a fused silica VF-5ms capillary column of 25 m length x
0.25 mm 1.D. and 0.25 pum film thickness (Varian, Lake
Forest, CA, USA). The chromatographic elution was tem-
perature programmed as follows: isothermal at 30 °C
(1 min), then increased from 30 to 175 °C at arate of
10 °C min™". The temperature of the inlet chamber was
230 °C and helium was used as a carrier gas.

The 30-ml all-glass syringe (Poulten & Graff,
Wertheim, Germany) was used for the static headspace
analysis. A piece of a planar leather sample with
a diameter corresponding to the I.D. + 2 mm of the syringe
was weighed, placed on the piston, the headspace adjusted
and the neck of the syringe stopped (t=0). After equilibra-
tion at 23+1 °C the microcolumn filled with 15 mg of
60—80 mesh Tenax TA (Poulten & Graf, Wertheim, Ger-
many) was directly connected to the syringe and the head-
space aspirated at a rate of 10 ml/min. The loaded micro-
column was thermally desorbed (at 230 °C of 1 min at
10 kPa) in a modified GC inlet*. After desorption the car-
rier gas pressure was increased to 60 kPa and the tempera-
ture program started.

Results and discussion

Gas tight contact of the leather margin to the inner
syringe wall prevents the diffusion of VOCs from the bot-
tom surface of the planar sample into headspace, the
VOCs only from the upper leather surface are emitted.
A chromatogram of a planar leather sample (OD of
24 mm, thickness of 1 mm and weight of 251 mg) is
shown in Fig. 1. Acetone, methylisopropyl-ketone and
isopropylbenzene were chromatographically identified as
the main components of a sample. The repeatability of the
method was investigated by subsequent (#=7) analysis of
10 ml headspace of the same sample piece of leather after
20 min equilibration. The obtained relative standard devia-
tion expressed as a sum of the peaks area (s,=7.28 %) in
Table I indicates good repeatability of the method. Using
the calibration substance acetone (VDA 277), we have
found the total amount of VOCs in a leather sample
(Fig. 1) to be 71.4 ng g™ (expressed as a sum of the peaks
area).
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Fig. 1. Chromatogram of a planar leather sample. Peaks: (1) acetone, (2) methylisopropylketone, (3) isopropylbenzene
Table I
Method repeatability
Peaks area . 10° (counts) Mean s (n=7) s: [%]
280 265 246 244 233 232 236 248 18 7.28
s — standard deviation, s,— relative standard deviation
Table 11
Area vs. equilibration time
Time, min 5 10 20 30 60
Peaks area x 102, counts 388 384 419 402 418

The equilibration time was estimated analysing the
leather sample at various time intervals (from 5 up to
60 min). The results in Table IT shows the equilibration
time of 20 min sufficient for the sample analysis.

The proposed method is simple, there is not flashing
air dilution of the sample transporting the evolved VOCs
into adsorption column as in the case of conventional mi-
crochamber extractors, is sufficiently sensitive and suitable
for the leather emission measurements, moreover, may be
useful in laboratories with a lack of appropriate apparatus.

REFERENCES

1. Schultz H., Matthes B., Schropfer M.: IULTCS II.
Eurocongress Istanbul, Istanbul, 24-27 May, 2006.

2. Markes International Ltd.: Unit D3 Llantrisant Busi-
ness Park, Pontyclun, RCT, YW United Kingdom.

3. Eurofins Environment A/S: DK-8464, Galten,
Denmark.

s610

4. Hrivnék J., Kralovicova E., Tolgyessy P., Ilavsky J.:
J. Occup Health 51, 173 (2009).

E. Kralovitova®, J. Lakato$ova®, and J. Hriviiak”
(“Regional Authority of Public Health Service, Bratislava,
bResearch Institut of Viticulture and Enology, Bratislava,
Slovak Republic): Simple Method for Leather Emission
Measurements

All-glass syringe with a sample to create the head-
space and a microcolumn, filled with 15 mg of Tenax TA,
for collection the emitted compounds, were used. An ex-
ample of the method analysis is presented.
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Introduction

Sample preparation is one of the most critical steps in
chromatographic analysis. Solvent-free extraction methods
based on the partitioning of analytes between a gaseous
and a stationary phase has become increasingly important
and widely applied in research during the last decade.
Solid-phase microextraction (SPME) is a solvent-free ex-
traction method introduced by Pawliszyn and co-workers'.
However, conventional SPME has some drawbacks such
as fibre fragility, and low sorption capacity’. Some alterna-
tive extraction techniques derived from SPME, such as
microextraction in a packed syringe® and stir bar sorptive
extraction® address these limitations.

The main objective of presented work was to develop
arapid, simple and inexpensive method for analysis of
a broad spectrum of wine aroma compounds (from acetal-
dehyde up to 2-phenylethanol) in one sample run.

Materials and Methods

Analysis were carried out on a GC 8000 Top Series,
CE Instruments (Rodano-Milan, Italy) equipped with
a modified inlet™®. The microcolumn of Imm LD. was
packed with 60—-80 mesh Tenax TA (Alltech, Deerfield,
IL, USA). VF-WAXsm silica capillary column of 30 m
length x 0.25 mm L.D. and 0.25 pm film thickness (Varian,
Lake Forest, CA, USA) was used. The chromatographic
elution was temperature programmed as follows: isother-
mal at 30 °C (5 min), then increased to 220 °C at a rate of
5°C min~" and hold 5 min. The inlet chamber temperature
was 230 °C and the temperature of FID detector 250 °C.
Helium was used as a carrier gas.

A 100 ml of the wine sample containing 20 % NaCl
was transferred into a 500 ml Erlenmeyer flask and vigor-
ously shaken for 1 min at the temperature of 22 + 1 °C.
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After equilibration the microcolumn was inserted into the
flask and from the distance of 1-2 cm from the level the
headspace of 10 ml was aspirated through the microcol-
umn at a flow rate of 2—3 ml min™' using an all-glass sy-
ringe (Poulten & Graf, Wertheim, Germany). The loaded
microcolumn was transferred into the modified GC inlet
and the trapped analytes desorbed for 1 min at 230 °C and
carrier gas pressure of 10 kPa. After desorption, the pres-
sure was increased to 60 kPa and the chromatographic
program was started.

Results and Discussion

Fig. 1 shows a chromatogram of wine aroma com-
pounds ('GriineVeltliner’, Slovak origin) analysed under
the above conditions. The identification of peaks was per-
formed by analysing model mixtures containing pure com-
pounds.

The static headspace was preferred, because in
a relatively short time the highest possible concentration of
analytes in the gas phase can be obtained. The limiting
factor of the amount of adsorbent in the microcolumn is
the breakthrough volume of analytes and the aspirated
volume of headspace. On Tenax TA at 20 °C, among the
compounds listed in Fig. 1, ethanol exhibit the lowest
breakthrough volume of 1,80 1g™" (ref.). On this basis,
all the compounds in Fig. 1 are selectively adsorbed on
10-15 mg of Tenax TA, when 10 ml of the headspace
is used. Due to low water affinity and low desorption tem-
perature, Tenax TA was selected to trap the volatiles.

During the adsorption studies we have found that full
adsorption of all the sample volatiles is not preferable,
because the broad peak of ethanol on chromatograms in-
terferes with a near eluting peaks. Therefore we have de-
cided to use only 2,5 mg of Tenax TA in the microcolumn
and work beyond the breakthrough volume of ethanol. In
such condition, the compounds obtaining up to 3—4 carbon
atoms are beyond their breakthrough volumes, therefore
their peaks are lower and the ethanol peak narrower, but
still can be used for analysis.

Advantage of the method is the low dead volume of
the microcolumn. The distance between the adsorbent and
the head of a column in the inlet is only 10 mm
(x 0.25 mm 1.D.). This means that the microcolumn is
practically a part of the capillary column, which results in
obtaining of non-dispersed peaks even at the beginning of
a chromatogram (without cryofocusation or subambient
temperatures). The method is useful for analysis of both
very volatile and high boiling aroma compounds in one
sample run and can be used to compare volatile profile
from different types of wines"®.
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Fig. 1. Chromatogram of wine aroma compounds ('GriinerVeltliner’, Slovak origin); Peaks: (1): acetaldehyde; (2) aceton; (3) methyl-
acetate; (4) ethylacetate; (5) 2-butanon; (6) ethanol; (7) propylacetate; (8) i-butylacetate; (9) propanol; (10) butylacetate; (11) butanol;
(12) i-amylalkohol; (13) ethylhexanoate; (14) pentanol; (15) hexanol; (16) hexylacetate; (17) ethyloktanoate; (18) heptanol; (19) linalool,

(20) ethyloktanoate; (21) 2-phenylethanol

Conclusion

A simple and inexpensive headspace method for
analysis of broad spectrum wine aroma compounds (from
acetaldehyde up to 2-phenylethanol) using microcolumn
filled with 2,5 mg of Tenax TA is presented. The micro-
column was thermally desorbed in the inlet of gas chro-
matograph.

This work was supported by the Slovak Research and
Development Agency APVV - 0550-07.

s612

REFERENCES

. Arthur C. L., Pawliszyn J.: Anal. Chem. 62, 2145

(1990).

. Bigham J., Medlar J., Kabir A., Shende C., Alli A.,

Malik A.: Anal. Chem. 74, 752 (2002).

. Lou D-W., Lee X., Pawliszyn J.: J. Chromatogr., A

1201, 228 (2008).

. Baltussene E., Sandra P. J. F., David F., Cramers C.

A.:J. Microcol. Sep. 11, 737 (1999).

. Hrivnék J., Kralovi¢ova E., Tolgyessy P., Ilavsky J.:

J. Occup. Health 51, 173 (2009).

. Hrivnak J., Tolgyessy P., Figedyova S., Katuscak S.:

Talanta 80, 400 (2009).

. Scientific Instrument Services: Tenax TA Break-

through Volume Data, Ringoes, New York, USA
1996-2004  http://www.sisweb.com/index/referenc/
tenaxta.htm, stored data 10. 5. 2004.

. Kruzlicova D., Mocak J., Hriviak J.: J. Food Nutr.
Res. 47, 37 (2008).



Chem. Listy 704, s613 (2010)

ACP 2010 — Stcasny stav a perspektivy analytickej chémie v praxi

Posters
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Autentické regionalne potravinové vyrobky si Casto
vnimané ako ,,vyrobky s pridanou hodnotou®, priCom za-
kaznik casto prodpokladd, ze pochadzaji z prirodnych
surovin a preto si bezpeénejsie. Avsak tieto predpoklady
st vel'mi zriedkavo podporené aj spolahlivymi analyticky-
mi udajmi, preto sa zakaznici a kontrolné organy musia
spol'ahnit’ vyhradne na tidaje poskytnuté vyrobcom. Jed-
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nou z mala analytickych metdd oficidlne prijatou EU na
uréenie povodu, geografického regionu a technologického
postupu pouzitého pri vyrobe su metddy vyuzivajice izo-
topové pomery prvkov. Nevyhodou tychto metod je na-
kladnd inStrumentalna technika a potreba Specifickych
databaz pre jednotlivé potravinové komodity. NavySe
spravna interpreticia nameranych Udajov vyZaduje Siroké
znalosti geologickych a klimatickych podmienok uplatiiu-
jucich sa pocas pestovania a vyroby danej potraviny. Cie-
Tom prace bolo klasifikovat’ vinne destilaty a destilaty
ochutené borievkami vyrabané na Slovensku pomocou
stanovenia pomerov *C/"*C v CH; (D/H)I a CH, (D/H)II
skupinach etanolu pomocou SNIF-NMR. Ziskané udaje sa
spracovali Statistickymi postupmi, ktoré umoznili identifi-
kovat’ povod jednotlivych destilatov ako aj urCit’ vstupné
suroviny pouzité pri vyrobe destilatov

Tato prdaca bola podporend finanénym mechanizmom
EHP na zaklade zmluvy ¢islo SAV-EHP-2008-02-05.
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OBTAINED FROM SORBUS DOMESTICA (SERVICE TREE)

SOLOMIYA PYSAREVSKA™", ANTONIA
JANACOVA? and IVAN SPANIK®

¢ Institute of Analytical Chemistry FCHPT STU, Radlin-
ského 9, 812 37 Bratislava, Slovakia, hDepartment of Ana-
Iytical Chemistry, Ivan Franko National University,
Kyryla and Mephodiya 6/8, 79005 Lviv, Ukraine
ivan.spanik@stuba.sk

Alcoholic beverages made from fruit, mainly slivo-
vica, hruskovica, CereSnovica, marhulovica, are very
popular in Slovakia. But as a queen of the distilleries is
signed OskoruSovica. This type of alcoholic beverage is
made from fruit of Service Tree (Sorbus Domestica). The
small fruit is crossbred of pear and service and has an ap-
ple or pear shape. The Service Tree is rather rare species in

s614

Slovak and Czech republics because it grows only in some
parts of these countries, mostly in Zahorie, Morava and
Ceské stiedohofi. Service trees start to produce the fruit
after 40 years. Except of specific taste and aroma this is
areason why Service tree distillate (OskoruSovica) is very
valued and sought by experts. In our work we focused on
investigation of volatile organic compounds (VOC) pre-
sent in this alcoholic beverage by gas chromatography
coupled to mass spectrometry. Volatiles from sample vere
extracted either by headspace solid phase microxtraction
using (DVB/CAR/PDMS) or liquid liduid extraction into
pentane.

This work was supported by EHP financial mecha-
nisms under contract number SAV-EHP-2008-02-05 and
State Program SPO6KOAOQ2 part 2003SP200280203.
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POROVNANIE VYBRANYCH EXTRAKCNYCH TECHNIK V GC-MS ANALYZE
PRCHAVYCH ZLUCENIN VO VZORKACH MEDOV

ANTONIA JANACOVA, IVAN SPANIK
a ZUZANA SUSTEROVA

Ustav analytickej chémie FCHPT STU, Radlinského 9,
812 37 Bratislava, Slovenska republika
ivan.spanik@stuba.sk

Uvod

Med predstavuje doleziti stcast naSho jedalneho
listka, nielen pre jeho sladka chut’ ale aj nutricné hodnoty,
ktoré obsahuje. Zakaznik je vSak Casto zavadzany, ¢i uz
vyrobcami alebo predajcami a miesto kvalitného prirodné-
ho produktu si kupuje len imitaciu, ktora je vlastne zmesou
roznych cukrov a aditiv. P6vod medu méze byt kontrolo-
vany bud’ analyzou pel'u (melissopalynology) alebo viace-
rymi analytickymi parametrami, napriklad sledovanim
typu apomeru cukrov kvapalinovou chromatografiou,
pomerom izotopov stabilnych prvkov IRMS alebo
v poslednych rokoch aj zlozenim prchavych zlucenin
(VOC) pomocou plynovej chromatografie. Nakolko je
med vel'mi visk6zna matrica, pokial’ sa chce analyzovat
VOC, je potrebné vybrat’ najvhodnejsiu prekoncentracn(i
metddu. Podl’a literatiry sa najcastejSie na extrakciu pou-
ziva mikroextrakcia tuhou fazou (SPME), extrakcia roz-
pustadlom (SE), extrakcia parami rozpustadla (SDE),
dynamicky headspace (DHS) a extrakcia pomocou ultra-
zvukového kapela (USE).

Ciel'om tejto prace bolo otestovat’ viaceré rozpustad-
lové ako aj bezrozpustadlové prekoncentraéné techniky,
ktoré sa pouzivaju pri extrakcii prchavych zlucenin zo
vzoriek medu. Sledoval sa vplyv jednotlivych technik na
vytaznost’ ako aj rozna polarita pouzitého rozpustadla, ¢i
sorbentu.

Experimentalna cast’
Vzorka

Na analyzu sa pouzila vzorka jednokvetového agato-
vého medu pochadzajuceho zo Slovenska.

Prekoncentra¢né techniky

Mikroextrakcia na tuhej faze (SPME)

Na testovanie najvhodnej$icho SPME sorbentu sa
vybrali §tyri typy vldkna 75 um CAR/PDMS, 100 pm
PDMS, 65 um PDMS/DVB StableFlex, 85 um PA od
firmy Supelco. Kazdé vldkno bolo pred meranim kondicio-
vané podl'a postupu vyrobcu. Vodny roztok medu sa pri-
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pravil do 15ml sklenenej vialky navaZenim 4 g medu,
0,5g NaCl, pridanim 1ml deionizovanej vody
a magnetického mieSadla. Ekvilibracia vzorky a extrakcia
prchavych zlicenin z medu prebichala vo vodnom kupeli
pri teplote 60 °C, kazdy krok trval 30 min. Desorpcia extra-
hovanych latok z vldkna prebiehala priamo v GC injektore
GC-MS pristroja.

Kvapalinova extrakcia (LLE)

Pri kvapalinovej extrakcii sa sledovala extrakéna sila
troch rézne polarnych rozpustadiel, pentanu, dietyléteru
aich zmesi v objemovom pomere 1:2. 40 g medu sa roz-
pustilo v 10ml deionizovanej vody. Na zlepSenie prestupu
organickych latok sa do roztoku pridalo 4 g NaCl. Takto
pripravend vzorka sa extrahovala v oddel'ovacom lieviku
4x 15 ml rozpustadla. Po ustaleni rovnovahy sa odoberali
organické Ccasti, ktoré boli nakoniec spojené a zakon-
centrované.

Ultrazvukova extrakcia (USE)

Extrakcia zlucenin ultrazvukom prebiehala v okrthlej
200ml banke, kde sa navazilo 40 g medu, 4 g NaCl
a pridalo sa 10 ml deionizovanej vody na znizenie viskozi-
ty vzorky. Doba extrakcie bola 15 min. Po extrakcii sa
roztok prelial do separacného lieviku, pretrepal s MgSO,.
Odobrana organicka vrstva bola zakoncentrovand. Pri ul-
trazvukovej extrakcii sa sledoval vplyv 4 rozpustadiel
o objeme 60 ml, popri pentane, dietyléteri a ich zmesi sa
testoval aj dichlormetan.

Kvapalinova extrakcia s miesanim (MSE)

Extrakcia magnetickym mieSadlom prebiehala
v okruhlej banke s objemom 200 ml. Vzorka bola pripra-
vena rovnako ako pri USE, navySe sa pridalo magnetické
mieSadlo. Vzorka sa pretrepavala pri vysokych otackach
15 min. Dal§i postup tpravy ako aj pouzité rozpustadla su
totozné s predchadzajticou technikou (USE).

Vsetky extrakty ziskané extrakciou rozpustadlom
boli zakoncentrované do findlneho objemu 2 ml Kuderna-
Danishovou destilaciou.

Kazdé prekoncentracnd metdda sa vykonala v dvoch
navzajom nezavislych paralelnych vzorkach.

Plynova chromatografia s hmotnostnou detekciou

Na plynovochromatograficki separaciou sa pouzil
plynovy chromatograf Agilent 6890N so split/splitless
injektorom  vybaveny  automatickym  davkovacom
a hmotnostnym detektorom Agilent 5975B. Merania pre-
biehali na nepolarnej kolone HP-5MS s dizkou 30 m, vni-
tornym priemerom 0,25 mm a hriibkou stacionarnej fazy
0,25 um. Ako nosny plyn sa pouzilo hélium s konstantnym
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prietokom 1ml. Teplotny program bol zvoleny nasledovne:
40 °C na 15 min, prvé teplotnd rampa 2 °C min™' az do
teploty 200 °C, druha teplotnd rampa 10 °C min™' az do
240 °C, ktora sa ponechala 10 min. Celkovy ¢as analyzy
bol 109 min. Z kvapalnych extraktov sa davkoval objem
1 pl v splitless mode pri teplote injektora 220 °C. Desor-
pcia SPME pri rovnakom nastaveni injektora trvala
10 min. Teplota GC-MS prevodnika bola udrziavanid na
teplote 280 °C. Hmotnostny spektrometer pracoval v EI
mode s energiou elektréonov 70 eV. Teplota kvadrupdlu
aiénového zdroja boli zvolené na 150 °C a 230 °C. Na
analyzu sa pouzil skenovaci mod v rozsahu 29-300 m/z.
Skenovacia rychlost’ bola 2 skeny za sekundu. Data z GC-
MS sa zbierali a spracovavali pomocou softvéru Agilent
MSD ChemStation. Pri identifikacii sa vyuZzivali hmot-
nostné kniznice Wiley7n a NISTS.

Zlt¢enina bola povazovana za identifikovanu, ak
zhoda pri porovnavani s kniznicou bola vécsia ako 90 %
a zaroven sa jej identita potvrdila aj porovnanim retenc-
nych indexov z literatiry alebo dostupnymi Standardmi.
Kazdé meranie bolo uskutocnené 2x.

Vysledky a zhrnutie

Cielom prace bolo porovnat’ rozne prekoncentracné
metddy, posudit’ ich vhodnost' pri tprave vzorky medu
s ohl'adom na extrakciu prchavych zli¢enin. V tabulke st
uvedené vsetky identifikované zliceniny extrahované roz-
nymi metédami ardznymi sledovanymi rozpuastadlami/
sorbentmi.

Prvou sledovanou metédou predupravy vzorky bola
klasicka opakovana kvapalinova extrakcia, kde sa sledoval
vplyv troch roézne polarnych rozpustadiel na vytaznost’
extrakcie zlcenin. Spomedzi vSetkych testovanych metod
upravy vzorky sa kvapalinova extrakcia ukazala ako naji-
¢innejSia Co sa tyka poCtu extrahovanych zluCenin. Pri
nami zvolenych integracnych parametroch sa na chromato-
gramoch detegovalo 300 az 500 zlicenin v zavislosti od
polarity rozpustadla. Tieto patrili hlavne medzi uhl'ovodi-
ky, ¢i uz linearne (napriklad alkany C9-C19) alebo vetvené
(napriklad 2,4-dimetylpentan, 4,6-dimetyldodekan). Aj
ked’ pocet extrahovanych zlucenin je najvyssi, ich identifi-
kacia bola velmi tazkd vzhladom na velmi podobné
hmotnostné spektra a nedostupnost’ Standardov. Z tohto
dovodu je pocet pozitivne identifikovanych zlucenin pri
LLE vel'mi nizky. Z prace vyplynulo, Ze vSetky sledované
rozpustadla extrahovali rovnaké zliceniny, avSak s roznou
vytaznostou. NajlepSiu extrakénu silu preukédzal polarny
dietyléter a nepolarny pentan avsak pouzitie ich zmesi nie
je vhodné.

Druhou testovanou metoédou bola ultrazvukova extra-
kcia pri laboratornej teplote podla Alissandrakisa
a spolupracovnikov'. Podstatou tejto metody je previest
analyty z vodnej fazy vzorky do organického rozpustadla
ultrazvukovymi vinami. Na zaklade vysledkov LLE, sa pri
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extrakcii pouzili tie isté rozpustadla. Okrem nich sa testo-
val aj dichlérmetan. Zistilo sa, Ze ultrazvukova extrakcia
extrahuje podobné zluceniny ako LLE. Opét’ sa identifiko-
vali prevazne uhlovodiky (alkdny, alkény) ale aj derivaty
benzénu (xylény, etylbenzén). AvSak pocet zlienin je
v porovnani s LLE niz§i (160-450 zlucenin). Najlepsiu
extrakénu silu preukazal dietyléter, tak pri extrakcii polar-
nych ako aj nepolarnych zloziek medu.

Nakolko kvapalinova extrakcia je ucinna v pocte
extrahovanych zluc¢enin a mieSanie vzorky pri ultrazvuko-
vej extrakcii umoziuje zachytit' aj iné chemické typy zlu-
Cenin, rozhodli sme sa skombinovat’ tieto dve techniky
a vyskusat' extrakciu rozpustadlom mieSanim magnetic-
kym miesadlom pri vysokych otackach po dobu 15 min.
Pocet najdenych zlucenin zavisi od polarity rozpustadla,
najmenej (350) sa detegovalo v zmesi pentdnu a éteru,
najviac (500) v dietyléteri. To je v sulade s vysledkami
pozorovanymi pre LLE. Z hladiska G¢innosti extrakcie sa
dietyléter ukazal opét’ ako najlepsi.

V porovnani s predchadzajicimi metddami, nastal
vyrazny posun v type extrahovanych zlucenin. Okrem
uhlovodikov, derivatov benzénu, ¢i alkoholov sa podarilo
extrahovat’ aj terpény, napriklad linalool, lilac aldehydy,
hotrienol, epoxylinalool alebo B-damascendn. Tieto zlice-
niny sa dostdvaji do medu priamo z rastliny a teda st cha-
rakteristické pre jeho botanicky povod.

Poslednou Studovanou metédou bola mikroextrakcia
tuhou fazou, kde sa porovnavali rozne typy sorbentov,
polydimetylsiloxan (PDMS), polyakrylat (PA), zmes kar-
boxénu s polydimetylsiloxanom (CAR/PDMS) a polydi-
metylsiloxdn s divinylbenzénom (PDMS/DVB). Pocet
detegovanych pikov sa pohybuje v rozsahu 150 az 250
zliCenin v zavislosti od pouzitétho SPME vldkna. Toto
poznamenat, ze pocet identifikovanych zlicenin je jedno-
znaéne najvyssi v porovnani s rozpustadlovymi technika-
mi a niekedy je pomer identifikovanych k detegovanym az
1:3. V tomto pripade bola totiz identifikacia jednoduchsia
hlavne kvoli dostupnosti Standardov a €istejSim hmotnost-
nym spektram detegovanych zli¢enin. NavySe pomocou
tejto prekoncentracnej techniky sa podarilo extrahovat
Siroki  Skalu zliCenin, napriklad terpény, aldehydy
a ketony, mastné kyseliny a ich estery.

PDMS/DVB preukazal najlepsie vlastnosti pri extra-
keii prchavych zlucenin zo vzorky medu. CAR/PDMS je
vhodné, pokial’ by boli analyzy zamerané na najprchavej-
Sie zlozky, zatial' co nepolarny PDMS a polarny PA nie st
vobec vhodné stacionarne fazy na tento typ matrice.

Zaver

Ako vyplyva zo ziskanych vysledkov, vzorka medu
predstavuje vel'mi komplexnt zmes réznych organickych
zlicenin, ktoré reprezentuju prakticky vSetky chemické
skupiny. Extrakéné techniky LLE, USE a MSE sa ukazali
byt efektivne pri extrakcii linedrnych a rozvetvenych uh-
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Iovodikov, hlavne alkanov a alkénov, alkoholov alebo
derivatov benzénu. Avsak vicsinu z tychto zlucenin nebo-
lo mozné identifikovat’ kvoli nizkej zhode hmotnostnych
spektier ako aj nedostupnosti potrebnych Standardov.
Hlavnou nevyhodou tychto metod je slaba extrakcna sila
v pripade mastnych kyselin a terpénov. Jedine zliceniny
pritomné vo vyssich koncentracnych urovniach sa podarilo
spesne extrahovat. Dalou nevyhodou tychto metéd je
pouzitie Kuderna-Danishovej destilacie ako prekoncen-
tracného kroku, kde kvoli praci pri vyssich teplotdich moze
dochadzat’ k rozkladu termolabilnych zliéenin. Vo vset-
kych troch pripadoch sa ako najvhodnejSie extrakéné Ci-
nidlo ukézal polarny dietyléter vzhadom na pocet extra-
hovanych zlucenin ako aj uCinnosti extrakcie. Na druhej
strane SPME pontka komplexnt informaciu o zloZeni
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VOC pritomnych vo vzorke. Pomocou tejto techniky sa
extrahuju zluceniny so Sirokej Skaly chemického spektra,
nielen vybrané typy. V pripade charakterizacie zlozenia
vzorieck medov je vyhodné pouzit kombiniciu SPME
a MSE.

Tato praca bola financne podporena projektom VEGA
na zaklade zmluvy cislo 1/0710/10.
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1. Alissandrakis E., Kibaris A.C., Tarantilis P.A., Hari-

zanis P.C., Polissiou M.: J. Sci. Food Agric. 85, 1444
(2005).



Chem. Listy 704, s618 (2010)

ACP 2010 — Stcasny stav a perspektivy analytickej chémie v praxi

Posters

POROVNANIE EXTRAKCIE VOC ZO SLIVOVICE POMOCOU ROZDIELNYCH
SORPCNYCH TECHNIK S PDMS SORBENTOM

HANA VASARABOVA, IVAN SPANIK,
ANTONIA JANACOVA a TIBOR
JAKUBIK

Ustav analytickej chémie FCHPT STU, Radlinského 9,
812 37 Bratislava, Slovenska republika
ivan.spanik@stuba.sk

Slivovica je obl'ibeny slovensky destilat. Vyznacuje
sa svojou charakteristickou vonou a chutou. Ciel'om nase;j
prace bolo zistit” zloZenie prchavych organickych zluc¢enin
vo vzorkach slivovice komprehensivnou dvojrozmernou
plynovou chromatografiou v spojeni s TOF hmotnostnou
detekciou. Na extrakciu zliéenin sa vyuzili dve rdzne
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sorpéné techniky — mikroextrakcia tuhou fazou (SPME)
a sorpcna extrakcia na miesadielko (SBSE), pouzivajtce
rovnaky typ sorbentu, nepoldrny polydimetylsiloxdn
(PDMS). Pri headspace SPME sa extrahuju analyty
z parnej fazy vzorky, zatial’ ¢o pri SBSE sa latky sorbujii
priamo z kvapalnej fazy na miesadielko potiahnuté sorben-
tom. V praci bude prezentované porovnanie tychto dvoch
technik, ich extrakéna ucinnnost ako aj identifikované
zliceniny nachadzajlice sa vo vzorke slovenskej slivovice.

Tato praca bola podporena financnym mechanizmom
EHP na zdklade zmluvy cislo SAV-EHP-2008-02-05 a
Statnym programom SPO6KOA02 cast 2003SP200280203.
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STUDIUM INTERAKCIE LEKTIN - GLYKOKOPRpTEiN NA LEKTINOVYCH
BIOCIPOCH METODOU POVRCHOVEJ PLAZMONOVEJ REZONANCIE (SPR)
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Odhalovanie vyznamu glykozylacie proteinov suvisi
s pokrokmi v glykobiolodgii a v poslednych rokoch napred-
uje vel'mi rychlo. Glykozylacia patri medzi posttranslacné
modifikacie proteinov a v sucasnosti sa vie, ze glykoprote-
iny maju kl'icovu tlohu vo vicsine biologickych procesov
zaloZenych na bunkovom rozpozndvani ako reguldcia vy-
voja, bunkova diferenciacia , imunitna odpoved’, zapaly,
oplodnenie, interakcie patogén — hostitel’ a dalsie'. Zmeny
glykozylacie proteinov suvisia tiez s vyvojom mnohych
ochoreni v¢itane rakoviny. V sti€asnosti je zretelny velky
zaujem o vhodné analytické metody pre urcovanie glyko-
zylacie proteinov. Z technik umoziujucich stanovenie
cukrovych jednotiek na glykoproteinoch je z hladiska
cilivosti, reprodukovatelnosti aj spolahlivosti najlepSia
hmostnostna sprektroskopia (MS) v tandemovom uspo-
riadani, MS s ionizaciou elektrosprejom (ESI-MS)
a MALDI-TOF MS. Metody MS su vsak drahé a narocné
ako na cCas tak kvalifikaciu obsluhy. NavySe, zvicsa je
potrebné glykany najprv uvolnit’ a rozdelit' niektorou zo
separacnych technik (HPLC, HPAEC — vysoko vykonna
anionova vymenna chromatografia, CAE — kapilarna afi-
nitna elektroforéza)™. Alternativou je pouzitie lektinov
v kombinacii s niektorou z biorozpoznavacich technik.
Lektiny st proteiny Specificky viazice molekuly obsahu-
juce cukry. Ich pouzitim pri analyze glykoproteinov odpa-
da potreba glykany uvoltiovat’ a separovat. Modifikaciou
klasickej ELISA techniky je ELLA (enzyme-linked lectin
assay), taktiez sa pouziva lektinova afinitna chromatogra-
fia. V kombinacii s lektinami sa vSak zacinaju vyuzivat
najmd moderné bioanalytické metddy ako povrchova plaz-
moénova rezonancia (SPR), microarray a prietokova
cytometria®”.

SPR ako "label-free" metdda, teda metdda nevyzadu-
juca znacenie, je vel'mi popularna pre sledovanie interakcii
biomolekul. Ked’Ze je plne automatizovatelnd a v porov-
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nani s inymi technikami merania interakcii vyZaduje vel'mi
malé mnozstva Casto tazko dostupnych materialov, je ¢o-
raz CastejSie vyuZivand pri Studiu najroznejSich biologic-
kych systémov, vratane nizkomolekulovych zlucenin, gly-
koproteinov, oligonukleotidov, receptorov, protilatok, ako
aj virusov a intaktnych buniek®.

a-D-Manoza je jednou z Casto zabudovanych sachari-
dovych jednotiek v glykoproteinoch. Na protein moéze
naviazand na protein cez N- aj O- vdzbu v réznych Strukta-
rach (oligomandza, v komplexnej forme, v hybridnej for-
me). Zistené boli naprikkad rozdiely v glykozylacii v¢itane
manozylacie sérového a-fetoproteinu (AFP) medzi vzor-
kami od pacientov s nezhubnym ochorenim pecene
a s rakovinovym nadorom na peceni, ako aj medzi na-
dorom na peceni a nddorom zo zarodo¢nych buniek. Tieto
rozdiely sa daju zistit’ pomocou dvoch a-D-mandzu viazu-
cich lektinov, ConA a LCA”.

Pre $tidium sme vybrali 3 komer¢ne dostupné lektiny
so znamou glykospecificitou na a-D-manodzové Struktary,
ktoré perspektivne mozu sluzit' na bioanalytické stanove-
nie mandzovanych glykoproteinov, konkanavalin A
(ConA, Sigma-Aldrich), SoSovicovy lektin (Lens culinaris
agglutinin, LCA, Biogema KosSice) a hrachovy lektin
(Pisum sativum agglutinin, PSA, Biogema Kosice). Z gly-
koproteinov obsahujucich o-D-manézové Struktiry sme
pouzili invertazu, glukoamylazu (GA) a transferin (Sigma-
Aldrich). Merania sa prevadzali na pristroji Biacore 3000
(GE Healthcare).

Pre zhodnotenie pouzitel'nosti SPR metddy na kvali-
tativne a kvantitativne hodnotenie pritomnosti glykoprotei-
nov vo vzorke sa okrem pripravy samotného lektinového
bio¢ipu a optimalizdcie podmienok merania urcili diso-
ciacné konstanty Kp interakcie lektinov s prislusnymi gly-
koproteinmi. Aby interakcie boli ¢o najmenej ovplyvnené
zosietovanim susednych lektinov na povrchu ¢ipu glykop-
roteinmi (klastrovanie, "clustering")®, boli pripravené lek-
tinové bioCipy s relativne nizkou hustotou lektinov na po-
vrchu. Ako substrat pre pripravu biocipov bol zvoleny
Sensor Chip C1 (GE Healthcare). Je to Cip s karboxymety-
lovym povrchom s nizkou vdzobnou kapacitou a vd’aka
tomu, ze interakcia prebicha v blizkosti povrchu, s relativ-
ne vysokou citlivostou. Neobsahuje dextranovi matricu,
¢im sa odstranuje pripadna mozna interakcia s pouzitymi
lektinmi, ktoré vykazuju afinitu aj k D-glukozovej §trukta-
re. Modifikacia Cipu lektinmi bola prevedena metodou
navdzovania proteinov cez primarne aminoskupiny po-
strannych retazcov lyzinu a N-terminalnej Casti molekuly.
VolIné karboxylové skupiny na povrchu ¢ipu boli modifi-
kované Cerstvo pripravenym vodnym roztokom 0,2 M
EDC (1-etyl-3-[3-dimetylaminopropyl]karbodiimid hydro-
chlorid) 20,05 M NHS (N-hydroxysulfoimid kyseliny
jantarovej) (GE Healthcare), ktory bol nastrekovany 7 min s
prietokom 5 pl min™'. Zasobné roztoky lektinov [1 pg ml™
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v 10 mM pufri MES (Sigma) pH 6,1; 150 mM NaCl
(Sigma), 1 mM CaCl, a MnCl, (Merck)] boli 10krat narie-
dené do 10 mM octanového pufru pH 4,5 (GE Healthcare)
s 1 mM iénmi Ca*" a Mn®". Nariedeny roztok lektinov bol
nastrekovany na aktivovany povrch bioCipu pri prietoku
5 ul min™". Nezreagované skupiny boli nasledne blokované
nastrekom 1 M etanolaminu pH 8,0 po dobu 7 min. Refe-
rencnd drdha bioCipu bola modifikovand podobne ako
analytické drahy okrem nastreku roztoku lektinu. Vysledné
imobilizacné hodnoty lektinov boli 148.5 RU pre ConA,
347.1 RU pre LCA a 191.7 RU pre PSA. Vychadzajtc z
udajov vyrobcu Cipu, ze imobiliza¢nad hodnota 1000 RU
zodpoveda imobilizacii priblizne 1 ng proteinu na mm?,
dosiahnuté povrchové koncentracie lektinov boli pre Co-
nA 0.1485 ng mm™, pre LCA 0.3471 ng mm™ a pre PSA
0.1917 ng mm ™ . Vzdialenosti medzi jednotlivymi mole-
kulami lektinov na povrchu zodpovedajice tymto koncen-
traciam, za predpokladu rovnomernej plosnej distribucie
proteinu, boli zhruba 38,8 nm pre ConA, 15,3 nm pre
LCA a 20,6 nm pre PSA. Vzhl'adom na odhadnuta vel-
kost’ molekul lektinov, ktora by ani v pripade najvacsieho
z nich (ConA) nemala v ziadnom smere presahovat’ 9 nm
(cit.”), sa zda byt dosiahnuta hustota lektinov na povrchu
dostato¢ne nizka na zamedzenie vplyvu vzajomného sté-
rického blokovania vidzby medzi susednymi molekulami
lektinov.

Samotné interakcie boli sledované pri prietokovej
rychlosti 50 pl min~', ako interakény pufor bol pouzity
10 mM HEPES (Sigma) pH 7.,4; 150 mM NacCl; 0,005 %
detergent P-20 (GE Healthcare). Sériové riedenia glykop-
roteinov v interakénom pufri v rozsahu koncentracii 22 az
1800 pg ml™" boli nastrekované po dobu 4 min, disociacia
glykoproteinov bola sledovana d’alSich 6 min.

Pri regeneracii bioCipu sa ukazal problém s vymyvanim
naviazanych glykoproteinov z bio¢ipu a obnovenim jeho
povodnej vdzobnej kapacity. Po optimalizécii regenerac-
nych podmienok bola na vytesnenie naviazanych glykop-
roteinov pouZita metyl-o-D-manopyrandza'’, a to, z dovo-
du efektivneho odstranenia tychto glykoproteinov, vo vy-
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sokych koncentraciach (az 0,8 M). Pouzité lektiny obsahu-
ju vo sbojej strukture kationy Ca®* a Mn®*, ¢o bolo potreb-
né pri optimalizacii procesu regeneracie zohladnit''. Vy-
sledny postup regenerdcie bol nasledovny: dva po sebe
nasledujuce nastreky 0,8 M metyl-a-D-manopyrandzy vo
vode (156 s a 120 s) sluzili na vytesnenie glykoproteinov,
po nich nasledoval 60 s nastrek 1 mM i6nov Ca** a Mn*"
v MES pufri pH 6,1 (pozri vysSie) na regeneraciu aktivnej
Struktary imobilizovanych lektinov.

Na obr. 1 je ukazany senzogram interakcie GA na
LCA biocCipe. Na vyhodnotenie nameranych senzogramov
a urcenie hodnoty disocia¢nych konstant sledovanych in-
terakcii boli pouzité 2 modely metddy ustaleného stavu.
Prvym bol Langmuirov model 1:1 (oznafeny ako steady
state), druhym model zohladnujlci vzajomnt pozitivnu
alebo negativnu kooperativitu medzi receptorom a ligan-
dom s viacerymi vazobnymi miestami (steady state, Hillo-
va metoda). V tabulke I st uvedené namerané disociacné
konstanty Kp tychto Studovanych interakcii. Na d’alSich
obrazkoch su znazornené vézobné krivky pre urcenie diso-
cia¢nych konstant Kp steady state metodou s Langmuiro-
vym modelom 1:1 (obr. 2) a Hillovym modelom (obr. 3)
pre interakciu GA s LCA. Disocia¢né konStanty interakcii
glykoproteinov s lektinmi by mali klesat’ v rade Con A >
PSA > LCA". Z nami nameranych udajov sa zda byt’ naj-
silnejSia interakcia invertazy a Ciastone aj GA naopak s
lektinom LCA. Dévodom je zrejme relativne vysoka po-
vrchova hustota LCA na bioCipe v porovnani s hustotou
ConA aj PSA, ktord mohla sposobit’ vySSiu Groven klastro-
vania, najmé pre pomerne velktl molekulu invertazy obsa-
hujtcej navyse > 50 % manozy.

Podarilo sa pripravit' lektinové bioCipy, najst opti-
malne pracovné podmienky pre interakciu s glykoprotein-
mi a regeneraciu, a namerat’ disociacné konstanty Kp, interak-
cif lektin — glykoprotein, ktoré boli v rozmedzi 10~°~10"" M.
Tieto hodnoty st v stlade s uz publikovanymi hodnotami
Kp pre interakciu invertdzy a GA s ConA nameranymi
pomocou SPR na dextranovom &ipe'', a navyse st rozsire-
né o Kp pre glykoprotein transferin vyuzivany aj ako bio-

GAvs.LCA

Resp Diff (RU)

50

100 150

200

250 300 350 400 450 500

Time (s)

Obr. 1. Senzogram interakcie GA na LCA biocipe. Koncentracie GA boli 6,2 uM, 2,1 uM, 0,69 uM a 0,23 uM, kazda bola nastreknuta

dvakrat. Najvyssej koncentracii zodpoveda najvyssia odozva
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Tabulka I
Disocia¢né konStanty Kp, Studovanych interakcii
ConA LCA PSA
Kp [pM] Kp [pM] Kp [M]
(steady (steady state, (steady (steady state, (steady (steady state,
state) Hillova metoda) state) Hillova metoda) state) Hillova metoda)
invertaza 0.31 0.78 0.09 0.26 0.41 0.47
GA 2.61 3.05 1.43 4.85 5.56 3.27
transferin 1.15 13.50 6.52 24.20 14.10 3.40
GAvs.LCA
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Obr. 2. Fitovanie interakcie GA s LCA steady state metédou s Langmuirovym modelom 1:1
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Obr. 3. Fitovanie interakcie GA s LCA steady state metédou s Hillovym modelom

matker, a o interakcie s d’al§imi dvoma lektinmi Specific-
kymi na o-D-mandzu, vsetko na Cipe s karboxymetylovym
povrchom s nizkou vézobnou kapacitou pre potlacenie
efektu klastrovania. Ziskané vysledky su dobrym zékla-
dom pre bioanalytické vyuzitie lektinovych bioCipov na
stanovenie koncentracie glykozylovanych proteinov vo
vzorkach.
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Abstrakt

Metoda povrchovej plazmoénovej rezonancie (SPR)
bola pouzitd na $tidium interakcie vybranych glykoprotei-
nov (invertaza, glukoamylaza a transferin) so strukovino-
vymu lektinami konkanavalin A (ConA), SoSovicovym
(Lens culinaris agglutinin, LCA) a hrachovym (Pisum
sativum agglutinin, PSA). Lektinové bioCipy boli vytvore-
né kovalentnou imobilizaciou lektinov na karboxymetylo-
vom zlatom substrate s vyslednou povrchovou koncentra-
ciou lektinov 0,15-0,35 ng mm™. Optimalizované boli
podmienky merania ako zlozenie nosného pufra, zlozenie
regeneracného pufra a sposob regeneracie bioCipu. Name-
rané hodnoty disociacnych konstant interakcii mezi gly-
koproteinmi a lektinmi boli v rozmedzi 107°-10"7 M. Lek-
tinové bioCipy budu vyuzité na bioanalytické stanovenie
glykoproteinov vo vzorkéch.
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STANOVENIE CHEMICKEJ SPOTREBY KYSLIKA (ChSK(,) - SKUMAVKOVA
METODA PRE MALE OBJEMY VZORIEK

MONIKA KLINCOVA Experimentalna fast
INGEO-ENVILAB, s.r.0.,Bytcicka 16,010 01 Zilina, Slo- Overované parametre metody:
venska republika a) rozsah a linearita,
monika.klincova@jingeo-envilab.sk b) neistota merania,

¢) spravnost’,

Uvod NN

Na stanovenie chemickej spotreby kyslika (ChSKc,) m

sa najCastejsie pouzivaju normy: e LY
STN ISO 6060 Stanovenie chemickej spotreby kyslika - A
(pod spitnym chladicom, odmerna metdda). sl
STN ISO 15 705 Stanovenie chemickej spotreby kyslika ‘/

(ChSK). Skumavkova metoda pre malé objemy vzoriek.

Ciel'om prace bolo dokazat’ schopnost’ laboratoéria vykona-

vat skiasku podla $pecifikdcii uvedenych v STN ISO Obr. 1. Termostat HT 200S (vysokoteplotné zariadenie na mine-
15 705 a zavedenie normy do praxe. ralizaciu vzorky

Princip

Oxidovatel'né latky sa v malom skiiSobnom objeme
vzorky oxiduju s kyselinou sirovou a dichrémanom didra-
selnym v pritomnosti siranu strieborného a siranu ortutna-
tého v mineralizacnom zariadeni. Mnozstvo dichrémanu
pouzitého na oxidaciu vzorky sa stanovi meranim absor-
bancie vzniknutych i6nov Cr(III). Obr. 2. Spektrofotometer DR 2800

ChSKCr -sety

0.5

0.4

0.3

0.2

absorbancia

0.1

0.0

0.0 150.0 300.0 450.0 600.0 750.0 900.0 1050.0
koncentracia
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d) presnost’ (opakovatelnost’ a reprodukovatel'nost’)
(presnost’ nie v zmysle STN ISO 5725 - 1),

e) limit detekcie (LOD),

f) limit stanovenia (LOQ),

Pristroje a zariadenie

a) Rozsah a linearita
Graficky s vhodnym software (ADSTAT) sa zobrazi-
la zavislost’ signalu (absorbancia) na koncentracii
roztokov Standardov
(101000 mg I'"). Na zéklade subjektivnej Givahy sa uréila
hornéd a dolna hodnota pracovného rozsahu a vybrala
predpokladand linedrna oblast’. Vizualne sa posudila pri-
tomnost’ odl'ahlych hodnét, ktoré sa zahrnuli do regresie.
Vypocital sa regresny koeficient (0,99998).

b) Neistota stanovenia

Kombinovana Standardna neistota stanovenia sa urci-
la pomocou Ciastkovych neistdt a to typu A, ktora sa vypo-
Citala z opakovatelnosti stanovenia atypu B, ktora sa
nedala experimentalne urcit, ale viaze sa na zname identi-
fikovatelné  zdroje zobrazené v diagrame pricin
a nasledkov.

¢) Spravnost

Spravnost’ sa vyhodnotila z rozdielu priemeru vysled-
kov stanovenia ChSK a referencnou hodnotou priprave-
nych roztokov.

Ako akceptacné kritérium sa pouzil nasledovny vzt'ah:

—a—O0p<X—H=a +op

aj, ap — chyba hodnoty CRM, op — smerodajna odchylka
vysledkov merania.

Pri vSetkych 3 koncentraénych urovniach (20, 100, 500
mg 1) rozdiel x — p vyhovoval.

Posters

d) Presnost
(presnost’ nie v zmysle STN ISO 5725 - 1)

Opakovatelnost

Podmienky opakovatel'nosti:
— rovnaky analytik,

— rovnaky pristroj,

— kratky Casovy Usek.

Zo smerodajnej odchylky sa vypocital limit opakovatel-
nosti (r), ktorym sa posudilo, ze rozdiely medzi paralelny-
mi vzorkami za podmienok opakovatelnosti nie st
vyznamné.

Reprodukovatelnost

Podmienky reprodukovatel’nosti:
— rozli¢ni analytici,

— rozli¢né pristroje,

— rOzne laboratoria,

— dlhsi ¢asovy usek.

Zo smerodajnej odchylky sa vypocital limit reprodukova-
tel'nosti (R), ktorym sa posudilo, Ze rozdiely medzi para-
lelnymi vzorkami za podmienok reprodukovatelnosti nie
su vyznamné.

d) Limit detekcie (LOD)

Vzt'ah pre LOD:

YLob = Yo + 30

yLop — signal zodpovedajuci limitu detekcie, y, — priemer-
na hodnota signalu slepého pokusu, 6 — smerodajna od-
chylka odozvy slepej vzorky.

Vypogéitana hodnota LOD = 1,22 mg 1" ChSK.

homogenizacia priprava setov pipetacia
odber vzorky vzorky vzorky
odmerné sklo
u¢innost’ homogenizaéného kalibracia
objem vzorky pipetovanie
< mikropipeta
Cistota pridavok ¢inidiel
chemikalii
P Koncentracia
citlivost’ meradla
. , analytu
teplota kalibracia meradla spra}/n’ost R Y
. Cistota meracej zaokrdhl'ovnia
odmerné Gcinnost i vipodt
. B kyve ri odte
vplyv interferencii v PHVYP
sklo
. . . s, stanovenie vyhodnotenie
riedenie mineralizacia koncentracie vysledkov

Obr. 3. Diagram pricin a nasledkov
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Tabulka I

Priemerna hodnota ChSK, mg I”' 50 102 503 1012
Smerodajnéa odchylka opakovatelnosti (SD,) 1,9 3,5 7,6 8,3
Relativna smerodajna odchylka opakovatel'nosti (RSD;), % 3,7 3,5 1,5 0,9
Limit opakovatelnosti (r), mg 1™ 5,1 9,8 21 23
Tabulka IT

Stredna hodnota ChSK, mg 1™ 20 31 98 143
Smerodajna odchylka reprodukovatel'nosti (SDg) 2,3 1,6 6,0 8,0
Relativna smerodajna odchylka reprodukovatelnosti (RSDg), % 11 5,2 6,1 5,6
Limit reprodukovatelnosti (R), mg 1™ 6,4 4,4 17 22

ChSK-Cr - sety
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Obr. 4. Regula¢ny diagram

Tabul’ka III
ChSK [mg 1™ ]
STN ISO 6060 STN ISO 15 705
25,8 26,9
36,7 37,6
40,4 38,7
43,6 45,7
139 134
374 381
714 696

$625

e) Limit stanovenia (LOQ)

Vzt'ah pre LOQ:
YLOQ =Yo + 100

Yioq — signal zodpovedajuci limitu stanovenia, y, — prie-
merna hodnota signalu slepého pokusu, ¢ — smerodajna

odchylka odozvy slepej vzorky.

Stanovena hodnota LOQ je 3,68 mg "' ChSK.

Porovnanie vysledkov

Porovnanie vysledkov ChSK v reédlnej odpadovej vode

spracovanej podla:

— STN ISO 6060 Stanovenie chemickej spotreby kyslika

(pod spatnym chladicom, odmerna metdda).

— STN ISO 15 705 Stanovenie chemickej spotreby kyslika
(ChSK). Skiimavkové metdda pre malé objemy vzoriek.
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Tabulka IV
Zhodnotenie MPS
MPS Vzt'azna hodnota Laboratérna Relativna chyba Uspeﬁnost’
[mg 1] hodnota &~ skore Druh vody
ChSK - sety [mg 1"] z — skore
OR-CH-5/07 22,0 24,0 +9,1 A — pitna voda
+1,98
+0,73
OR-CH-8/07 98,0 99,0 +1,0 A — odpadova voda
+0,18
+0,20
OR-CH-5/08 31,0 30,0 =32 A — pitna voda
—-0,66
—-0,26
OR-CH-8/08 143 145 +1,4 A — odpadova voda
+0,60
+0,28
OR-CH-5/09 20,0 20,0 0,0 A — pitna voda
0,0
0,0

A — ziskané osvedcenie o Gspesnosti v MPS

Zabezpecenie kontroly kvality vysledkov skusok

Externa kontrola

Medzi externi kontrolu sa zarad’uji medzilaboratorne
porovnavacie skusky (MPS), ktoré patria medzi preventiv-
nu ¢innost’.

Cielom MPS je zistit™:

— sposobilost’ laboratdria vykonavat’ skusky,

— monitorovat’ a zvySovat’ spdsobilost’ prace laboratoria,

— identifikovat’ metodické problémy,

— zvySovat spolahlivost’ prace laboratdria na principe
spétnej vizby.

Interna kontrola

K internej kontrole laboratornych vysledkov ChSK sa
zarad’uju regulacné diagramy.

Kontrolna vzorka so zndmym obsahom analyzovanej zloz-
ky sa analyzovala v priebehu niekol’kych tyzdiov mini-
malne 50krat. Z nameranej hodnoty sa vypocital:

— priemer,

— smerodajna odchylka (o),

— horna a dolna varovna medza (20),

— horna a dolna regula¢na medza (30).

Z regula¢ného diagramu je vidiet’, Ze hodnoty sa nenacha-
dzaji mimo regulacnej medze a s v Statisticky zvladnu-
tom stave, tzn. Ze nedochadza k neobvyklym zoskupeniam
bodov alebo ich trendom.
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Zaver

Na zéklade ziskanych vysledkov sa potvrdila schop-
nost’ laboratoria vykonavat’ skusku ChSK podla Specifika-
cii uvedenych v STN ISO 15 705.
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STANOVENIE PODIELU OVCEJ A KRAVSKEJ HRUDKY V BRYNDZI

IZOELEKTRICKOU FOKUSACIOU

MILAN SUHAJ, MONIKA
STANKOVSKA a EMIL KOLEK

Vyskumny ustav potravinarsky, Priemyselna 4, 82475
Bratislava, Slovenska republika
suhaj@vup.sk

Uvod

Pri vyrobe mliecnych vyrobkov existujii rézne moz-
nosti kombindcie mlieénych surovin zréznych zdrojov,
ktoré mozu byt zneuzité najcastejSie nedeklarovanou za-
menou mlieénych bielkovin rézneho Zivocisneho druhu
lacnej$imi surovinami. V praxi sa jedna najCastejSie
o nedeklarované pouzitie kravského mlieka v mlie¢nych
vyrobkoch z inych zivocisnych druhov (ovdie, kozie, atd’.).
Kravské mlieko je v porovnani s inymi druhmi mliek naj-
lacnejSie, pretoze sa ziskava vo vel’kych objemoch, ¢asto i
v nadprodukcii a je dostupné pocas celého roka'”.

Podl'a Vynosu Ministerstva pddohospodarstva Slo-
venskej republiky a Ministerstva zdravotnictva Slovenskej
republiky zo 14. augusta 2006 ¢. 2143/2006-100, ktorym
sa vydava hlava Potravinového kddexu Slovenskej repub-
liky upravujuca mlieko a vyrobky z mlieka je bryndza ,,
prirodny syr, vyrdbany zo zrejuceho ov¢icho hrudkového
syra alebo zo zmesi zrejuceho ov€ieho hrudkového syra a
vykysnutého kravského hrudkového syra, alebo zo zmesi
skladovaného ovcieho syra a vykysnutého kravského hrud-
kového syra“ a musi obsahovat’ najmenej 50,0 hmotnost-
ného percenta ovéicho syra zo suiny vyrobku®’. Tato po-
ziadavka sa premietla aj do parametrov ,,Slovenske;j* bryn-
dze s chranenym oznacenim povodu®.

Detekcia nedovoleného pouzitia mliecnych bielkovin
je analyticky pomerne naro¢na a vyzaduje pouzitie Special-
nych separa¢nych technik™. Zakladajii sa obycajne elek-
troforéze na polyakrylamidovych géloch s mocovinou
(Urea—PAGE)" ! alebo dodecylsulfatom sodnym (SDS-—
PAGE)'> . Izoelektricka fokusacia (IEF)'*"" a kapilarna
elektroforéza®*'®?? bola uspe$ne pouzita na analyzu
mlieénych  bielkovin. Metéda HPLC v roznych
modifikaciach''** > a imunologické metody®*2® boli po-
dobne pouzité pre uvedené ucely. Kvantifikacia bielkovi-
novych frakcii podla Zzivoc¢isneho druhu v syroch bola
predmetom prac autorov>'*'172022 " prehradové prace
k tejto téme s uvedené v publikaciach Recio a spol.”’ a
Borkova and Snaselova™. Metddy multivariacnej predikc-
nej Statistiky na identifikaciu réznych zivocisnych bielko-
vin v syroch boli pouzité v prélci3 !

Kvantifikacia individalnych proteinov v syroch vyra-
banych z viacerych ZivociSnych druhov mlieka je kompli-
kovana v désledku rozmanitosti zlozenia mliek spdsobe-
nou genetickym polymorfizmom, zmenami pri denaturacii
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bielkovin a ich proteolyzou spdsobenou procesmi spraco-
vania mlieka a vyroby syra. V sucasnosti sa na stanovenie
pritomnosti kravského mlieka a kazeinatov v syroch vyro-
benych z ovéieho, kozieho alebo byvoliecho mlieka alebo
ich zmesi pouziva referencna izoelekrofokusacna metoda
EU aje uvedena v prilohe IX Nariadenia Komisie (ES) ¢.
273/2008, ktorym sa ustanovuji podrobné pravidla uplat-
novania nariadenia Rady (ES) ¢. 1255/1999 tykajlce sa
metdd analyzy a hodnotenia kvality mlieka a mlie¢nych
vyrobkov*?. Tuto metoédu sme modifikovali a pouzili na
kvantitativne stanovenie obsahu ovcej a kravskej hrudky
v bryndzi, pricom na izoelektrick fokusaciu sme pouzili
stripy s imobilizovanym pH gradientom.

Material a metody
Princip metody

1. Izolécia kazeinov z bryndze a referen¢nych sekundar-
nych a Standardnych vzoriek

Rozpustenie izolovanych kazeinov a vystavenie bo-
vinnej plazminovej proteolyze za ucelom zintenziv-
nenia kvantifikicie gama-kazeinov z bovinného beta-
kazeinu

Izoelektrické fokusovanie plazminolyzovanych kazei-
nov na akrylamidovych  gélovych  stripoch
s imobilizovanym pH gradientom (IPG) 3-10
Identifikacia zafarbenych y;- a y,-kazeinovych frak-
cii, denzitometrické vyhodnotenie.

2.

Vzorky bryndze

Certifikovany referen¢ny material: BCR-599 (IRMM,
Geel, Belgia) — lyofilizovany prasok zmesi ovcieho
a kozieho (50/50) tvarohu s 0 a 1% obsahom kravského
mlieka®. Sekundarny referenény material: letnd a zimna
bryndza ako modelova zmes s definovanym pomerom
kravskej a ovéej hrudky pripravena v bryndziarni Zvolen-
skd Slatina (% hm. pomer ov€ej a kravskej hrudky
v bryndzi: 0:100; 20:80; 30:70; 40:60; 45:55; 50:50;
55:45; 60:40; 70:30; 80:20 a 100:0) a komercné vzorky
letnej a zimnej bryndze nasledovnych vyrobcov: Beskyd-
sk bryndza — Milk Trade (Cesky T&sin, CR), Clever —
Zvolenska Slatina, Agrofarma — Cerveny Kame, Liptov —
Liptovska mliekaren a.s., Tatranska — Tatranska mlieka-
ref, a.s., Brysyrt — Tisovec, Bryndziaren s.r.o. — Tur¢ian-
ske Teplice, PoI'nohosp. Druzstvo — Kl'uknava

Izoléacia a plazminolyza kazeinov

Postup  izolacie kazeinov, ich  rozpustania
a plazminolyzy bol prevzaty z EU referen¢nej metody™>.
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Izoelektricka fokusacia

Izoelektricka fokusacia bola realizovana na akrylami-
dovych gélovych stripoch s imobilizovanym pH gradien-
tom pH 3-10 (ReadyStrip™ IPG, Bio-Rad Laboratories,
Inc.,USA). Stripy boli rehydratované podl'a ndvodu [34] v
timivom roztoku v ktorom bola rozpustena vzorka. Izoe-
lektrickd fokusécia bola realizovana na IEF aparatire IF-
SYS (Consort, GB) s max. vykonom pri 1500 V so zdro-
jom Consort E 833 a trvala v 1. kroku 20 min pri 700 V a
v 2. kroku 7 h pri 1500 V. Stripy boli d’alej farbené v roz-
toku Coomassie Brilliant Blue G-250 a ustalované podla
referenénej metody>. Po vysuseni boli skenované na den-
zitometri.

Denzitometrické skenovanie IPG stripov

Optickd hustota jednotlivych pasov kazeinovych
frakcii na IPG stripoch bola merana na skenovacom zaria-
deni Gel-Scanner pomocou spektrofotometra Specord M
40 (Carl Zeiss Jena, Germany) pri 634 nm (A, Coomas-
sie Brilliant Blue) srychlostou posuvu stripu v Gel-
Scanneri 30 mm min™'. Absorbancia stripov bola snimana
spektrofotometricky pri spektralnej Sirke $trbiny 15cm™,
integratnom ¢ase 1 s, zosilneni 0 a rychlosti zapisu 2 mm s™.

Statistické spracovanie vysledkov

Kalibracné zavislosti a regresnd analyza boli urobené
programom Microsoft® Office Excel 2003
(11.6355.6360). Program Q.C. Expert (Trilobyte-Q.C.
Expert, v. 2.5) bol pouzity na stanovenie detekéného
a kvantifika¢ného limitu ovcej (kravskej) hrudky v bryn-
dzi. Na vizualizéciu a Statistick analyzu nameranych vy-
sledkov boli pouzité Statistické metddy pomocou progra-
mu Unistat® v. 5.6 (Unistat Ltd., 4 Shirland Mews, Lon-
don W9 3DY, England).

Vysledky a diskusia

Modifikacia EU referencnej metddy izoelektrickej
fokusacie bola zalozena na stanoveni Styroch (dvoch ov-
¢ich a dvoch kravskych) frakcii gama-2 a gama-3 kazeino-
vych markerov. Na obr. 1 je izoelektroforeogram delenia
plazminolyzovanych proteinovych frakcii modelovej letnej
bryndze s definovanym obsahom ovcej a kravskej hrudky
na stripoch s imobilizovanym pH gradientom pH 3—11.

Na obr. 2 vidime ukazky denzitometrické¢ho zaznamu
po skenovani stripov Standardnej vzorky letnej bryndze
s obsahom 50 % ovcej a 50 % kravskej hrudky, ako aj
komer¢nej vzorky bryndze.

Po vyhodnoteni linearity kalibraénych zavislosti jed-
notlivych markerov sa ukdzalo, Ze pre kvantifikaciu po-
dielu ovcej a kravskej hrudky v bryndzi je najvhodnejsie
pouzit’ pomery uvedenych markerov vo vztahu k obsahu
ovcej a kravskej hrudky v bryndzi, obr. 3, pricom pomery
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Obr. 1. Izoelektroforeogramy Standardnych vzoriek letnej
bryndze s roznym pomerom ovéej (O) a kravskej hrudky (K)
po plazminolyze

kazeinovych frakcii boli vyuzité aj v pracach inych
autorov'®.

Z kalibracnych zavislosti pre gama-3 a gama-2 pome-
ry kazeinov opisanych kvadratickym modelom boli prog-
ramom QC Expert vypocitané medze detekcie 5,4 %
a 6,9 % a medze stanovenia 8,6 % a 11,2 % dostato¢né na
analyzu aktudlneho obsahu ovcej akravskej hrudky
v bryndze. Porovnanim kalibracnych zavislosti
(viacvzorkovy medianovy test a testovanie regresnych
Ciar) sa zistilo, Ze nie su rozdiely medzi kalibraciami letnej
azimnej bryndze. Naproti tomu multivariacna Statistika
preukézala velmi vyrazné rozdiely technik vyuZivajlcich
plazminované, resp. neplazminované kazeiny (adaje nie st
zobrazengé).

Vysledky stanovenia obsahu ovéej a kravskej hrudky
v komerénych vzorkdch bryndze technikami s vyuZitim
plazminovania vzoriek a bez plazminovej upravy, ako aj
vo vzorkach letnej a zimnej bryndze su uvedené v tab. I.
Vysledky ukazuju, ze technika s plazminovou upravou
rezultuje s nizSou vytaznostou stanovenia ovc¢ich kazei-
nov, pretoze hovidzi plazmin intenzifikuje kreovanie naj-
mé kravskych gama kazeinov z beta-kazeinu. Ked’Ze tento
plazmin posilfiuje aj tvorbu ovéich gama-kazeinov, odpo-
ria sa pouzit plazminovanie vkazdom pripade.

Standardna bryndza s 50% : 50% obsahom ovicj a kravskej hrudky

ke

|
s no
v |

Komerdna bryndza

]
i
1
{
i
i
|

pII 3 pIT pIT 10

Obr. 2. Denzitometricky zaznam stripov Standardnej vzorky
letnej bryndze s obsahom 50 % ovcej a 50 % kravskej hrudky
a komer¢nej vzorky bryndze



Chem. Listy 104, s627-s630 (2010) ACP 2010 — Sucasny stav a perspektivy analytickej chémie v praxi Posters

0

e 2
2=, EOTR
N ' = 1

2= ™ 65 |

ey R2=0,9911 | |f=—————Re=0,9971
T @ ohe ) . e :
[ ] [+ ]
o B o a5
i 5. §
= \ 2 \
P v o & T
@ | H w90 i
.gn \ -E'): \
~0 3 %
%ﬂ w 2
- >
@, g5
§2 s 10
E - s E s
g-" 2 g e s

2 ; § ! - ; : : 3 : : B

¢ W D W N D W MW W A0 10 0 10 20 2 40 5 6 70 8 9 00 1K
% pomer oviej a kravekg hrucky % pomer o a kravekej hrudky

Obr. 3. Kalibra¢né zavislosti pomernych gama-3 a gama-2 kazeinov od obsahu ovcej a kravskej hrudky v bryndzi

Tabulka I
Vysledky urcenia obsahu ovcej hrudky v komerénych bryndziach prostrednictvom stanovenia ov¢ich a kravskych y-3 a y-2
kazeinovych frakcii

Bryndziaren % ov¢ej hrudky v bryndzi *
plazminova tprava bez plazminovej upravy
bryndza (letna) bryndza bryndza (letna) bryndza (zimna)
(zimnd)
v3 B/O v2 B/O v3 B/O v3 B/O v2 B/O v3 B/O v2 B/O
(s%) (s%) (s%) (s%) (s%) (s%) (s%)
Vyrobca 1 51.8 (0.71) 48.7 (1.13) 79.2 (9.05) 78.5 (3.67)
Vyrobca 2 44.3 (1.48) 43.0 (1.27) 55.6 (2.12) 51.1(6.72)

Vyrobca3  42.9(1.48)  42.8(1.91) 424 (5.30) 47.8(3.74)  38.6(4.10) 455(1.62)  50.3(0.63)
Vyrobcad  48.7(0.11)  49.4(1.27)  45.7(2.23) 584(3.25) 64.7(0.14) 48.8(7.52)  51.7(10.8)
Vyrobca5  67.2(2.96)  59.2(1.69) 549 (3.59)  75.7(1.82)  79.0(1.13)  79.2(2.68)  79.1(5.09)
Vyrobca6  33.0(5.65) 13.9(5.16)  352(6.98) 31.6(0.97) 48.1(1.41) 265(1.97) 33.2(4.81)

Vyrobca7  40.1(2.76)  42.6 (1.91) 53.3(3.37)  47.8(5.93)
Vyrobca 8 41.7 (1.62) 492(9.19)  49.3 (4.81)
Vyrobca 9 29.7 (1.72) 50.8 (4.66)  44.8 (3.75)

?Obsah kravskej hrudky je komplementarny k obsahu ovéej hrudky v bryndzi (ovéia hrudka + kravska hrudka = 100 %)

Z vysledkov  stanovenia  obsahu  ov€ej  hrudky Tato uloha bola riesena v ramci projektu APVV
v komer¢nych vzorkach bryndze d’alej vyplyva, ze vacsina 0319-07 podporovaného Agenturou na podporu vyskumu
vyrobcov sa vyhyba vyrobe tradicnej letnej 100 % ovcej a vyvoja.

bryndze, ale konstituuje obsah ovcej hrudky v letnej
i zimnej bryndzi na trovni kdédexového limitu 50 %. Iba LITERATURA

v dvoch pripadoch dosiahol obsah ovcej bielkoviny vo 1. De La Fuente M. A, Juarez M.: Crit. Rev. Food Sci.
vzorkach bryndze hodnoty do 80 % a v jednom pripade Nutr. 563, 45 (2005).
bol hlboko pod kdédexovym limitom. 2. Herrero-Martinez J. M., Simo-Alfonso E. F., Ramis-

5629



Chem. Listy 104, s627-s630 (2010) ACP 2010 — Sucasny stav a perspektivy analytickej chémie v praxi

10.
11.
12.

13.
14.

15.
16.
17.
18.
19.
20.
21.
22.
23.

24.

Ramos G., Gel W. C., Righetti P. G.: J. Chromatogr.
A, 261, 878 (2000).

. Vynos Ministerstva pddohospodarstva Slovenske;j

republiky a Ministerstva zdravotnictva Slovenskej
republiky zo 14. augusta 2006 ¢. 2143/2006-100, kto-
rym sa vydava hlava Potravinového kodexu Sloven-
skej republiky upravujuca mlieko a vyrobky z mlieka.
Vestnik Ministerstva pddohospodarstva SR, 1, 36
(2006).

Commission Regulation (EC) No 676/2008 of 16 July
2008 registering certain names in the Register of pro-
tected designations of origin and protected geographi-
cal indications (Ail de la Drome (PGI), Vsestarska
cibule (PDO), Slovenska bryndza (PGI), Ajo Morado
de Las Pedrofieras (PGI), Gamoneu or Gamonedo
(PDO), Alheira de Vinhais (PGI), Presunto de Vinhais
or Presunto Bisaro de Vinhais (PGI)). OJ, 19, 189
(2008).

. Colak H, Aydin A., Nazli B., Ergun O.: Food Control.

905, 17 (2006).

. Recio I., Garcia-Risco M. R., Amigo L., Molina E.,

Ramos M., Martin —Alvarez P. J.: J. Dairy Sci. 1595,
87 (2004).

Carretero C., Trujillo A. J., Mor-Mur M., Pla R., Gua-
mis, B.: J. Agric. Food. Chem 1546, 42 (1994).

. Dziuba J., Nalecz D., Minkiewicz P., Dziuba B.: Anal.

Chim. Acta 17,521 (2004).

Farkye N. Y., Kiely L. J., Allshouse R. D., Kindstedt,
P. S.: J. Dairy Sci. 1433, 74 (1991).

Gobbetti M., Morea M., Baruzzi F., Corbo M. R.,
Matarante A., Considine T.: Int. Dairy Jour. 571, 12
(2002).

Mayer, H. K.: Int. Dairy Jour. 595, 15 (2005).

Basch J. J., Douglas F. W., Procino L. G., Holsinger,
V. H,, Farrell, H. J.: Dairy Sci. 23, 68 (1985).

JinY. K., Park Y. W.: J. Food Sci. 490, 61 (1996).
Amigo L., Ramos M., Calhau L., Barbosa M.: Lait
95,72 (1992).

Kim H. H. Y., Jimenez-Flores R.: Dairy Sci. 2177, 77
(1994).

Mayer, H. K., Heidler, D., Rockenbauer, C.: Int. Dairy
Jour. 619, 7 (1997).

Miralles B., Krause 1., Ramos M., Amigo L.: Int. Dai-
ry Jour. 1488, 16 (2006).

Recio 1., Amigo L., Lopez-Fandino R.: J. Chroma-
togr., B 231, 697 (1997).

Kennedy R. T., German 1., Thompson J. E., Witowski
S. R.: Chem. Rev. 3081, 99 (1999).

Cartoni G., Coccioli F., Jasionowska R., Masci M. D.:
J. Chromatogr., A 135, 846 (1999).

Miralles B., Ramos M., Amigo L.: J. Dairy Res. 91,
67 (2000).

Strickland M., Johnson M. E., Broadbent J. R.: Elec-
trophoresis 1510, 22 (2001).

Ferreira I. M., Mendes E., Marques J., Ferreira M. A.:
J. Liq. Chromatogr. Related Technol. 2057, 23 (2000).
Ferreira I. M., Mendes E., Ferreira M. A.: Anal. Sci.
499,17 (2001).

s630

Posters

25. Veloso A. C. A., Teixeira N., Ferreira I. M.: J. Chro-
matogr., A 209, 967 (2002).

Bramanti E., Sortino C., Onor M., Beni F., Raspi G.:
J. Chromatogr., A 59, 994 (2003).

Haza A. 1., Morales P., Martin R., Garcia T., Anguita
G., Gonzilez I.: J. Agric. Food. Chem. /756, 44
(1996).

Rodriguez E., Martin R., Garcia T., Hernandez P. E.,
Sanz B.: J. Dairy Sci. Res. 7197, 57 (1990).

Recio I., Ramos M., Lopez-Fandifio R.: Electrophore-
sis, 22, 1489 (2001).

Borkova M., Snaselova J.: Czech J. Food Sci. 41, 23
(2005).

Rodriguez-Nogales J. M., Vazquez, F.: Food Control
580, 18 (2007).

Commission Regulation (EC) No 273/2008 of 5
March 2008 laying down detailed rules for the appli-
cation of Council Regulation (EC) No 1255/1999 as
regards methods for the analysis and quality evalua-
tion of milk and milk products. Official Journal of the
European Union, L 88, 2008, pp. 1-115.

Lamberty A., Krause I., Kramer G. N., Pauwels
J.,Glaeser H.: The certification of two reference mate-
rials to be used for the detection of cows' milk casein
in cheeses from ewes' milk, goats' milk and mixtures
of ewes' and goats' milk CRM 599. Luxembourg :
Office for Official Publications of the European Com-
munities, 1996. 36 pp. ISBN 92-827-8980-2.

Ready Strip™ IPG Strip Instruction Manual. Catalog
No. 163-2099. Hercules : Bio-Rad Laboratories, 2008.
35 pp.

Chen F. A., Zang, J.: J. AOAC Int. 905, 75 (1992).
Commission Publication 2007/C 232/10 of an applica-
tion pursuant to Article 6(2) of Council Regulation
(EC) No 510/2006 on the protection of geographical
indications and designations of origin for agricultural
products and foodstuffs. “Slovenska bryndza” EC No:
SK/PGI/005/0427/13.10.2004. OJEC, 17,232 (2007).

Abstrakt

Stanovenie obsahu ovcej a kravskej hrudky v bryndzi
bolo realizované cestou izolacie kazeinov bryndze, plazmi-
novym Stiepenim B-kazeinu na y,- a y;-kazeiny bovinnym
plazminom, izoelektrickym delenim ovcich a kravskych
bielkovinovych frakcii na akrylamidovych gélovych stripoch
s imobilizovanym gradientom pH 3-10 a denzitometrickym
vyhodnotenim. Najlepsie analytické parametre metody boli
dosiahnuté pouzitim pomerov ov€ich a kravskych y;- a y,-
kazeinov (R? = 0,9911 a R*=0,9971). Z vysledkov §tatistic-
kého porovnavania vyplynulo, ze nemusia byt pouzité extra
kalibra¢né zavislosti pre letnt a zimnu bryndzu, avSak proces
plazminolyzy vyznamne zintenzivnil separacny proces kazei-
nov izoelektrickou fokusaciou. Z vysledkov stanovenia obsa-
hu ovéej hrudky v komerénych vzorkach bryndze vyplyva,
ze vacSina vyrobcov sa vyhyba vyrobe tradicnej letnej 100 %
ovcej bryndze, ale konstituuje obsah ovcej hrudky v letnej
i zimnej bryndzi na tirovni kédexového limitu 50 % .
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Introduction

It was reported that pro-apoptotic VE analogues in-
cluding a-tocopheryl succinate (a-TOS), a semi-synthetic
analogue of o-tocopherol, exert selective toxicity to the
cancer cells with low toxicity towards the normal cells'.
Recent studies documented anti-cancer effects of a-TOS in
various experimental models against a broad spectrum of
cancer’. Suitable formulations of the pro-apoptotic a-TOS
were not invented yet. Major disadvantage of o-TOS is its
low solubility in the aqueous environment. The hydropho-
bic character of a-TOS predetermines liposomes as suit-
able formulations. Liposomes, lipid membranous vesicles,
represent versatile and advanced nanodelivery systems for
a wide range of biologically active compounds®. These
vesicular systems have considerable potential for the en-
trapment of hydrophobic as well as hydrophilic drugs. a-
TOS can be easily entrapped into the membrane bilayers
of liposomes. For the purposes of long-term storage, the
liposome formulations are preserved and stabilised by
lyophilisation in the presence of suitable cryoprotectant.

The analysis of a-TOS and related analogues of VE is
generally performed by reverse-phase high performance
liquid chromatography (RP-HPLC), although other tech-
niques have been reported*. Isocratically methanol or ace-
tonitrile together with a low amount of water or buffer are
the most frequently employed mixtures used as the mobile
phase. The available HPLC methods have ordinarily util-
ised mass spectrometric, fluorimetric and ultraviolet (UV)
detection. Generally, the 0-TOS analysis is carried out for
the purposes of separation and identification of VE
analogues’, quantification in biological samples® especially
pharmacokinetic monitoring and biodistribution studies
and determination of cellular accumulation of the drug’.

Now, we report chromatographic analysis of a-TOS
for determination of the drug content entrapped in the lipo-
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somes and monitoring the drug stability in the lyophilised
liposomal formulation during 6-month storage period.

Experimental procedures
Preparation of a-TOS liposomes

Liposomes composed of the mixture of soy phos-
phatidylcholine (SPC) and o-TOS (molar ratio, 85:15)
were prepared by the lipid film hydration method followed
by extrusion through 0.2 pm polycarbonate filters as previ-
ously described®. The extruded liposomes were mixed with
sucrose (molar ratio lipid:sucrose, 1:5) and sterilised by
filtration through 0.22 um filters (Millex-MP Filter Unit,
Millipore). Aliquots of the liposomes (10 mg mI™" of total
lipid content) were filled into 20 ml sterile vials. These
vials with 1.5 ml of liposomes were frozen at —80 °C in
a freezer and then lyophilised using the Lyovac GT2 in-
strument (Finn-Aqua, Finland). The lyophilised samples
were stored during 6-month period at 2—8 °C for further
characterisation.

Entrapment efficiency of a-TOS

Lyophilised liposomal samples were rehydrated in 1-
month intervals with 20 mM HEPES buffer. Aliquots of
100 pl of a-TOS liposomes (1 mg ml™" a-TOS) were di-
luted with 20 mM HEPES to the final volume of 2 ml and
stirred gently. For the chromatographic analysis, the sam-
ples were prepared by ultracentrifugation at 30,000 rpm
(108,000 x g, rotor JA-30.50 Ti, Beckman) for 50 min at
4 °C (Beckman-Coulter, Avanti J-301, USA). The super-
natant containing the free drug was separated from the
sediment. The liposomal sediment was then re-dispersed in
the same volume of 20 mM HEPES buffer. The re-
dispersed sediment and the liposomes that were not centri-
fuged were frozen at —80 °C and then lyophilised for 24 h.
Both these parts of the sample were re-dissolved in the
same volume of methanol (2 ml) and vortexed. Aliquots of
10 ul were injected into the HPLC system. The entrapment
efficiency of a-TOS (EEros) trapping into liposomes was
calculated according to the following equation:

EETOS (%) = ALIP-TOS/ATOTAL-TOS x 100 (])

where App.ros represents the amount of a-TOS that lipo-
somal entrapped and ArtoraL-tos is the total amount of a-
TOS.

Analysis of a-TOS and a-tocopherol

The chromatography was carried out using a Beck-
mann Gold Noveau system (Fullerton, USA) composed of
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a 507 autosampler, a 127 binary gradient pump and a 168
diode array detector. The Agilent Eclipse XDB-C18 (150
x 4.6 mm 1.D., 4 um particle size) stainless-steel analytical
column was attached. The acidified mobile phase (0.03%
acetic acid) consisting of methanol and water (97:3 v/v)
was degassed by sonication prior to use. The separation
was carried out isocratically at the flow rate of 1.3 ml min™'
and ambient temperature. The detector wavelength was set
at 206 nm. The Gold Noveau software was used for the
data collection and analysis. The calibration graphs were
calculated by linear regression analysis of the peak area
ratio of the standard and the internal standard versus the
drug concentration of the standard. a-Tocopheryl acetate
(a-TOA) was used as the internal standard.

Results and discussion

The primary goal of this study was the development
of HPLC assay for quantification of a-TOS entrapped in
the liposomes as well as monitoring of a-TOS chemical
stability in the lyophilisates during 6-month storage pe-
riod. The composition of mobile phase was optimised in
order to prevent interfering peaks co-eluted with the com-
pounds of interest. Using this mobile phase, the separation
of a-TOS, a-TOH as a-TOS degradation product and a-
TOA used as internal standard was successfully achieved
per one chromatographic run. The retention times of these
compounds were as follows: 9.23 min for a-TOS, 10.82
min for a-TOH and 16.54 min for a-TOA. This assay
was found to be linear over the concentration range of
1-100 pg mI™ for both a-TOS and a-TOH agents with
regression correlation coefficients greater than 0.998. The
quantification of a-TOS in total formulation and liposomal
sediment by using calibration curves enables to calculate
EEros values according to the equation (/). For the lipo-
somal lyophilisates stored during 6 months, the obtained
values of EEros were higher than 90 %, thus, they indicate
successful a-TOS association with SPC membrane bilay-
ers of the liposomes. The chemical stability of liposomal
entrapped a-TOS was investigated by monitoring the level
of a-TOH. The content of a-TOH did not exceed 5 % of

Table 1
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the a-TOS content as analysed by HPLC assay. The results
of the chemical characterisation of a-TOS are summarised
in Table L.

The content of a-TOS in the liposomes determined
by HPLC was within the range of 95-105 % of the drug
concentration in the initial preparations. The data for a-
TOH content are expressed as percentages of a-TOS con-
centration in respective samples. All data represent means
of duplicate samples.

Conclusion

We developed an ultracentrifugation technique with
a lyophilisation step followed by fast and simple HPLC
assay. This procedure allowed characterising of a-TOS
trapping into the liposomal vesicles. We used an isocratic
reverse-phase HPLC with UV detection for the direct
quantification of a-TOS entrapped in liposomes. Other
published HPLC assay employed indirect quantification of
a-TOS after hydrolysis as o-TOH’. However, this method
was not suitable for the simultaneous determination of a-
TOS and a-TOH agents. It was reported that lyophilised
liposomes demonstrated instability and significant drug
degradation when lyophilisates contained about 3.5 % of
residual water content'’. In our liposomal lyophilisates, the
decomposition of a-TOS represented only about 4 % of
total a-TOS (cf. Table I), which is acceptable from the
pharmaceutical point of view. The residual water content
determined by Karl-Fischer titration method remains un-
changed in the range of 1.2—1.6 % during storage period.
These results document that a-TOS undergoes only mini-
mal hydrolysis during storage, making such formulation
applicable for clinical usage. In preclinical testing, lipo-
somal formulation of a-TOS was well tolerated by mice
and the anti-cancer effect was demonstrated”.

This work was supported in part by the grants from
Ministry of Agriculture of the Czech Republic (MZE
0002716202) to J.T. and the Academy of Sciences of the
Czech Republic (KAN200520703) to J.N. and J.T.

Chemical stability of a-TOS entrapped in liposomes after lyophilisate rehydration

Storage time (months) a-TOS content [% of initial

]

a-TOS entrapment [%] a-TOH content [%]

Initial state 100
1 103
2 101
3 97
4 98
5 97
6 95

92 1.1
92 1.6
95 2.1
91 2.9
93 39
94 4.7
94 4.9

5632
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Introduction

Nitro derivatives of polycyclic aromatic hydrocar-
bons (NPAHSs) represent an extensively studied group of
chemical contaminants due to their genotoxicity and/or
carcinogenity. Three primary sources are believed to con-
tribute significantly to the ubiquitous presence of NPAHs
in environment': (/) the industrial production; (if) NPAHs
originating as direct or indirect products of incomplete
combustion; (ii7) NPAHs formed in the atmosphere from
the gas-phase reactions of polycyclic aromatic hydrocar-
bons (PAHs) with four rings or less (generally themselves
products of incomplete combustion).

NPAHs are formed during combustion processes by
reactions of PAHs with nitrating species that are provided
by the conversion of nitrogen and oxygen at high tempera-
tures®. According to their volatility and polarity, NPAHs
are distributed between the vapor and particulate phase of
combustion gases, where usually 1-nitropyrene (1-NP), 2-
nitrofluorene (2-NF), and 3-nitrofluoranthene (3-NFt) are
the dominating substances. The gas-phase formation of
NPAHs during daylight hours relays on the attack of hy-
droxyl radicals to gaseous PAHs, followed by addition of
NO, and by water molecule elimination. Nighttime gas-
phase reaction includes rather nitrate radical addition to
the PAH followed by reaction with nitrogen dioxide and
loss of nitric acid. Typically, 2-nitrofluoranthene, 2-
nitropyrene, and 3-nitrofluorene are formed by these proc-
esses’. Other sources of NPAHs include e.g. photocopier
toners, cigarette smoke and certain food items, such as
grilled meats, teas and coffees"*’

Most frequently used methods for determination of
NPAHs are listed in several reviews'” ™ and include: (i)
Mass spectrometric techniques combined with gas chro-
matography, liquid chromatography or electron capture
mode; (ii) gas chromatography combined with the flame
ionization or the thermoionic detector, electron capture
detector, chemiluminiscence-based thermal energy ana-
lyzer or nitrogen-phosphorus selective detector; (iii) HPLC
combined with fluorescence (FD), chemiluminiscence, or
electrochemical detection (ED). The FD is applicable only
after reduction of NPAHs to amino derivatives, because

s634

NPAHs produce very low yield of fluorescence after irra-
diation by the UV light, as a result of the strong electron
withdrawing effect of a nitro group. One of the approaches
relies on the electrochemical on-line reduction of NPAHs
prior FD*’. Moreover, ED has been applied as a simple,
sensitive, and reproducible method for the reducible
NPAHSs including 1-NP using mercury/gold'™'" or glassy
carbon electrodes'?"? utilized in thin-layer'®'""* or wall-
jet'? arrangement of amperometric detectors.

In this study, an amperometric wall-jet detector with
indicator electrode based on silver solid amalgam was
employed for the detection of selected NPAHs. Solid
amalgam electrodes (SAE) were re-introduced in electro-
chemistry in the year 2000 (ref.)'*'> and represent electro-
chemically the most similar alternative to mercury elec-
trodes due to comparable cathodic potential window and
relatively high sensitivity. The reason, why SAE are in-
creasingly used, is non-toxicity of amalgam materials and
mechanical robustness which allows using them in liquid
flow systems. Among all the metals forming amalgams,
silver seems to be the best for analytes missing specific
interactions (e.g., complexation with metal cations) with
the metals of amalgam'®'’. Silver solid amalgam elec-
trodes (AgSAE) modified by mercury meniscus (m-
AgSAE) were shown to be the most convenient alternative
to mercury electrodes regarding sensitivity, limits of deter-
mination and signal repeatability for a number of organic
analytes'™'"”. The applicability of AgSAE for detection in
flow injection analysis (FIA) using wall-jet or thin-layer
arrangement was demonstrated previously for N-nitroso
antineoplastic drugs® or in HPLC after separation of se-
lected nitrophenols®'.

In this study, m-AgSAE employed as an amperomet-
ric detector in flow injection analysis (FIA) is used for
detection 5[ Initroquinoline (5-NQ). Further the separation
of tested analytes using HPLC with reversed C;g phase and
possibility of the combination of HPLC with amperometric
detection at m-AgSAE in “wall-jet” arrangement and spec-
trophotometric detection using diode array detector (DAD)
is presented. Specifically, it includes the determination of
NPAHs used as markers of incomplete combustion proc-
esses: 1-NP, 2-NF, 3-NFt, and 5-NQ as a representative of
polycyclic aromatic nitrogen[]containing heterocycles also
formed by incomplete combustion’” and recognized as
arelatively new class of environmental pollutants with
adverse health effect™.

Experimental
Reagents

The stock solution of 1-NP (purity 99 %), 2-NF (98
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%), and 3-NFt (99 %) were prepared by dissolving the
substances in 100 ml of methanol (gradient grade purity,
Merck, Prague, CZ), the stock solution of 5-NQ (99 %)
was prepared by dissolving the substance in 100 ml of
deionized water. The concentration of all stock solutions
was 1-10° mol 1", the pure substances were supplied by
Sigma-Aldrich. All stock solutions were stored in glass
vessels in the dark. It followed from a spectrophotometric
study of the stability of all stock solutions that they are
stable for at least 90 days.

Britton — Robinson (BR) buffers were prepared in
ausual way, i.e. by mixing asolution of 0.04 mol I"" in
phosphoric acid, 0.04 mol 1™ in acetic acid and 0.04 mol I"*
in boric acid with the appropriate amount of 0.2 mol 1"
sodium hydroxide solution. Borate buffer was prepared by
mixing 0.05 mol 1" of sodium tetraborate with appropriate
amount of 0.1 mol ! hydrochlorid acid to obtain pH 9.0.
Phosphate buffer was prepared by mixing 0.01 mol 1"
sodium dihydrogen phosphate with appropriate amount of
0.2 mo L' sodium hydroxide solution to obtain pH 7.0 (all
chemicals Lachema, Brno, CZ). Methanol (Merck, Prague,
CZ) of gradient grade purity was used for mobile phase
preparation. De-ionized water was produced by Milli-Qpys
system (Millipore, USA).

Apparatus

Electrochemical detector used in FIA and HPLC
measurements consisted of a platinum wire auxiliary elec-
trode, silver/silver chloride (1 mol I"' KCI) reference elec-
trode (both Monokrystaly, Turnov, CZ) and the working
electrode, m[JAgSAE with the disc diameter 2.47 mm in
three electrode arrangement used in “wall-jet” arrange-
ment. m-AgSAE was prepared from a drawn-out glass
tube, its narrow end was filled with a fine silver powder,
amalgamated by liquid mercury and connected to an elec-
tric contact'®. The exact volume of mercury (0.4 pl if not
stated otherwise) to form the meniscus of m-AgSAE was
applied by Hamilton syringe.

The FIA system consisted of linear high-pressure
pump HPP 5001 (Laboratorni pfistroje, Prague) and elec-
trochemical and spectrometric detector. ED in “wall-jet”
arrangement described earlier'® was used. Electrode sys-
tem was driven by potentiostat ADLC 2 (Laboratorni
pristroje, Prague). The working m-AgSAE was kept at
a constant potential so that the electrochemical cell served
as an amperometric detector. The distance of electrode
surface from the end of capillary was 0.5 mm. Samples
were injected using six-way valve D (Ecom, Prague). Fol-
lowing parameters for FIA determination were used: de-
tection potential —1.6 V, flow rate 4 ml min' and injected
sample volume 0.1 ml.

Volume of spectrophotometric cell was 10 pl and
optical path length was 5 mm. Output voltage corre-
sponded to 5 V per 1 A.U. (1 mV =2.10"* A.U.). The sig-
nal of spectrophotometric detection was measured at con-
stant wavelength 220 nm.

Program CSW32 version 1.4.11.06 (DataApex, Pra-
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gue), driven under operational system Microsoft Windows
98 (Microsoft Corp.), was used for data collection.

The HPLC system consisted of high-pressure pump
L-2130 HTA (Hitachi, Japan) governed by the software
EZChrom Elite (Agilent Technologies, USA) working in
Windows XP (Microsoft Corporation, USA). The column
KROMASIL (250 x 4.6 mm, 7 pm) with reversed Cig
phase (Phenomenex, Torrance, CA, USA) was used. Man-
ual injection of samples degassed for 3 min by passing of
nitrogen (purity 4.0, Linde, Prague, CZ) using 20 ul Rheo-
dyne (IDEX Health & Science, Rohnert Park, CA, USA)
injection valve was used. The diode array detector L-2450
(LaChrom Elite, Hitachi, USA) for measurement from
220 nm to 400 nm was used. The mobile phase was de-
gassed by ultrasonic bath PS 02000A (Powersonic, USA)
followed by passing nitrogen (purity 4.0, Linde, Prague,
CZ) continuously for the whole period of measurement.
The measurements were carried out at ambient laboratory
temperature (22 °C).

The pH measurements were carried out by pH meter
Jenway 4330 (Jenway, UK) with combined glass electrode
(Ag/AgCl/3 mol I KCI (type: 924005)). The pH meter
was calibrated with standard pH buffers (Sevac, Prague,
CZ). pH values refer to those of the aqueous phase, pH'
values refer to those of the resulting pH of the mixtures of
the aqueous phase with the organic solvent.

Procedures

In the case of flow injection analysis, 0.05 mol 1"
borate buffer, pH 9.0 was used as run buffer. More diluted
analyte solutions were prepared by diluting of exact vol-
ume of 5-NQ stock solution with run buffer. All samples
were deaerated with N, (5 min) before injection into flow
of run buffer. The m-AgSAE was activated before starting
the work, as well as after every pause longer than one
hour. The electrochemical activation of m-AgSAE was
carried out by insert potential —2200 mV for 300 s in the
stirred solution of 0.2 mol 1" KCI and then washed by
distilled water. No other electrochemical pretreatment was
performed prior each injection.

In the case of HPLC-ED, the mixture of 0.01 mol I'!
phosphate buffer, pH 7.0 : methanol (15:85, v/v) was used
as mobile phase. More diluted analyte solutions were pre-
pared by dilution of exact volume of the stock solutions
with mobile phase. The flow rate F,, was set at 1 ml min™
and the injected sample volume Vi, was 20 ul. The m-
AgSAE in HPLC experiments was activated by the same
way as in FIA measurements. No other electrochemical
pretreatment was performed prior each injection.

All calibration curves were measured in triplicate.
The statistical parameters of calibration curves were calcu-
lated using statistic software OriginPro 6.0 (OriginLab
Corporation, USA). The significance of the intercepts of
linear calibration dependences was tested by statistic soft-
ware ADSTAT?, which was also used to calculate the
limit of quantitation in FIA measurements.

In HPLC, the limit of detection (Lp) and limit of
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quantitation (Lq) were calculated from the peaks heights as
the concentration of an analyte which gave a signal three
and ten times the background noise (/N = 3; S/N = 10,
respectively). All the statistical data are calculated for the
level of significance o = 0.05.

Results and discussion

Flow injection analysis using m-AgSAE
as amperometric sensor

First, the conditions for determination 5-NQ were
optimized. 0.05 mol I"" borate buffer pH 9.0 medium was
used as arun buffer for FIA determination of 5-NQ. The
UV detector was also serially arranged prior to the electro-
chemical detector for the sake of comparison. Optimal
detection potential (Ey) inserted on m-AgSAE, flow rate
(Fm) of the run buffer and injection volume (Vi) were
found during the process of optimization. Firstly, the influ-
ence of the E4, on electrochemical signal was investigated.
E4 = —1.6 V was selected as optimum potential as it pro-
vides the highest signals. Further, the optimum flow rate
was investigated (Fig. 1). F, = 4 ml min™' was set as the
maximum of peak heights achieved by electrochemical
detector (and optimum for UV detector has the same
value). The injected sample volume (Fig. 2) was set at 0.1
ml, which provides the highest signal, further not increas-
ing when higher volumes are injected. This optimum value
was reached for both detectors.

Calibration dependences were measured under opti-
mized conditions in the range from 2-10"° mol 1" to 1-10™
mol 1" using ED and UV detector, they are linear within
the whole concentration range. The peak heights were
evaluated from the negative peak height obtained after
injection of blank solution into FIA system. The record
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Fig. 1. Dependence of the peak heights I, of 5-NQ (c = 1107
mol I"") on flow rate F,, (Eqet = —1.6 V) for FIA-ED determina-
tion of 5-NQ. Run buffer 0.05 mol 1" borate buffer, pH 9.0;
injected volume Vi, = 100 pl. Evaluated from peak heights
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Fig. 2. Dependence of the peak heights I, of 5-NQ (c = 1107
mol l_l) on injected volume Vi, (Egee = —1.6 V) for FIA-ED
determination of 5-NQ. Run buffer 0.05 mol I borate buffer,
pH 9.0, flow rate Fy, = 4 ml min™'. Evaluated from peak heights

peak of the ED is shown in Fig. 3. In Figure 3B detecting
the lowest attainable concentration range from 2-10™° mol I
to 1:107 mol "', there is a negative peak which is related
to the presence of oxygen in the run buffer. The system is
probably not totally hermetic and the freshly deaerated
blank solution (and the samples) has lower content of oxy-
gen than run buffer. This phenomenon was not observed for
UV detector. The Lq achieved with UV (6:10° mol I'") and
ED (3:10°mol I'") are comparable.

The HPLC-ED method for the determination
of 1-NP, 2-NF, 3-NFt, and 5-NQ

Firstly, the separation of 1-NP, 2-NF, 3-NFt, and 5-
NQ was optimized using reversed C;s phase. Mobile phase
with high content of organic phase has to be used due to
the extended aromatic system of studied NPAHs. Using
0.01 mol I"' phosphate buffer, pH 7.0 : methanol (15:85, v/
v) mobile phase, baseline separation of tested analytes was
achieved in fifteen minutes.

The detection potential E4 = —1.5 V was chosen
based on hydrodynamic voltammograms (Fig. 4) of tested
analytes and the highest signal to noise ratio. The conse-
quent decrease of peak currents /, after the height maxi-
mum at Ey is reached is caused by an increase of the
background current due to the cathodic decomposition
(i.e., hydrogen evolution) of the mobile phase. It proceeds
at relatively negative potentials due to the high content of
the organic phase in mobile phase. The noise of the system
is independent of Ey and it is about 50 nA.

Calibration dependences were measured under opti-
mized conditions within the range from 2-10” to 1-107*
mol "' using electrochemical detector and within the range
from 3-107 to 1:10™ mol 1" using diode array detector
(DAD).

Parameters for the electrochemical detector are sum-
marized in the Table I, limit of quantitation (10 S/N), is
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Fig. 3. Peaks of 5-NQ recorded with FIA-ED with m-AgSAE detector in “wall-jet” arrangement for 5-NQ concentration: (A): 2
1), 4 (2), 6 3), 8 (4) and 10 (5) -10~° mol I"", and (B): 0 (1), 2 (2), 4 (3), 6 (4), 8 (5) and 10 (6) -10~° mol I"". Run electrolyte 0.05 mol I"*
borate buffer pH 9.0, E4t =—1.6 V, flow rate Fi,, =4 ml min’l, injected volume Vi, = 100 pl

-1500 -

P’ n
.
\O

-1000

o
2/./ 54. | Bt
-500 + H;H%H/.
1,0 1,2 1,4 1,6
E ,V

det’

Fig. 4. Dependence of peak heights I, of 5-NQ (1), 2-NF (2), 1-
NP (3), and 3-NFt (4) on detection potential E,in HPLC-ED.
Concentration of each analyte 1-10* mol I"'. Mobile phase 0.01
mol 1" phosphate buffer pH 7.0 : methanol (15:85; v/v),
Fpn=1mlmin", V=20 pl

Table I

always 3.3 times higher than Lp. The achieved Lgs (from
3.0-10° mol 1" for 5-NQ to 1.0-10™* mol "' for 3-NFt) are
more than one order of magnitude than L, reported above
for FIA-ED for 5-NQ (3:10° mol I"). This may be caused
by higher noise using the high-pressure pump working in
pulse regime in HPLC rather than the linear pump used for
FIA.

Using DAD the optimum wavelength was found for
each test substance. They are listed in the Table II together
with the parameters of calibration dependences evaluated
from both, peak areas and peak heights. The noise is inde-
pendent on the wavelength and its value is about 8:107
A.U. The differences of Lp calculated at optimum A for
each compounds listed in Table II (from 0.13-107 mol 1™
for 5-NQ to 0.39:10° mol "' for 3-NFt) and for the com-
promise wavelenght of A = 227 (from 0.32:10° mol I"* for
5-NQ to 0.59-10° mol "' for 3-NFt) are about compara-
ble. The Lps were evaluated from peak heights.

Parameters of calibrations dependences for the determination of 5-NQ, 2-NF, 1-NP, and 3-NFt using HPLC-ED with

“wall-jet” m-AgSAE detector. Mobile phase 0.01 mol "' phosphate buffer pH 7.0 : methanol (15:85; v/v), Fr, = 1 ml min ™'

s

Vinj = 20 pl, detection potential —1.5 V, evaluated from peak heights

Analyte Concentration range Slope Correlation Lp Lq

[umol 1] [mA 1 mol™] coefficient [umol 1] [pmol 1]
5-NQ 20-100 -150 0.9917 9.2 304
2-NF 20-100 -99 0.9911 17.0 56.1
1-NP 20-100 -84 0.9952 28.0 92.4
3-NFt 20-100 —64 0.9943 33.0 108.9
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Table II
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Parameters of calibrations dependences for the determination of 5-NQ, 2-NF, 1-NP, and 3-NFt using HPLC-DAD. Mobile
phase 0.01 mol "' phosphate buffer pH 7.0 : methanol (15:85; v/v), F, = 1 ml min', Vinj =20 pl

Analyte A Concentration range Slope® Correlation Lp
[nm] [umol 1] coefficient [pmol 17
A - evaluated for peak height
5-NQ 220 0.3 -100 1790 0.9998 0.13
2-NF 335 0.3-100 656 0.9997 0.36
1-NP 238 0.3-100 1080 0.9996 0.22
3-NFt 233 0.3 -100 621 0.9993 0.39
B- evaluated for peak area
5-NQ 220 0.3-100 10510 0.9999 -
2-NF 335 0.3-100 5620 0.9996 -
1-NP 238 0.3 -100 13220 0.9999 -
3-NFt 233 0.3-100 7540 0.9996 —
Conclusion 4. Jacob J., Karcher W., Belliardo J. J., Dumler R.,

In this study, we focused on the FIA-ED and HPLC-
ED determination of selected nitrated aromatic compounds
using an amperometric sensor in “wall-jet” detection cell.

FIA-ED was tested using 5-NQ. Using optimized
conditions (run buffer 0.05 mol "' borate buffer of pH 9.0,
detection potential —1.6 V, flow rate 4 ml min™', injected
volume 0.1 ml), the L, obtained for FIA-ED (3-10°mol I"")
is comparable with UV detection (Lo = 6-10° mol I"").

Further, HPLC separation of 1-NP, 2-NF, 3-NFt, and
5-NQ using C;g phase was proposed in mobile phase con-
sisting of 0.01 mol I phosphate buffer pH 7.0: methanol
15:85 (v/v). Using electrochemical detection , Lps lying
mostly in the 10 moll" concentration range were
achieved, which is about 2 orders of magnitude higher
than using DAD when the optimum wavelengths for each
analyte are used. In the following measurement we will
focuse on the removal of the electronic noise from the
measurement system, which contributes significantly to
the relatively high Lps of electrochemical detection.

The project was supported by the Czech Ministry of
Education, Youth and Sports (projects LC 06035, MSM
0021620857, and RP 14/63) and by Grant Agency of
Charles University (project SVV 261 204).
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Experimental
Preparation of brached FAME model mixture

Monomethyl-branched FAME C;—C,, as a model
mixture were prepared from mixture of C4—C,; linear chain
FAME (Supelco, Bellefonte, PA, USA) by methylene in-
sertion reaction' in an apparatus by Glastrup® by using
gaseous diazomethane and UV radiation and completed by
individual C3—Cg linear chain FAME and C;—Cs mono-
methyl-branched FAMEs (Sigma-Aldrich, Germany). Re-
covery of this reaction was about 4 % of monomethyl-
branched FAME.

Preparation of biological sample

Biological sample was taken from root of the tongue
in the amount of approximatelly 50 ul. In order to avoid
the contamination of sample with food, 24 hours before
sample collection the patient took fat free food. The sam-
ple was driven to dryness at 50 °C. The lipids were ex-
tracted with 1 ml of chloroform. After removing of solvent
from the extract under stream of nitrogen at 50 °C, 200 pl
of hexane and 40 pl of methyl acetate were added and
mixed. Methyl esters of fatty acids were prepared using
100 pl of 0.5 M sodium methoxide in dry methanol and for
15 min allowed to react at room temperature with occa-
sional mixing. Then vial was cooled at —20 °C for 10 min,
added 60 pl of oxalic acid (0.5 g in 15 ml diethyl ether),
and mixed. Vial was centrifuged to settle sodium oxalate
precipitate. The upper phase with FAME solution was
used for direct analysis by GC (GC-MS).

5640

GC-MS measurements

GC-MS measurements were performed on an Agilent
Technologies 6890N gas chromatograph with a 5973 Net-
work mass-selective detector. The 1 pl of sample injection
operated at the temperature 320 °C in the split injection
mode with a split ratio 100:1 and in the splitless mode for
the standard mixture and biological sample, respectively.
The monomethyl-branched FAME mixture was separated
using capillary column 100 m x 0.25 mm I.D. coated with
a film thickness of 0.25 um of methylsilicone OV-1 as
stationary phase (Supelco). The column temperature was
30 °C initially, then the temperature was increased to 310 °C
at ramp rate of 1 ‘Cmin ', temperature was held at the final
temperature 310 °C for 5 min. Helium carrier gas with
constant flow of 1.6 ml min~' was used. The transfer line
temperature was set at 330 °C. Quadrupole conditions
were as follows: electron energy 70 eV, and ion source
temperature 230 °C. Mass spectral data were obtained in
the SIM mode. Each GC peak was inspected for constancy
of MS pattern in order to detect possible overlapping com-
pounds and to measure their retention data. The GC-MS/
SIM chromatograms were obtained for characteristic frag-
ment ions (Table I).

Retention indices

The temperature-programmed retention indices of
monomethyl-branched FAME were calculated from three
parallel measurements with an average repeatability of
+ 0.1 i.u. As standards for index calculations were chosen
linear fatty acids, having definition retention indices of
100 multiplying the carbon atom number in the molecule.
Monomethyl-branched FAME were identified on the basis
of structure-retention relationships of homomorphy factors
of individual monomethyl-branched FAME homologous
series (2-, 3-, 4-, . . ., 22- monomethyl-branched FAME)
on tshe number of carbon atoms™* and confirmed by GC-
MS”.

Results and discussion

The obtained chromatogram of GC separation of
C—Cy, monomethyl-branched FAME from methylene
insertion reaction to linear chain FAME with assigned
peaks is given in Fig. 1. It can be seen that characteristic
mixtures of all isomeric monomethyl-branched FAME
were obtained. The measured programmed-temperature
linear retention indices IIE,OV‘1 and their standard deviation
s from given chromatogram for monomethyl-branched
FAME on methylsilicone stationary phase are given in
Table I.
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Table I
Measured programmed-temperature linear indices /, of monomethyl-branched FAME on methylsilicone stationary phase
and their standard deviations s, homomorphy factors H and specific and molecular MS ions m/z

Methyl x-methyl-y-oate 1 S H MS ions m/z
X y

2- propan 353.43 0.078 53.43 57, 88, 101
3- butan 446.58 0.056 46.582 57, 88, 101
2- butan 448.28 0.075 48.28 59, 74, 101
2- pentan 541.43 0.052 41.43 57, 88, 101
3- pentan 554.92 0.048 54.92 59, 74, 101
4- pentan 561.82 0.062 61.82 55,74, 87
2- hexan 641.28 0.041 41.28 57, 88, 101
3- hexan 648.61 0.041 48.61 59, 74, 101
5- hexan 662.85 0.041 62.85 69, 74, 101
4- hexan 671.66 0.081 71.66 55,74, 87
2- heptan 740.32 0.030 40.32 57, 88, 101
3- heptan 746.53 0.066 46.53 74,75, 101
4- heptan 762.31 0.041 62.31 55,74, 87
6- heptan 763.42 0.047 63.42 74, 87, 115
5- heptan 769.87 0.057 69.87 74, 87,129
2- octan 839.18 0.066 39.18 57, 88, 101
3- octan 844.28 0.048 44.28 74,75, 101
4- octan 858.23 0.037 58.23 55,74, 87
5- octan 859.30 0.059 59.30 74,101, 129
7- octan 864.75 0.060 64.75 74,129, 157
6- octan 869.17 0.043 69.17 74, 87, 115
2- nonan 938.06 0.018 38.06 88,101, 143
3- nonan 942.77 0.032 42.77 74,75, 101
5- nonan 954.80 0.055 54.80 74,101, 129
4- nonan 955.74 0.037 55.74 55,74, 87
6- nonan 958.68 0.049 58.68 74, 87, 115
8- nonan 964.60 0.067 64.60 74, 87, 143
7- nonan 971.34 0.032 71.34 74,129, 157
2- decan 1038.41 0.038 38.41 88,101, 143
3- decan 1042.57 0.033 42.57 74,75, 101
5- decan 1052.42 0.050 52.42 74,101, 129
6- decan 1054.55 0.038 54.55 74,87, 115
4- decan 1054.71 0.033 54.71 55,74, 87
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Methyl x-methyl-y-oate 1 S H MS ions m/z
X y

7- decan 1060.71 0.068 60.71 74,129, 157
9- decan 1065.28 0.050 65.28 74, 157, 185
8- decan 1071.45 0.087 71.45 74, 87, 143
2- undecan 1137.63 0.035 37.63 88,101, 143
3- undecan 1141.77 0.035 41.77 74,75, 101
5- undecan 1150.06 0.075 50.06 74,101, 129
6- undecan 1150.90 0.094 50.90 74, 87, 115
4- undecan 1153.37 0.094 53.37 55,74, 87
7- undecan 1155.30 0.055 55.30 74,129, 157
8- undecan 1159.69 0.075 59.69 74, 87, 143
10- undecan 1165.09 0.043 65.09 149, 167, 199
9- undecan 1171.70 0.096 71.70 74, 157, 185
2- dodecan 1237.14 0.029 37.14 88,101, 143
3- dodecan 1241.01 0.018 41.01 74,75, 101
5- dodecan 1248.26 0.047 48.26 74,101, 129
6- dodecan 1248.40 0.028 48.40 74, 87, 115
7- dodecan 1251.47 0.047 51.47 74,129, 157
4- dodecan 1252.40 0.028 52.40 55,74, 87

8- dodecan 1253.98 0.058 53.98 74, 87, 143
11- dodecan 1259.65 0.045 59.65 74, 185, 213
9- dodecan 1264.88 0.038 64.88 74,157, 185
10- dodecan 1271.74 0.045 71.74 149, 167, 199
2- tridecan 1336.66 0.055 36.66 88,101, 143
3- tridecan 1340.50 0.033 40.50 74,75, 101
6- tridecan 1346.56 0.033 46.56 74,87, 115
5- tridecan 1346.93 0.033 46.93 74,101, 129
7- tridecan 1348.59 0.033 48.59 74,129, 157
8- tridecan 1349.84 0.055 49.84 74,87, 143
4- tridecan 1351.55 0.076 51.55 55,74, 87
9- tridecan 1353.77 0.076 53.77 74, 157, 185
10- tridecan 1359.32 0.076 59.32 149, 167, 199
12- tridecan 1364.86 0.033 64.86 74,199, 227
11- tridecan 1371.75 0.077 71.75 74, 185, 213
2- tetradecan 1436.21 0.033 36.21 88,101, 143
3- tetradecan 1440.10 0.032 40.10 74,75, 101
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Methyl x-methyl-y-oate 1 S H MS ions m/z
X y

6- tetradecan 1445.24 0.052 45.24 74, 87, 115
7- tetradecan 1445.92 0.031 4592 74,129, 157
5- tetradecan 1446.12 0.031 46.12 74,101, 129
8- tetradecan 1446.89 0.053 46.89 74, 87, 143
9- tetradecan 1449.61 0.030 49.61 74,157, 185
4- tetradecan 1451.02 0.052 51.02 55,74, 87
10- tetradecan 1453.20 0.020 53.20 149, 167, 199
11- tetradecan 1459.13 0.053 59.13 74, 185,213
13- tetradecan 1464.71 0.028 64.71 191, 213, 241
12- tetradecan 1471.94 0.043 71.94 74,199, 227
2- pentadecan 1535.95 0.021 35.95 88, 101, 143
3- pentadecan 1539.77 0.053 39.77 74,75, 101
6- pentadecan 1544.09 0.031 44.09 74, 87,115
8- pentadecan 1544.60 0.044 44.60 74, 87, 143
7- pentadecan 1544.81 0.054 44 81 74,129, 157
5- pentadecan 1544.96 0.031 44.96 74,101, 129
9- pentadecan 1546.49 0.021 46.49 74,157, 185
10- pentadecan 1548.93 0.032 48.93 149, 167, 199
4- pentadecan 1550.61 0.031 50.61 55,74, 87
11- pentadecan 1553.00 0.021 53.00 74, 185, 213
12- pentadecan 1559.22 0.014 59.22 74,199, 227
14- pentadecan 1564.77 0.016 64.77 227,229, 255
13- pentadecan 1572.15 0.059 72.15 191, 213, 241
2- hexadecan 1635.61 0.022 35.61 88, 101, 143
3- hexadecan 1639.50 0.035 39.50 74,75, 101
8- hexadecan 1642.96 0.059 42.96 74,87, 143
6- hexadecan 1643.18 0.058 43.18 74,87, 115
7- hexadecan 1643.60 0.059 43.60 74, 129, 157
9- hexadecan 1643.98 0.034 43.98 74,157, 185
5- hexadecan 1644.35 0.022 44.35 74,101, 129
10- hexadecan 1645.42 0.035 45.42 149, 167, 199
11- hexadecan 1648.45 0.022 48.45 74,185,213
4- hexadecan 1650.27 0.013 50.27 55,74, 87
12- hexadecan 1652.83 0.033 52.83 74,199, 227
13- hexadecan 1659.06 0.032 59.06 191, 213, 241
15- hexadecan 1664.71 0.031 64.71 74,75, 241
14- hexadecan 1672.39 0.029 72.39 227,229, 255
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Methyl x-methyl-y-oate 1 S H MS ions m/z
X y

2- heptadecan 1735.34 0.032 35.34 88, 101, 143
3- heptadecan 1739.30 0.058 39.30 74,75, 101
9- heptadecan 1741.36 0.048 41.36 74, 157, 185
8- heptadecan 1741.42 0.023 41.42 74,87, 143
6- heptadecan 1742.31 0.059 42.31 74,87, 115
10- heptadecan 1742.36 0.033 42.36 149, 167, 199
7- heptadecan 1742.42 0.023 42.42 74,129, 157
5- heptadecan 1743.76 0.048 43.76 74,101, 129
11- heptadecan 1744.93 0.033 4493 74, 185,213
12- heptadecan 1748.22 0.060 48.22 74,199, 227
4- heptadecan 1750.11 0.035 50.11 55,74, 87
13- heptadecan 1752.56 0.061 52.56 191, 213, 241
14- heptadecan 1759.14 0.023 59.14 227,229, 255
16- heptadecan 1764.72 0.063 64.72 74, 255, 283
15- heptadecan 1772.63 0.039 72.63 74,75, 241
2- octadecan 1835.10 0.039 35.10 88,101, 143
3- octadecan 1839.17 0.038 39.17 74,75, 101
8- octadecan 1840.34 0.038 40.34 74,87, 143
10- octadecan 1840.40 0.024 40.40 149, 167, 199
9- octadecan 1840.57 0.065 40.57 74, 157, 185
7- octadecan 1841.33 0.024 41.33 74,129, 157
6- octadecan 1841.68 0.038 41.68 74,87, 115
11- octadecan 1842.37 0.065 42.37 74, 185,213
5- octadecan 1843.54 0.024 43.54 74,101, 129
12- octadecan 1844.64 0.037 44.64 74, 199, 227
13- octadecan 1847.90 0.062 47.90 191, 213, 241
4- octadecan 1849.88 0.065 49 .88 55,74, 87
14- octadecan 1852.62 0.049 52.62 227,229,255
15- octadecan 1859.25 0.034 59.25 74,75, 241
17- octadecan 1864.67 0.033 64.67 43, 74,191
16- octadecan 1872.88 0.032 72.88 74, 255, 283
2- nonadecan 1934.83 0.041 34.83 88, 101, 143
3- nonadecan 1939.08 0.028 39.08 74,75, 101
8- nonadecan 1939.20 0.035 39.20 74,87, 143
11- nonadecan 1939.32 0.059 39.32 74,185,213
10- nonadecan 1939.38 0.037 39.38 149, 167, 199
9- nonadecan 1940.29 0.030 40.29 74,157, 185
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Methyl x-methyl-y-oate 1 S H MS ions m/z
X y

7- nonadecan 1940.53 0.029 40.53 74,129, 157
6- nonadecan 1941.32 0.036 41.32 74,87, 115
12- nonadecan 1941.99 0.030 41.99 74, 199, 227
5- nonadecan 1943.14 0.031 43.14 74,101, 129
13- nonadecan 1944.30 0.059 44.30 191, 213, 241
14- nonadecan 1947.75 0.034 47.75 227,229, 255
4- nonadecan 1949.70 0.037 49.70 55,74, 87
15- nonadecan 1952.43 0.060 5243 74,75, 241
16- nonadecan 1959.22 0.042 59.22 255,283

18- nonadecan 1964.62 0.046 64.62 43,74, 191
17- nonadecan 1973.06 0.051 73.06 43, 74,191

2- eicosan 2034.62 0.043 34.62 88,101, 143
10- eicosan 2037.97 0.042 37.97 149, 167, 199
8- eicosan 2038.28 0.042 38.28 74,87, 143
9- eicosan 2038.47 0.070 38.47 74, 157, 185
11- eicosan 2038.60 0.041 38.60 74, 185,213
3- eicosan 2038.79 0.070 38.79 74,75, 101
12- eicosan 2039.86 0.042 39.86 74, 199, 227
7- eicosan 2039.92 0.070 39.92 74, 129, 157
6- eicosan 2040.87 0.017 40.87 74,87, 115
13- eicosan 2041.38 0.042 41.38 191, 213, 241
5- eicosan 2042.89 0.041 42.89 74,101, 129
14- eicosan 2044.09 0.042 44.09 227,229, 255
15- eicosan 2047.57 0.040 47.57 74,75, 241
4- eicosan 2049.65 0.039 49.65 55,74, 87
16- eicosan 2052.43 0.039 52.43 74,255, 283
17- eicosan 2059.25 0.066 59.25 43, 74, 191
19- eicosan 2064.69 0.036 64.69 74,149, 191
18- eicosan 2073.28 0.034 73.28 43, 74,191
2- heneicosan 2134.41 0.037 34.41 88,101, 143
10- heneicosan 2137.03 0.038 37.03 149, 167, 199
9- heneicosan 2137.16 0.057 37.16 74,157, 185
11- heneicosan 2137.16 0.039 37.16 74,185,213
8- heneicosan 2137.36 0.039 37.36 74, 87, 143
12- heneicosan 2137.75 0.038 37.75 74,199, 227
3- heneicosan 2138.54 0.057 38.54 74,75, 101
13- heneicosan 2139.20 0.057 39.20 191, 213, 241
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Methyl x-methyl-y-oate 1 S H MS ions m/z
X y

7- heneicosan 2139.33 0.027 39.33 74, 129, 157
6- heneicosan 2140.64 0.038 40.64 74,87, 115
14- heneicosan 2141.23 0.039 41.23 227,229, 255
5- heneicosan 2142.48 0.038 42.48 74,101, 129
15- heneicosan 2143.73 0.027 43.73 74,75, 241
16- heneicosan 2147.47 0.040 47.47 74,255,283
4- heneicosan 2149.51 0.041 49.51 55,74, 87
17- heneicosan 2152.33 0.041 52.33 43, 74,191
18- heneicosan 2159.23 0.043 59.23 43, 74, 191
20- heneicosan 2164.48 0.055 64.48 74,75, 191
19- heneicosan 2173.47 0.047 73.47 74,149, 191
2- docosan 223413 0.028 34.13 88, 101, 143
10- docosan 2235.90 0.045 35.90 149, 167, 199
11- docosan 2236.04 0.046 36.04 74,185,213
9- docosan 2236.31 0.057 36.31 74, 157, 185
12- docosan 2236.44 0.057 36.44 74,199, 227
8- docosan 2236.65 0.028 36.65 74,87, 143
13- docosan 2236.99 0.057 36.99 191, 213, 241
3- docosan 2238.56 0.028 38.56 74,75, 101
14- docosan 2238.83 0.088 38.83 227,229,255
7- docosan 2238.90 0.028 38.90 74, 129, 157
6- docosan 2240.33 0.057 40.33 74,87, 115
15- docosan 2240.80 0.046 40.80 74,175,241
5- docosan 2242.37 0.057 42.37 74,101, 129
16- docosan 2242.92 0.018 42.92 74,255, 283
17- docosan 2247.21 0.058 47.21 43, 74, 191
4- docosan 2249.18 0.028 49.18 55,74, 87
18- docosan 2252.18 0.058 52.18 43, 74,191
19- docosan 2259.20 0.028 59.20 74,149, 191
21- docosan 2264.31 0.028 64.31 74,75, 191
20- docosan 2273.57 0.060 73.57 74,75, 191

Despite using a high resolution 100 m long capillary
column, gas chromatographic separation of several mono-
methyl-branched FAME were not obtained. The separation
difficulties increase with the shift of the methyl group to
the middle of the molecule carbon chain and with the in-
creasing number of monomethyl-branched FAME carbon
atoms. The most difficult separable isomers are those with
methyl substitution in the centre of molecule carbon chain
and those isomers with new position of methyl group be-
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ginning at higher number of carbon atoms.

The retention indices of gas chromatographically
unseparated monomethyl-branched FAME isomers were
calculated by MS deconvolution. GC-MS deconvolution
was performed by using of the characteristic fragment ions
formed by cleavage of the carbon-carbon bond adjacent to
the tertiary carbon atoms. Each isomer can be character-
ized by two even mass fragment ions’. As an example
consider Fig. 2, which shows the result of mass spectro-
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Fig. 1. The obtained chromatogram of GC separation of C,—
C,, monomethyl-branched FAME from methylene insertion
reaction to linear chain FAME with assigned peaks

metric deconvolution of the GC unseparated isomers 5-, 6-
, 7-, 8-, 9- monomethyl-branched C;; methyl ester. All
these isomers were mass spectrometrically deconvoluted
by detection of specific fragment ions, obtaining calcu-
lated retention times and retention indices. For the decon-
voluted 6- and 8-monomethyl C,¢ methylester pair the

Tic

Fig. 2. The result of mass spectrometric deconvolution of the
GC unseparated isomers 5-, 6-, 7-, 8-, 9- monomethyl-
branched C,s methyl ester
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11 13 5 17
number of C atoms in main acid-chain

Fig. 3. Dependence of homomorphy factors on the number of
carbon atoms of monomethyl-branched FAME homologues
series

retention time difference is only 0.04 min corresponding to
a retention index difference of 0.21 i.u.

The preliminary identification of monomethyl-
branched FAME reaction products was obtained from
measured temperature programmed linear retention indices
by structure-retention relationships based on the depend-
ence of homomorphy factors on the number of carbon
atoms for individual homologous series, i.e. for 2-, 3-, 4-, .

.20-monomethyl-branched FAME. The homomorphy
factor H is defined as the difference of retention index of
the given monomethyl-branched FAME homologue and
linear chain FAME with the same carbon atom number.
Thus, the H value characterizes the contribution of func-
tional group to retention index™*

The obtained dependence of H, = f{C,) for individual
homologous series of monomethyl-branched FAME is
presented in Fig. 3.

The preliminary identification of monomethyl-
branched FAME as model analytes obtained by methylene
insertion reaction to linear chain FAME was confirmed by
GC-MS”.

Conclusions

The mixture of all 210 possible monomethyl-
branched FAME isomers up to C,; was obtained by me-
thylene insertion reaction to linear chain C¢—C,; FAME
and completed by individual Cs—Cg linear chain FAME.
The programmed temperature GC linear retention indices
prepared compounds on OV-1 stationary phase and their
mass spectrometric characteristics were measured.

This work was supported by the Slovak Research and
Development Agency under the contract Nos. APVV-0163-
06, LPP-0198-06, and SK-AT-0014-08 and Grant Agency
VEGA under the projects Nos. 1/0297/08 and 1/0298/08.
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L. Sojak®, R. Kubinec®, J. Blasko®, G. Addova’,
L. Ostrovsky®, W. Lorenz®, and A. Amann® (* Institute of
Chemistry, Faculty of Natural Sciences, Comenius Univer-
stiy, Bratislava, Slovakia, b Martin-Luther University,
Halle — Wittenberg, Department of Chemistry, Institute of
Analytical and Environmental Chemistry, Halle, Saale,
Germany, ¢ Innsbruck Medical University, Department of
Anesthesia and General Intensive Care, Innsbruck, Aus-
tria): Linear Retention Indices of All C4-C23 Mono-
methyl-Branched Methyl Esters of Saturated Fatty
Acids on Polydimethylsiloxane Stationary Phase

Branched methylesters of fatty acids C,—C,; were
prepared by methylene insertion reaction to straight-chain
fatty acid methylesters. The programmed temperature lin-
ear retention indices of all 210 C4,~C,3 monomethylesters
of fatty acids on OV-1 stationary phase were measured
with an average repeatability + 0.1 index units (i.u.). Be-
cause of the each of standard reference materials of C4—Cy;
monomethyl fatty acids, the preliminary identification of
monomethyl ester of fatty acid was performed on the basis
of regularity the dependence of homomorphy factors on
the member of carbon atoms of individual homologous
series of positional monomethylesters of fatty acids
(FAME). The prediction of retention of isomers with new
position of methyl group beginning at higher carbon atoms
number, as well as for second, third, fourth, etc., member
of homologous series allowed the dependence. H,=f(C,)
for first, second, third, etc. members of beginning homolo-
gous of monomethyl derivatives of fatty acids me-
thylesters. The identification was confirmed by mass spec-
trometry. All gas chromatographic unseparated methyl
isomers of fatty acid methyl esters with methyl-group near
the middle of molecule carbon chain were resoluted by
mass spectrometric deconvolution using SIM-mode.
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POROVNANIE GC/MS A LC/MS NA STANOVENIE OBSAHU AKRYLAMIDU

V CEREALNYCH VYROBKOCH
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LUCIE MARKOVA™", RENATA
BELKOVA" a ZUZANA CIESAROVA®
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Uvod

Akrylamid vzniké v potravinach v procese Maillardo-
vych reakcii dominantne z aminokyseliny asparagin reak-
ciou s redukujicimi sacharidmi pri teplotach nad 120 °C.
Najvyssie koncentracie akrylamidu, Casto krat dosahujtice
koncentraciu az niekolko mgkg', boli stanovené
v pec¢enych a vyprazanych zemiakovych vyrobkoch (Cipsy,
hranolky, zemiakové placky apod.), kedZze zemiaky st
bohatym zdrojom aminokyseliny asparagin, ktora je hlav-
nym prekurzorom akrylamidu. Vyskyt akrylamidu bol
zaznamenany tieZz v cerealnych produktoch, dominantne
v pernikoch a keksoch s aplikaciou hydrogénuhli¢itanu
amoénneho ako kypriacej latky. Nezanedbatelnd je aj po-
travinova expozicia akrylamidom z kavy a kavovin.

Napriek tomu, ze doposial’ nebol jednoznacne preu-
kazany priamy suvis medzi vyskytom rakoviny u ludi
a potravinovou expoziciou akrylamidom, WHO/FAO od-
obsah akrylamidu vo svojich produktoch predovSetkym
vzhl'adom na to, Ze tato latka je Medzinarodnou agenturou
pre vyskum rakoviny (IRAC) klasifikovana ako potencial-
ny Fudsky karcinogén' a taktieZ beruc do Gvahy vysledky
niektorych novsich $tadii poukazujiicich na mozné priame
zdravotné riziko.

Legislativa SR ani EU zatial’ nestanovila limity pre
vyskyt akrylamidu v jednotlivych potravinarskych komo-
ditdch (okrem pitnej vody smaximalnym pripustnym
mnozstvom 1 pgl™). Otazka analyzy tohto procesného
kontaminantu je vSak neustidle aktudlna a venuje sa jej
dlhoro¢na pozornost’ zo strany vyskumu aj kontrolnych
orgénov prispievajucich svojimi vysledkami do eur6p-
skych databaz.

Na stanovenie akrylamidu je vhodna kvapalinova
(LC) a plynova (GC) chromatografia. Bezné detekcéné
systémy ako ultrafialovy detektor (UV, pri 200 nm)
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a pulzny ampérometricky detektor (PAD) v spojeni LC,
alebo plamenovo ionizacny detektor (FID) a detektor elek-
tronového zachytu (ECD) v spojeni s GC nie st dostatocne
selektivne pre stanovenie nizkeho obsahu akrylamidu
v potravindch vzhl'adom na jeho Struktirne vlastnosti.
Kombinacia informacii ziskanych z elu¢nych charakteris-
tik a hmotnostnych spektier patri k t¢innym prostriedkom
na identifikaciu tohto procesného kontaminantu aj
v zlozitej potravinovej matrici*”.

Pritomnost’ moznych interferencii vo vzorke znacne
komplikuje jeho stanovenie metédami HPLC-MS ako aj
GC-MS (EI). NajvhodnejSou a najviac vyuzivanou techni-
kou pre analyzu akrylamidu je spojenie LC/MS/MS
s vyuzitim trojitého kvadrupolu, ktory umoziuje spol'ahli-
vu identifikdciu akrylamidu v dosledku sledovania konfir-
macnych ionov. Obycajne sa jedna o tranzitné idny s m/z
72>55, 72>54, 72>44. Cena tejto inStrumentalnej techniky
je vsak aj najvyssia®.

Postup analyzy akrylamidu metédou plynovej chro-
matografie je Standardne zaloZzeny na derivatizacii akryla-
midu na 2,3-dibrompropiénamid a jeho extrakcii do malo
polarneho rozpustadla, pricom ako detektor sa pouziva
hmotnostny spektrometer s elektronovou ionizaciou (EI).
Této metodda je citlivd, avSak derivatizicia vzoriek je ¢aso-
vo naro¢na. Analyza akrylamidu bez derivatizacie je me-
nej asta’.

Experimentalna cast’
Vzorky cerealnych vyrobkov

V préaci boli analyzované vzorky chleba, ktoré boli
pripravené z komerénych zmesi od renomovaného sloven-
ského vyrobcu (zemiakovy, slnecnicovy a grahamovy
chlieb) s pouzitim domacej pekarnicky Moulinex Home
Bread Inox (Moulinex, Cina) a vzorky priemyselne vyra-
banych lisovanych keksov s pridavkom suseného ovocia.
Jednotlivé druhy keksov (A, B, C) sa odliSovali
v receptlre, pripadne v technologickom spracovani, kto-
rych cielom bola elimindcia vyslednej koncentracie akry-
lamidu.

Vsetky cerealne vzorky boli pred extrakciou akryla-
midu homogenizované na laboratornom homogenizatore
Grindomix GM 200 (Retsch GmbH, Hann, Nemecko).
Vzorky chleba boli okrem toho separované na jednotlivé
zakladné Casti — striedku a korku (1 mm vrchna vrstva).

Extrakcia akrylamidu

Akrylamid bol zo vzoriek extrahovany vodou a na-
sledne bol preextrahovany 3-nasobnou extrakciou do ety-
lacetatu podl'a postupu Ciesarova a kol. (2009)° modifiko-
vaného pre plynovi chromatografiu. PouZity postup extra-
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kcie bol tiez diskutovany v prispevku Bednarikova a kol.
(2009)”. K navazku vzorky (1 g) bol pridany vnutorny
Standard, znaceny 2,3,3-D; akrylamid (Cambridge Isotope
Laboratories Inc., Andover, USA) zo zakladného roztoku
o koncentracii 20 mg/100 ml (podla predpokladaného
obsahu akrylamidu a d’alSicho riedenia vzoriek: pre LC-
MS bol pridavok D; akrylamidu 50 ul z 10krat zriedeného
zakladného roztoku, pre GC-MS 10 pl zo 100 krat zriede-
ného zakladného roztoku). K vzorke bolo pridanych 9 ml
deionizovanej vody, 0,5 ml Carrezového roztoku I (150 g I
K4[Fe(CN)s] . 3 H,O) a 0,5 ml Carrezového roztoku II (300
g1 ZnS0,. 7 H,0). Vzorky boli premiesané na vortexe
a umiestnené na 5 min do ultrazvuku, nasledne centrifugo-
vané pri rychlosti 10 000 otdCok/min, teplote — 5 °C pocas
10 min. Z vodného extraktu bolo do Cistej skimavky
odobratych 5 ml, ku ktorym sa pridalo 5 ml etylacetatu.
Skumavky boli pretrepavané 1 min, po ustaleni rovnovahy
bola do cistej skimavky odobratd vrchna etylacetatova
vrstva. Extrakcia etylacetitom bola zopakovana spolu
3krat. Spojené etylacetatové extrakty boli dosucha odpare-
né na rotacnej vakuovej odparke. Pre LC-MS analyzu bol
suchy extrakt rozpusteny v 1 ml roztoku kyseliny octovej s
koncentraciou 0,2 mmol I a pre GC-MS analyzu v 1 ml
metanolu. Vzorky boli pripravené pre kazdé meranie
v dvoch paralelkach. Ako Standard bol pouzity akrylamid
analytickej Cistoty (SERVA Feinbiochemica, Heidelberg,
Nemecko).

GC-MS (NCI) podmienky stanovenia akrylamidu

Na GC-MS analyzu akrylamidu v ceredlnych vzor-
kach bola aplikovana metoda bez derivatizacie akrylamidu
s vyuZzitim negativnej chemickej ionizécie (NCI) pomocou
plynového chromatografu Agilent 7890A s hmotnostnym
detektorom MSD 5975 Inert (Agilent Technologies, USA)
podra prace Kolek a spol.® za nasledujucich chromatogra-
fickych podmienok: néstrek — split/splitless inlet, teplota
nastreku 250 °C, objem nastreku 2 pl, pulzny splitless
mod, pulzny cas 0,40 min, pulzny tlak nastreku 200 kPa,
liner — single tapered; teplotny program 60 °C (1 min),
10 °C min", 190 °C (0 min), 50 °C min™', 240 °C (2 min);
koléna DB-FFAP dizka 30 m x vnutorny priemer kolony
0,25 mm x hribka filmu 0,25 pm; nosny plyn hélium,
konstantny prietok 1,0 ml min~'. Parametre hmotnostného
MSD detektora: Interface 250 °C, i6novy zdroj 230 °C,
kvadrupdl 150 °C; SIM mod, napétie na fotonasobici 2165
V, dwell time 150 ms, negativna chemicka ionizacia (NCI)
s metanom ako reakénym plynom, snimané fragmenty
i6nov: m/z 70,1 pre akrylamid a 73,1 pre D5 akrylamid.

LC-MS/MS podmienky stanovenia akrylamidu

Na LC-MS analyzu akrylamidu v ceredlnych vzor-
kach bol pouzity HPLC systém 1200 série (Agilent Tech-
nologies, USA) s Agilent 6410 Triple Quad detektorom
vybavenym ESI iénovym zdrojom. Separacia analytu bola
vykonana na kolone Purospher® STAR RP-8ec (150 mm
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x 4,6 mm, 3 um) pouzitim izokratickej elticie mobilnej
fazy zloZenenj zo 100 ml acetonitrilu a 900 ml vodného
roztoku kyseliny perfluorooktanovej (0,05 mmol 1)
s prietokom 0,5 ml min~' pri laboratérnej teplote miestnos-
ti klimatizovanej na 25 °C. Parametre ESI-MS-MS systé-
mu boli zaloZené na tvorbe protonovanych molekulovych
i6nov z akrylamidu a vnttorného S§tandardu, D; akrylami-
du, anaslednou indukovanou koliziou boli produkované
$pecifické fragmenty ionov. Tento typ experimentu sa
oznacuje ako MRM (multiple reaction monitoring — viac-
nasobné reakéné monitorovanie). Sledované boli precho-
dy: prechod pre akrylamid: 72 — 55 a prechod pre Ds
akrylamid: 75 — 58. Dalsie parametre pouZité pre analyzu
akrylamidu v ESI+ moéde: prietok susiaceho plynu (N,) 11
1 min™", teplota splynenia 350 °C, tlak rozprasovania 345
kPa, napdtie v kapilare 2,5 kV, napétie fragmentora 80 V,
kolizna energia 5 V, zdrzanie (dwell) 50 ms.

Vysledky a diskusia

Akrylamid je nizkomolekulovéa hydrofilné zlii¢enina,
preto je extrakcia vodou optimélna. Rozpustnost’ akrylami-
du vo vode je 2155g1™" (pri 30 °C). V alkoholoch je
o &osi nizia, v metanole 1550 g1 a v etanole 860 g 1.
Akrylamid je rozpustny aj v inych polarnych organickych
rozpustadlach, napr. v acetonitrile (396 g1™"), etylacetate
(126 g17") alebo aceténe (63 g 1),

K vzorke bol pridavany vnttorny Standard, ktory
umoznoval kompenzovat’ straty analytu po€as predipravy
vzorky. Pri navrhu extrakcie akrylamidu z cerealnej potra-
vinovej matrice sa vychadzalo zpostupu pre stanove-
nie LC-MS/MS, ¢ize jednoduchej vodnej extrakcie
s naslednou reextrakciou do etylacetatu, ktory poméhal
odstranovat’ pritomné soli z realnej matrice, ktoré spdsobo-
vali zhaSanie signalu (tzv. ,,ion-suppression®) v pouZzi-
tom i6novom zdroji.

Modifikacia uvedeného postupu pripravy vzorky pre
GC-MS analyzu spocivala vo findlnom rozpusteni suchého
etylacetatového odparku v metanole pred samotnym na-
strekom. Na zaklade predchadzajucich studii Koleka
a spol.®, bola bezne pouzivana derivatizacia vzoriek, ktora
je vSeobecne odportacana pre stanovenie akrylamidu GC/
MS pouzitim klasickej elektronovej ionizacie, Uspesne
nahradena metodou s vyuzitim negativnej chemickej ioni-
zacie (NCI). Pre uvedent metddu je charakteristickd vyso-
ka citlivost’ pre latky obsahujice elektronegativne atomy,
priCom ostatné latky pri tomto spdsobe ionizacie signal
neposkytuju. Stanovovany akrylamid sa takto Stiepi na m/z
70,1, resp. 73,1 pre D; akrylamid. Pri tomto spdsobe ioni-
zacie sa interferencia s koelujucimi latkami nepozorovala
(obr. 1). Pri pouziti techniky SIM bol LOD 5 ugkg”
aLOQ 10 pgkg™.

Namerané vysledky vyuzitim LC-MS/MS a GC-MS
boli zhodnotené a porovnané pomocou Anova na hladine
pravdepodobnosti alfa 0,05. Rozdiely medzi hodnotami
akrylamidu stanovenymi jednotlivymi chromatografickymi
technikami neboli Statisticky vyznamné.
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Obr. 1. Chromatograficky zaznam analyzy akrylamidu v cerealnych vzorkach metédou GC/MS/NCI

Tabulka I
Porovnanie stanovenia obsahu akrylamidu v ceredlnych
vzorkach plynovou a kvapalinovou chromatografiou

Akrylamid®®  Akrylamid““

[ngke'l  [wgkg]
Chlieb zemiakovy 44+10 54+£5
Chlieb zemiakovy, striedka 29+1 2445
Chlieb zemiakovy, korka 84+7 90+7
Chlieb slne¢nicovy 19+1 19£2
Chlieb slnecnicovy, striedka 17£2 21+11
Chlieb slnecnicovy, korka 50+6 50£2
Chlieb grahamovy 22+11 25+2
Chlieb grahamovy striedka 1245 201
Chlieb grahamovy korka 32+4 28+5
Keksy so susenym ovocim A 709+£25 623+5
Keksy so susenym ovocim B 1087+£32 1059+13
Keksy so susenym ovocim C 1461+£58 1474+2
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Zaver

Porovnanie vysledkov stanovenia akrylamidu jednot-
livymi chromatografickymi technikami demonstrované
v tejto praci je vyznamné z dévodu zabezpecenia ich moz-
nej suplementacie vzhl'adom na aktudlnu potrebu rieSenia
mnohych projektov zaoberajucich sa problematikou elimi-
nacie akrylamidu v potravinach a dostupnosti oboch tech-
nik na pracovisku VUP v Bratislave. Na zaklade namera-
nych vysledkov obsahu akrylamidu vo vybranych druhoch
cerealnych vzoriek v Sirokej Skale obsahu akrylamidu, od
nizkych koncentrécii v chlebe blizko LOD = 10 ug kg™ az
po takmer 1500 pug kg™ v sladkych keksoch, mozno pova-
zovat’ obe chromatografické metédy za porovnatelné
a vhodné na stanovenie obsahu tohto procesného kontami-
nantu v ceredlnych vyrobkoch.

Tato publikdcia bola vytvorend realizdciou projektu
,, Centrum excelentnosti pre kontaminujuce latky a mikro-
organizmy v potravindch “ na zdklade podpory operacného
programu Vyskum a vyvoj financovaného z Eurdpskeho
fondu regiondlneho rozvoja. Tato prdaca bola podporovand
tiez Agenturou na podporu vyskumu a vyvoja na zaklade
zmluvy ¢. VMSP-P-0089-09.
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Abstrakt

Akrylamid je znamy procesny kontaminant vznikaja-
ci v Sirokom sortimente potravinarskych vyrobkov pocas
ich tepelného spracovania. Cerealne vyrobky napriek ty-
picky nizSiemu obsahu akrylamidu podl'a najnovsich stadii
prispievaju vyznamne k celkovej potravinovej expozicii
akrylamidom. V centre pozornosti su najmé zakladné po-
traviny ako je chlieb, ale aj bezne konzumované sladké
vyrobky ako su keksy.

Prezentovana praca demonstruje vhodnost’ pouzitia
oboch chromatografickych technik, kvapalinovej ako aj
plynovej chromatografie s hmotnostnou detekciou, na
analyzu akryalmidu v réznych druhoch cerealnych vyrob-
kov. Vo vzorkéch keksov bol stanoveny obsah akrylamidu
od 623 pg kg™ do 1474 ng kg™'. Akrylamid sa v analyzo-
vanych vzorkidch chleba vyskytoval dominantne v korke
v koncentrécii od 28 pg kg™ do 90 pg kg ™.
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Uvod

Sladka syrovatka je vedlejSim produktem pfi vyrobé
syru. Je dalezitym zdrojem laktosy, vapniku, mlécnych
proteinti a rozpustnych vitamind, které zpisobuji, Ze tento
produkt miize byt zahrnut mezi funkéni potraviny a zdroj
plnohodnotnych Zivin'. Laktosa se vyskytuje vyhradng
v mléce savcl a je hlavni slozkou syrovatky. Ma nejveétsi
podil na suSiné syrovatky, nebot’ tvoii 70 az 80 %
z celkové susiny”.

Laktosa existuje ve dvou izomernich forméach, o-lak-
tosa a p-laktosa®. Oba izomery se li§i prostorovym uspofa-
danim hydroxylovych skupin na C atomu v glukosové
molekule a tim také v rozpustnosti, tvaru krystald, bodu
tani a fyziologickych ucincich. B-Laktosa je hygroskopic-
ka a je tedy pii¢inou hygroskopiénosti susené syrovatky”.

Laktosa patii do skupiny oligosacharidi;; ma sladkou
chut’, ale jeji sladivost je oproti sacharose vyrazné nizsi
(asi 40 % sladivosti). Jeji konzumace vede ke zvySeni hla-
diny glukosy v krvi; na rozdil od sacharosy mé ale mensi
kariogenni (kazotvorné) a laxativni (projimavé) adinky®.
Laktosa je disacharid skladajici se ze dvou mole-
kul monosacharidii galaktosy a glukosy. K jeji syntéze
dochazi pouze v mlééné 7laze® a na monosacharidové jed-
notky je hydrolyzovana v tenkém stievé pomoci enzymu
laktasy®”.

Pokud se snizi nebo zcela vymizi produkce tohoto
enzymu v kartdcovém lemu tenkého stieva, dochdzi k defi-
cienci laktasy neboli laktosové intoleranci®.

Laktosova intolerance neni na rozdil od alergie zpi-
sobena reakci imunitniho systému, ale je poruchou meta-
bolickou. Pii nedostatku nebo tiplné absenci laktasy ztsta-
va mlécny cukr v tenkém stievé casteéné nebo zcela neroz-
Stépen. Osmotickym efektem na sebe pak vaze velké
mnozstvi vody z krevni plazmy, obsah stfeva se tim vyraz-
né¢ zvysi. Vtlustém stfevé pak rozkladaji laktosu
v traveniné stfevni bakterie, za vzniku velkého mnozstvi
fermentovanych plynd®. Typickymi piiznaky laktosové
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intolerance jsou bolesti bficha, nadymani, plynatost, kiece,
prijmy a zvraceni”'’. Symptomy se objevuji zpravidla pil
hodiny po konzumaci laktosy a mohou trvat az tfi dny.
Doba trvani a intenzita piiznakt zavisi na mnoZzstvi pozité
laktosy a na mife deficitu enzymu laktasy. Laktosové into-
lerance mize v jistych ptipadech zplsobovat zazivaci obti-
ze. V ojedinélych pfipadech, se mohou rodit déti bez
schopnosti produkovat laktasu. U vétSiny lidi se snizuje
schopnost tvorby laktasy postupem cCasu. Okolo dvou let
veku zacina télo snizovat tvorbu laktasy, ackoli mnoho lidi
nevykazuje symptomy laktosové intolerance i ve vysSim
véku. U vice nez 75 % dospélych lidi se vyskytuje laktoso-
va intolerance, zejména u afroameri¢anti a indiani a ne-
snagenlivosti laktosy trpi az 90 % asiati''. JelikoZ je rych-
lost prichodu traveniny stievy znacné zvySend, muze
sekundarné dochazet ik snizené digesci a resorpci nékte-
rych daldich Zivin'2., Byl také zjistén vliv mezi alkoholem
a laktosou. Po pfeméné laktosy na glukosu a galaktosu, je
galaktosa pfeménéna na glukosu v jatrech pomoci epime-
rasy. Pravé tento enzym je viak inhibovéan etanolem'’.

Fermentace laktosy

Mnoho organismi vyskytujicich se v mléce vyuziva
mlécny cukr laktosu jako hlavni zdroj uhliku a jako zdroj
energie pro svij rust. Z biotechnologického hlediska jsou

mléka bakteriemi mlé¢ného kvaSeni dochéazi ke zvySeni
trvanlivosti vyrobki, ke zméné ,,flavouru™ a konzistence.
NejbéZznéjsimi vyrobky ziskanymi fermentaci mléka jsou
jogurty a kefiry. Jogurty jsou vyrabény symbiotickym
uéinkem dvou typt bakterii mlééného kvaseni a to: Strep-
tococcus thermophilus a Lactobacillus delbriieckii ssp.
bulgaricus". Bakterie mlééného kvaseni preméuji laktosu
na kyselinu mlécnou a tim ziskava jogurt typické jogurto-
vé aroma a nakyslou chut’. Charakteristickd krémova kon-
zistence jogurtd je také dana vznikajici kyselinou mlécnou,
protoze kasein, hlavni mlécnéd bilkovina, je nerozpustna
v hodnotach pH kolem izoelektrického bodu (IEB)'.

Termofilni bakterialni kultury

Bakterie mlééného kvaseni fermentuji laktosu dvéma
metabolickymi cestami. Pfi prvé z nich, uplatiiujici se pre-
dev§im u rodu Lactococcus, je laktosa transportovana do
bun€k fosfoenolpyruvat dependentnim fosfotransferaso-
vym systémem a hromadéna zde jako laktosa-6-fosfat,
ktery je hydrolyzovan 6-fosfo-f-D-galaktosidasou za vzni-
ku glukosy a galaktosa-6-fosfatu. Tyto jsou nasledné meta-
bolizovany na kyselinu mlécnou. Pii druhé cesté, uplatitu-
jici se predevsim u rodu Lactobacillus, je laktosa akumulo-
vana specifickou permeasou a pak intracelularné hydroly-
zovana [-galaktosidasou na glukosu a galaktosu. Glukosa
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je metabolizovana na kyselinu mlécnou, zatimco galaktosa
je uvoliovana do média'”.

Mezi termofilni bakterie mlécného kvaseni patii rody
Lactobacillus, Sreptococcus a Bifidobacterium. Rod Lac-
tobacillus je anaerobni ¢i fakultativné anaerobni, energii
ziskdva kvasnymi pochody. Charakteristickym znakem je
homofermentativni nebo heterofermentativni rozklad glu-
kosy za vzniku kyseliny mlécné. Laktobacily vyzaduji ke
svému rastu rizné ristové faktory (aminokyseliny, pepti-
dy, mineralni latky, vitaminy, sacharidy, mastné kyseliny,
derivaty nukleovych kyselin).

Rod Streptococcus je znacné rozsahly. Zastupci toho-
to rodu jsou fakultativné anaerobni, pro rust vyzZaduje pro-
stfedi s aminokyselinami a sacharidy, které jsou homofer-
mentativné zkvaSovany na L(+) kyselinu mlé¢nou. Rod
obsahuje i druhy patogenni pro ¢lovéka i druhy tvorici kul-
turni mikrofléru vyuzivanou v mlékarenském primyslu'”.

Syrovatka

Syrovatka je vedlejsi produkt, ktery vznika pfi vyrobé
syru. Na kazdy kilogram vyrobeného syra pfipada bezmala
10 litrti syrovétky. Diky velkému objemu vyrobené syro-
vatky je laktosa v ni obsazena vyuzivana po celém svéte.
Laktosa je hlavni sloZkou, v koncentraci cca 5 %. VéEtSinou
je laktosa ziskavana ze syrovatky susenim, ale tento proces
suseni je ekonomicky naro¢ny z divodu spotieby velkého
mnozstvi energie. Laktosa obsazena v syrovatkovych kon-
centratech je pouZivdna zejména v pekafstvi, mlékarstvi
a pii vyrobé cukratskych vyrobkd a v neposledni fadé pfi
vyrobé kojenecké vyzivy. VétSinou se do té€chto vyrobkl
pridava laktasa, aby doslo k hydrolyze disacharidu laktosy,
¢imz se predejde problémim zplisobenymi Castym vysky-
tem laktosové intolerance. Alternativni vyuziti laktosy
spociva v jeji pfeméné na biomasu, etanol nebo dalsi fer-
mentované produkty'®.

Regenim pro osoby s laktosovou intoleranci mize byt
konzumace fermentovanych mléénych vyrobkt obsahuji-
cich zivé bakterie mlééného kvaseni. Fermentované mléc-
né vyrobky maji také snizeny obsah laktosy, ¢imz se stava-
ji i pti nesnasenlivosti laktosy lépe stravitelnymi'’.

Experimentalni ¢ast

Podstatou prace bylo sledovani zmén obsahu laktosy
v syrovatce a ve vzorcich kravského mléka béhem fermen-
tace termofilnimi mlékarskymi kulturami.

Hlavni surovinou byla pii ptipravé fermentované
syrovatky suSend syrovéitka Lactosérum z Jihlavské mlé-
karny Moravia Lacto a.s, ktera byla rozmichana v teplé
pitné vodg, a to vzdy 10 g syrovétky ve 100 ml teplé pitné
vody. U vSech vzorkt syrovatky nasledovala pasterace pfi
teplot€ 78 °C po dobu 30 sekund.

Pro ptipravu vzorki fermentované¢ho mléka byly
odebrany individudlni reprezentativni vzorky mléka mléc-
ného plemene skotu Holityn z demonstraéni staje CZU.
Ihned po odbéru bylo mléko filtrovano pfes mlécny filtr
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a chlazeno co nejrychleji na teplotu 6 °C. Z promichaného
mléka byl oddé€len reprezentativni vzorek (1,4 litru), ktery
byl prelit do nerezové sterilni nadoby. Pfed rozborem byly
vzorky mléka pasterizovany vysokou pasteraci (na teplotu
85 °C po dobu 5 sekund), poté bylo mléko zchlazeno na
teplotu kultivace. Mléko bylo diikladn¢ promichéno a byl
oddélen prvni vzorek oznaceny jako 0 (mléko bez kultury),
dalsi vzorky byly zaockovéany kulturou a vlozeny do ter-
mostatu na potfebnou teplotu. Vzorek oznaceny jako 0+ je
vzorek zaockovany kulturou a ihned odebrany
k laboratornimu hodnoceni, dals$i vzorky byly odebirany
v ruznych cCasovych intervalech dle kultury. Oznaceni
vzorkl bylo shodné i v ptipadé vzorkd syrovatky.

Na ziklad¢ konzultaci s odborniky z Vyzkumného
Gstavu mlékarenského (VUM) byla doporutena susena
smésna jogurtova kultura, ktera je tvofena kmeny: Lacto-
bacillus delbriieckii subsp. Bulgaricus a Streptococcus
thermophilus. Vzorky samotné syrovatky a mléka byly za
aseptickych podminek oc¢kovany touto termofilni kulturou
(1% zékys) a kultivovany pii 43 °C po dobu 4 hodin. Doba
kultivace je vyrobcem (VUM) doporuéena u téchto typt
jogurtové kultury 3,5 az 4,5 hodiny.

V experimentu byly v pfesnych hodinovych interva-
lech béhem fermentace odebirany vzorky syrovatky a mlé-
ka a byly sledovany zmény obsahu laktosy pomoci kapali-
nové chromatografie (HPLC chromatograf Varian). Na
analyzu byla pouzita analytickd kolona AminexR HPX-
87H, 300 x 7,8 mm, mobilni faze 0,005M H,SO,, pritok
0,6 ml/min, teplota kolony 65 °C, detekce refraktometricka
a teplota detektoru 35 °C.

Pomoci HPLC byly analyzovdny pfi podminkach
metody filtraty, ziskané zfiltrovanim roztoku ptipraveného
z 10 g mléka navaZeného s presnosti na 0,0002 g do od-
mérné banky smichaného s ¢asti destilované vody (cca
30 ml), poté byly do roztoku pfidany 3 ml roztoku ferro-
kyanidu draselného (CAREZ II) a po promichani 3 ml
siranu zinec¢natého (CAREZ 1), po dalsim promichéani se
odmérna banka doplnila do 100 ml destilovanou vodou. Po
5 minutach byl roztok pfipraven k filtraci, kdy prvé podily
filtratu byly oddé€leny a vylity. Vzorky roztokd monohyd-
ratu laktosy o definované koncentraci (2, 3, 4, 5, 6 %) pro
kalibra¢ni ktivku byly pfipraveny stejnym zpisobem jako
realné vzorky.

Na zéklad¢ ziskanych vysledkd bylo diskutovano
pfipadné doporuceni takovychto fermentovanych syrovéat-
kovych napojl pro osoby trpici laktosovou intoleranci.

Vysledky a diskuse

Po pfidani jogurtové kultury do vzorkl mléka byl
zaznamenan lehky nartst koncentrace laktosy, zejména po
pridani inokula. Toto mirné zvySeni obsahu mize byt vy-
svétleno davkou inokula — tekutého zdkysu. OvSem jiz
béhem prvni hodiny fermentace mizeme sledovat nepatr-
ny pokles obsahu laktosy. Béhem tieti a ¢tvrté hodiny fer-
mentace je pokles obsahu laktosy daleko vyraznéjsi. Na
konci fermentacniho cyklu je patrné snizeni obsahu lakto-
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Tabulka I

Zmeény obsahu laktosy béhem fermentace mléka jogurtovou kulturou (% hm)
Doba I. méfeni II. méfeni III. méteni Pramér SD
fermentace [h] [% hm.] [% hm.] [% hm.] [% hm.] [% hm.]
0 4,86 5,10 5,07 5,01 0,11
0+ 5,09 5,23 5,38 5,23 0,12

1 5,03 5,06 5,21 5,10 0,08
2 4,86 4,91 5,13 4,97 0,11
3 4,19 4,51 4,31 4,34 0,13
4 3,87 4,08 4,08 4,01 0,10
Tabulka II

Zmény obsahu laktosy béhem fermentace mléka jogurtovou kulturou (% relativni)

Doba fermentace [h] 1. méfeni [% ]

II. méfeni [%]

II1. méfeni [%] Primér [%]

0 100
0+ 105
1 104
2 100
3 86
4 80

100 100 100
102 106 105
99 103 102
96 101 99
88 85 87
80 81 80

hodnota byla stanovena béhem prvniho méfeni, kdy kon-
centrace laktosy byla po ¢tyfech hodinach fermentace 3,87
% se smérodatnou odchylkou (SD) 0,10 (tabulka I).
V tabulce II je ubytek laktosy vyjadien procentualné, kde
100 % je vzorek mléka nebo syrovatky oznacen ,,0° — bez
fermentace, tedy bez davky jogurtového zakysu. Po
Ctyfech hodinach fermentace byl tedy ubytek laktosy
v pruméru 20 % relativnich (tabulka II).

U vzorkl syrovatky byla koncentrace laktosy na za-
¢atku procesu fermentace v priméru 5,87 %, opét doslo
k mirnému zvyseni koncentrace laktosy po pfidani jogurto-
vé kultury a béhem nasledujicich ¢tyt hodin inkubace do-
Slo k poklesu koncentrace laktosy. OvSem ve vzorcich
syrovatky doslo béhem fermentace k poklesu obsahu lak-

tosy ,,pouze 0 0,72 % (tabulka III), tedy k niz§imu tbytku
laktosy nez tomu bylo u vzorki mléka. Nejnizsi hodnota
po 4 hodinach fermentace byla zjisténa béhem tfetiho mé-
feni, a to 5,14 % se smérodatnou odchylkou (SD) 0,01.

V tabulce IV jsou opét uvedeny hodnoty ubytku lak-
tosy v relativnich procentech, kde 100 % jsou opét vzorky
syrovatky oznaceny ,,0 tedy bez fermentace. Z hodnot
vyplyva, ze po Ctyfech hodinach fermentace doslo k ubyt-
ku laktosy v priméru pouze o 12 %, coz je 0 8 % méné
nez u mléka. Tento rozdil v prokysavani mize byt zpulso-
ben rozdilnym slozenim a kyselosti pouzit¢ého média
(mléko, syrovatka).

Ubytek laktosy jak ve vzorcich syrovatky, tak ve
vzorcich mléka nespliiuje limit dle Vyhlasky 54/2004 Sb.,
ktera stanovuje limit laktosy v potravinach s nizkym obsa-

Tabulka IIT

Zmény obsahu laktosy béhem fermentace syrovatky jogurtovou kulturou (% hm)

Doba fermentace [h] 1. méfteni II. méfeni III. méteni Prameér SD

[% hm.] [% hm.] [% hm.] [% hm.] [% hm.]

0 5,98 5,81 5,82 5,87 0,08
0+ 6,08 6,08 6,06 6,07 0,01

1 5,65 5,65 5,75 5,68 0,05

2 5,49 5,53 5,55 5,52 0,02

3 5,37 5,39 4,42 5,06 0,45
4 5,15 5,16 5,14 5,15 0,01
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Tabulka IV
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Zmény obsahu laktosy béhem fermentace syrovatky jogurtovou kulturou (% relativni)

Doba fermentace [h] 1. méteni [%]

II. méteni [%]

III. méfeni [%] Pramér [%]

0 100 100 100 100
0+ 102 105 104 104
1 94 97 99 97
2 92 95 95 94
3 90 93 76 86
4 86 89 88 88
hem laktosy na 10 g kg™ a bezlaktosové potraviny mohou ledna 2010.

obsahovat pouze 100 mg kg™
Zavér

Cilem price bylo sledovani zmén obsahu laktosy
béhem fermentace ve vzorcich kravského mléka a obnove-
né syrovatky, kdy pro fermentaci obou typt vzorkd byla
pouzita termofilni jogurtova kultura. V téchto vzorcich
byly sledovany zmény sacharidi béhem fermentace pomo-
ci kapalinové chromatografie. Ze zjisténych vysledki 1ze
konstatovat, ze k vyraznéj$im zménam doslo u vzorku
mléka, kdy obsah laktosy klesl o 20 % relativnich. Fer-
mentace ve vzorcich syrovatky probihala pomaleji a obsah
laktosy klesl o 12 %, vobou piipadech vsSak nelze
z hlediska obsahu laktosy hovofit o vhodnosti takovychto
napoju pro osoby trpici laktosovou intoleranci, protoze
ipo 4 hodinové fermentaci zistdvd vétSina laktosy
v napoji nerozstépena. Nespornym piinosem je ale konzu-
mace kultur, které obsahuji enzym laktasu a $tépeni lakto-
sy v lidském travicim traktu napomahaji.

Vyzkum byl podporen zdmérem MSMT ¢ MSM
6046070901
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V. Legarova, L. Kourimska, and J. Hajkova
(Department of Quality of Agricultural Products, Faculty
of Agrobiology, Food and Natural Resources, Czech Uni-
versity of Life Sciences in Prague, Praha, Czech Repub-
lic): Lactose and its Changes During the Fermentation
of Whey and Milk by Thermophillic Starter Cultures

Bacteria cultures, known as starters, are used in the
manufacture of cultured milk products. They are added to
the product and allowed to grow there under controlled
conditions. In this study the cow milk and cheese whey
samples were fermented by thermophillic bacteria starter
cultures at 43 °C to monitor lactose changes during the
fermentation. The obtained data were evaluated and the
suitability of cultures for fermented milks and fermented
whey drinks preparation with regard to content of lactose
was discussed. There was the increase of lactose in milk
samples by 20 % and in whey samples by 12 % comparing
to the samples without fermentation, where the lactose
content was taken as 100 %. Because of the high level of
residual lactose in the analysed fermented samples, they
cannot be conclusively recommended for lactose-intolerant
people.
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POROVNANIE ROZNYCH TECHNIK SKENOVANIA FLUORESCENCNYCH
SPEKTIER V ANALYZE VINNYCH DESTILATOV

PAVEL MAJEK, JANA SADECKA*
a CUBOMIR PIS

Ustav analytickej chémie, Fakulta chemickej a potravi-
ndrskej technoldgie STU, Radlinského 9, 8§12 37 Bratisla-
va, Slovensko

Jjana.sadecka@stuba.sk

V analyze alkoholickych népojov sa pozoruje plynuly
narast vyuzitia infraervenej a Ramanovej spektrometrie,
avSak vyskumu v oblasti vyuzitia fluorescencnej a UV/Vis
absorpcnej spektrometrie sa venuje mensia pozornost’.
Vyhodou fluorescencnej spektrometrie (FS) je vysSia se-
lektivita v porovnani s inymi spektrometrickymi metédami
a vysoka citlivost’ pre Siroku paletu analytov. Aj ked’ tieto
charakteristiky zarad'uji FS medzi perspektivne techniky
v analyze napojov, klasickd FS zalozend na merani len
jedného excitaéného a emisného spektra ¢asto neumoziuje
analyzu mnohozlozkovych zmesi. V takychto pripadoch
mozno zlepsit' analytické charakteristiky metédy namera-
nim celkovych luminiscencnych alebo celkovych syn-
chronnych fluorescenénych spektier. Celkové luminiscenc-
né spektrd sa ziskaju postupnym meranim excitacnych
a emisnych spektier pri réznych emisnych a excitaénych
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vinovych dizkach. Vysledna emisno-excitana datova ma-
tica poskytuje celkovy profil intenzit meranej vzorky
v rozsahu skenovanych vlnovych dizok, atym aj vyssiu
selektivitu. Ak sa pouzije vhodna hodnota rozdielu emis-
nej aexcitaénej vlnovej dizky, synchrénna FS znizuje
nebezpecenstvo prekryvania fluorescenénych pasov. Cel-
kové synchronne fluorescencné spektrd sa ziskajii znazor-
nenim intenzity fluorescencie ako kombinovanej funkcie
vinovej dizky ahodnoty rozdielu emisnej a excitaénej
vlnovej dizky aspajaju tak vyhody celkovych luminis-
cen¢nych a synchréonnych fluorescenénych spektier. Vset-
ky vysSie uvedené techniky skenovania spektier mozno
zrealizovat’ bud’ v pravouhlej geometrii, alebo meranim
fluorescencie z povrchu. Druhy spdsob skenovania je vel-
mi vyhodny vtedy, ak analyzované vzorky vykazuju velké
hodnoty absorpcie ziarenia v UV a Vis oblasti spektra,
napr. vinne destiléaty.

Cielom tejto prace bolo porovnanie vysSie uvede-
nych technik skenovania fluorescencnych spektier
v analyze vinnych destilatov.

Praca vznikla vdaka financnej podpore EHP financ-
ného mechanizmu SAV-EHP-2008-02-05.
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ENANTIOMERIC PURITY CONTROL OF ANTIHISTAMINES
IN PHARMACEUTICALS USING CAPILLARY ELECTROPHORESIS
WITH CYCLODEXTRIN PSEUDOSTATIONARY PHASES

KATARINA MARAKOVA, PETER
MIKUS, IGOR NEMEC, IVA ,
VALASKOVA, and EMIL HAVRANEK

Department of Pharmaceutical Analysis and Nuclear
Pharmacy, Faculty of Pharmacy, Comenius University,
Odbojdrov 10, 832 32 Bratislava, Slovak Republic
mikus@fpharm.uniba.sk

The present work illustrates potentialities of a modu-
lar hydrodynamically closed capillary electrophoretic (CE)
separation system in a single and double column arrange-
ment for the enantiomeric purity testing of drugs in phar-
maceuticals.

In the first case, an anionic cyclodextrin (CD) medi-
ated single column CE separation technique coupled with
an on-capillary absorbance ultraviolet (UV) detector was
used for the enantioseparation of zwitterionic drug, cetiriz-
ine (CET). The optimal separation conditions were based
on a mediate pH (~5.2) of buffer (migration velocity of
CET molecule was near to zero) and a highly substituted
CD derivative, sulfated-p-CD (S-B-CD), serving as an
analyte carrier in anionic regime of the separation with
suppressed electroosmotic flow. In this way, a baseline
enantioseparation, reasonable separation efficiency and
short analysis time could be easily achieved. In compari-
son, similar performance parameters could not be obtained
by (i) neutral CDs (native CDs, hydroxypropyl-p-CD) or
(if) charged CD (carboxyethyl-p-CD, CE-B-CD) used in
counter-current separation regime.

A column-coupling arrangement of CE was used for
the enantioseparation of cationic drug, brompheniramine
(BP). Given by a high sample load capacity (30 ul sample
injection volume) and a preconcentration of the BP enanti-
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omers in the isotachophoretic (ITP) stage, ng ml™' concen-
tration limits of detection (LOD) were easily achieved. For
the separation of the BP enantiomers, the CE-B-CD was
appropriate chiral selector providing complete enantioreso-
lution in the capillary zone electrophoresis (CZE) stage.

The general advantages of the proposed CE methods
are their simplicity, and selectivity. Among the benefits of
the ITP-CZE method we can count also the low LODs
obtainable, enhanced sample loadability, and minimized
external sample pretreatment useful for a trace determina-
tion. On the other hand, the CE modified by the moving
chiral pseudostationary phase can spread the application
potential of CE towards neutral analytes. The optimized
methods provided favorable performance parameters in-
cluding separation efficiency, sensitivity, linearity, preci-
sion, accuracy/recovery and robustness.

The (S-B-CD)-CZE-UV method was applied for
a highly reliable enantioselective determination of the
neutral drug’s impurity (dextrocetirizine, DCET) besides
its major active compound (levocetirizine, LCET) in phar-
maceuticals (commercial tablets). The ITP-(CE-B-CD)-
CZE-UV method enabled to determine enantiomeric impu-
rity, levobrompheniramine (LBP), in the samples contain-
ing a 10° excess of dexbrompheniramine (DBP), and it
was applied for the pharmaceutical tablets with DBP as the
active substance. The obtained results clearly indicate po-
tential of the proposed methods for a routine use in highly
effective and reliable control of enantiomeric purity of
pharmaceuticals.

This work was supported by grant from the Slovak
Grant Agency for Science under the project VEGA No.
1/0003/08 and grant from Comenius University No.
UK/120/2009.
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Pri pouzivani folidrnych pripravkov v polnohospo-
darste, alebo pri styku vegetacie s roztokmi a aeros6lmi
nachadzajicimi sa v kontaminovanom prostredi dochadza
ku vstupu latok zroztokov do pletiv cievnatych rastlin
povrchom listov. V takychto pripadoch musi latka vstupu-
juca do rastlinnych pletiv prekondvat’ sériu diftiznych bariér
listovych Struktar. Najmd v pripade kationov kovov
a metaloidov ide orychlosti vstupu, ktoré st o niekol’ko
poriadkov nizsie ako rychlosti vstupu kationov kovov
z poddneho roztoku cez korefiovy systém aich koncentracie
v pletivach sa pohybuji v oblasti nanogramov latky na jed-
notku listovej plochy, alebo hmotnosti rastlinnych pletiv.

Cielom tejto prace bolo ziskanie kvantitativnych
udajov o prijme zinku a cézia povrchom listov cievnatych
rastlin.

Ako modelové rastliny boli pouZité hydroponie tabaku
virzinskeho (Nicotiana tabacum 1.) a chmel'u obyc¢ajného
(Humulus lupulus L.) rastice v Hoaglandovom zivnom
médiu. Listy boli ponorené do roztokov ZnCl, alebo CsCl
znatenych radionuklidmi  ®ZnCl, (0,8767 MBq/g)
a'CsCl (5,406 MBgq/g). Pre radiometrické stanovenie
cézia azinku v roztokoch a jednotlivych Castiach rastlin
bol pouzity scintilaény detektor Gamaspektrometer
54BP54/2-X a 76BP76/3 so studiiovym krystalom Nal(TI)
firmy Scionix, Holandsko. K vypoctu aktivity sa pouzil
vyhodnocovaci softvér Scintivision 32, firmy Ortec, USA.
Doba merania 600 s umoznovala ziskat’ data s relativnou
chybou merania < 2 %. Distribucia ©Zn a '’Cs v listoch,
korenoch a stonkach bola stanovend dvomi metodami:
1. Autoradiografiou na RTG filmoch (HR-GB 100 NIF,
FUIJIFILM, JP) s expozi¢nym ¢asom do 40 dni pri 20 °C.
Po vyvolani boli autoradiogramy (18 x 24 cm) z ¢ierno-
bielej skaly prevedené do gradientu farebnej Skaly pouzi-
tim grafického programu Adobe Photoshop CS2, Adobe
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(USA), skenovanim radioaktivity s vyuZzitim skenovacieho
pristroja  Typhoon 9210 (Amersham Biosciences)
s expozicnym ¢asom do 30 dni a pocitacovym spracova-
nim dat. Pre modelovanie koncentracie idnovych foriem
zinku v zavislosti na pH prostredia sa pouzil vypoctovy
program Visual MINTEQ (verzia 2.53).

Zistili sme, Ze cézium je prijimané povrchom listov
ponorenych do roztokov CsCl a je transportované do inych
rastlinnych pletiv nad i pod akceptorovym listom. Vysled-
ky st vsuhlase spoznatkami o vysokych rychlostiach
difuzie kationov alkalickych kovov cez umelé a biologické
membrany a o dostupnosti transportnych drah draslika
a sodika v pletivach cievnatych rastlin aj pre cézium. Zi-
nok sa viazal z roztokov ZnCl, povrchom listov Studova-
nych rastlin s vy$Sou u€innostou ako cézium, avSak na
rozdiel od cézia zostaval imobilizovany v kontaktnej Casti
listu a v kratkodobych experimentoch nebol transportova-
ny ani do susediacej neponorenej Casti listu, ani do inych
rastlinnych organov.

V praci diskutujeme o moznych spdsoboch vizby
uplatiujucich sa pri interakcii Zn®" iénov s bunkovymi
Struktirami
a komponentami listovych pletiv. Na zaklade vysokych
hodn6t tabelovanych konStant stability log K komplexov
zinku usudzujeme, Ze aminokyseliny, karboxylové kyseli-
ny a fosfaty nachadzajice sa ako intermediaty vo floémo-
vej &tave vkoncentraciach < 10*pmol ™', spolu
s funkénymi skupinami bunkovych S$truktar a bielkovin,
i alkalické pH floémovej stavy, vedice ku vzniku viace-
rych i6novych aneiénovych foriem zinku, sa budi po-
dielat’ na znizovani podielu zinku v pletivach v biologicky
dostupnej Zn** forme.

Ziskané vysledky poukazuji na obmedzent ucinnost’
vyuzitia zinku z folidrnych hnojiv ana rizik4 ziskavania
falosne vysokych hodnot prijmu kovov rastlinami
z postrekov na listovy povrch v doésledku unikania pos-
trekovych pripravkov do pody a vstup kovu cez koreiovy
systém, ktory je z hl'adiska transportu kovov omnoho t¢in-
nejsi.

Dakujeme Ing. Zdene Sulovej, CSc., Ustav molekuldr-
nej fyziologie a genetiky SAV, Vlarska 5, 833 34 Bratisla-
va, za umoznenie experimentov skenovania radioaktivity
na pristroji Typhoon 9210.
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Uvod

Béhem peceni chleba dochézi k celé fad¢ fyzikalnich
a chemickych zmén, které se v kone¢ném dasledku projevi
na vzhledu, textury, barvy, viing, chuti a dalSich vlastnosti
dilezitych pro piijeti chleba spotiebitelem. K tvorbé cha-
rakteristického zbarveni a viné chleba dochazi Maillardo-
vymi reakcemi. Tyto reakce jsou ovlivnény celou tadou
faktorti a podminek béhem peceni, napft. recepturou, teplo-
tou, vlhkosti atd. Béhem Maillardovych reakci dochazi
také ke vzniku toxickych latek, jako je akrylamid'~.

Akrylamid je toxicka latka fazend mezi potencionalni
lidské karcinogeny’. Studie ukazuji souvislost mezi stou-
pajicim pfijmem akrylamidu z potravin se zvySujicim se
rizikem rakoviny endometria a vajecnikd a také spojitost
s rakovinou ledvinovych bunék*’. Akrylamidu vznika
zejména v potravinach bohatych na redukujici sacharidy
a asparagin pii teplotach nad 120 °C (cit.*”). Siroky rozsah
obsahu akrylamidu je pozorovan nejen v riznych potravi-
novych kategoriich, ale i v rliznych znackach potravin ze
stejné kategorie®.

V soucasné dob¢ je popsana celd fada moznych zpi-
sobl pro snizeni obsahu akrylamidu v tepelné opracova-
nych vyrobcich. U chleba jsou diskutovany predevsim
zmény teploty, Casu nebo vlhkosti, pfipadné¢ kombinace
téchto parametrd, které¢ by vedli ke snizeni obsahu akryla-
midu®™2. Dal§i moZnosti snizovani obsahu akrylamidu
v chlebu je rozsahlejsi fermentace pomoci kvasinek'?.

Cilem této studie je porovnani obsahu akrylamidu
v ruznych typech chlebi pfipravenych ze smési uréenych
pro piipravu chleba v domaci pekarné. Dale byl porovna-
van obsah akrylamidu v jednotlivych ¢astech téchto chle-
bu. Nakonec byly porovnavany chleby ptipravené v doma-
ci pekarné€ nebo sazenim do pece.

s660

Material a metodika
Ptiprava vzorkil chleba

Pro ptipravu chleba byli spole¢nosti Maspomix vyvi-
nuty téi rizné druhy smési urCené pro pripravu chleba
v doméaci pekarné s moznosti piipravy i v plynové nebo
elektrické troubg. SloZeni jednotlivych smési je uvedeno
v tabulce I. Chleby byly pfipravovany ze smesi po pridani
vody v domaci pekarné Moulinex home bread inox
(Moulinex, Cina) pii nastaveni programu ¢. 2, hmotnosti
750 g a stupni vypeceni 3. Pfi piipravé chleba v troub&
byla pouzita laboratorni pec (Memmert, Schwabach, N¢-
mecko), pfi¢emz kroky hnéteni a kynuti chleba byli prove-
deny v domaci pekarné a nasledné bylo tésto vytvarovano
do bochianku a vlozeno do laboratorni pece. Podminky
peceni byli nastaveny nasledovné: peceni ve vyhiaté peci
15 min pfi 200 °C a poté snizit na 190 °C pii celkovém
Case vypeceni okolo 50 min podle pozadovaného stupné
vypeceni.

Chleby se nechali po upeceni 1,5 hodiny chladnout
anasledné byl u nich stanovovan mérny objem, vlhkost
a obsah akrylamidu pomoci GC/MS. Stanoveni mérného
objemu a stanoveni vlhkosti bylo provedeno v souladu
s normou CSN 56 0116. Chléb byl po stanoveni mérného
objemu rozkrojen na 4 stejné Ctvrtiny tak, aby byl zacho-
van pomér stiidky a kirky vzhledem k celému chlebu.
Obsah akrylamidu byl stanovovan v celkovém chlebu, ve
stiidce a v kirce. Kirka o tloustce 2—3 mm byla okrajena
pomoci skalpelu. Poté byla stfidka a vzorky celého chleba
rozkrajeny na kousky a spole¢né se vzorky kirky suseny
pres noc v laboratorni peci pfi teploté 45 °C, coz umoznilo
jejich rozemleti a zhomogenizovani pomoci grindomixu
GM 200 (Retsch GmbH, Hann, Némecko) pro nasledné
stanoveni obsahu akrylamidu a vlhkosti.

Chléb byl v doméaci pekarné pfipravovan v nadobe,
ktera mu dodala konecny tvar v podobé kvadru. Béhem
peceni se tedy boc¢ni a spodni strany chleba této nadoby
dotykaly. Z téchto divodl byla kiirka chleba rozdélena na
kirku horni, boc¢ni, spodni a celkovou kirku (obsahujici
vSechny tfi jednotlivé ¢asti kirky v poméru odpovidajici-
mu zastoupeni na celém chlebu) a obsah akrylamidu byl
stanovovan zvlast' pro celkovou kirku i jeji jednotlivé
frakce.

Stanoveni obsahu akrylamidu pomoci GC/MS

Extrakce akrylamidu ze vzorkd byla zaloZena na po-
stupu Ciesarova a spol. (2009) modifikovaného pro plyno-
vou chromatografii'. Jako vnitini standard byl pouzit ds-
akrylamid (0,02 g na 100 ml metanolu). Nejprve byla pro-
vedena extrakce deionizovanou vodou a vycefeni pomoci
Carrezovych roztoktll. Nasledn¢ se vzorky preextrahovaly
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Tabulka I

Slozeni smési uréenych pro ptipravu chlebii
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Smés pro bramborovy chléb

Smés pro slunecnicovy chléb

Smés pro grahamovy chléb

pSeni¢na mouka
zitna mouka
bramborova mouka (2 %)

jedla sl

cukr

susené drozdi

kmin

suchy syrovatka, kukufi¢éna mou-
kvas: ka, sojova mouka, regula-

tor kyselosti: kyselina ci-
tronova, octan sodny

je¢menna sladova mouka

stabilizator: guarova mouka, kyselina
askorbova

pSeni¢na mouka

zitnd mouka

slunec¢nice loupana (6 %)

jedla sul

cukr

susené drozdi

jable¢na vlaknina

bramborovy $krob, regula-
tor kyselosti: kyselina
mlécna, protihrudkujici
latka: siran vapenaty

suchy
kvas:

jec¢menna sladova mouka

stabilizator: guarova mouka, kyselina
askorbova

pSeni¢na mouka

grahamova mouka (20 %)
jedla sul
cukr

susené drozdi

syrovatka, kukufi¢éna mou-
ka, sojova mouka, regula-
tor kyselosti: kyselina ci-
trénova, octan sodny

suchy
kvas:

je¢menna sladova mouka

stabilizator: guarova mouka, kyselina
askorbova

do ethylacetatu. Suchy vzorek po odpafeni ethylacetatu na
RVO byl pted stanoveni rozpus§tén v methanolu.

Obsah akrylamidu ve vzorcich byl stanovovan pomo-
ci GC/MS (EI) metodou pouzitim plynového chromatogra-
fu série 7890A s hmotnostnim detektorem MSD 5975 Inert
(Agilent Technologies, USA). Separace analytu byla pro-
vedena na koloné¢ DB-FFAP (30 m x 0,25 mm, 0,25 pm)
prostfednictvim helia jako nosného plynu pfi konstantnim
pratoku 1,0 ml min™". Byl pouzit split/splitless nastiik,
teplota nastfiku 250 °C, objem nastiiku 2 pl, pulsni split-
less mdd, pulsni tlak nastfiku 200 kPa za 0,4 min, skle-
nény liner. Teplotni program metody byl: 60 °C (1 min),
10 °C min™', 190 °C (0 min), 50 °C min"', 240 °C (2 min).
Detekce probihala v SIM mdédu, kde byl sledovan pomér
mezi hmotnosti naboje 71,1 pro akrylamid a 74,1 pro ds-
akrylamid (vnitini standard).

Kalibraéni vzorky byly pfipraveny ze zasobniho roz-
toku akrylamidu (0,05 g na 100 ml methanolu) v rozmezi
50-2000ng na 10ml s 10 ul vnitiniho standardu (ds-
akrylamid, 0,02 g na 100 ml methanolu).

Vysledky a diskuse

Cilem této prace bylo studium distribuce akrylamidu
v jednotlivych ¢astech chleba (cely chléb, stiidka, kirka a
frakce kirky) umoziujici nastaveni vhodnych podminek
pripravy vzorek pro stanoveni obsahu akrylamidu v chlebu
pro nasledné technologické upravy, které by vedly
k minimalizaci vzniku akrylamidu pti domaéci ptipravé
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chleba.

U chlebi z doméaci pekarny se spodni a bo¢ni strany
béhem peceni dotykaly formy, v niz byl chléb pfipravo-
van. Tyto strany méli drsné€jsi povrch nez kirka na horni
stran¢ chleba. Také zbarveni povrchu nebylo rovnomérné.
Kurka na bo¢nich stranach chleba byla tmavsi nez kirka
na horni a spodni strané, coz bylo zpisobeno predevsim
tim, Ze topna spirala vede po vnitinim obvodu pekarny a z
této priCiny je chléb po bokach propecengjsi. Nejsvétlejsi
kirka byla na horni stran¢ chleba. Na zakladé poznatki o
souvislosti mezi zbarvenim produktu a obsahem akrylami-
du jsme predpokladali', 7e kirka na boénich stranach
bude obsahovat vice akrylamidu nez kérka na horni a
spodni strané chleba.

Ze stanoveni obsahu akrylamidu v jednotlivych ty-
pech kirek (viz obr. 1a,b,c) vyplyva, Ze obsah akrylamidu
je opravdu mirng vyssi v boéni kiirce chleba. Tyto rozdily
nejsou pii porovnani obsahu akrylamidu v jednotlivych
typech kirky az tak vyrazné a v ramci odchylek pomérné
malé. Proto jsme se je rozhodly pro dal§i porovnavani
distribuci akrylamidu v daném chlebu i mezi jednotlivymi
chleby zaméfit pouze na celkovou kirku.

Z porovnani primérného obsahu akrylamidu v kirce
mezi bramborovym, slune¢nicovym a grahamovym chle-
bem (obr.2) vyplyva, ze bramborovy chléb obsahuje
v ktirce nejvice akrylamidu z té€chto tfi chlebt. To je prav-
dépodobné zplsobeno piitomnosti bramborové mouky ve
smési pro piipravu tohoto chleba, protoze brambory obsa-
huji znacné mnozstvi aminokyseliny asparagin jako hlav-
niho prekurzoru akrylamidu'®. Obsah akrylamidu ve slu-
necnicovém chlebu je v porovnani s bramborovym chle-
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Obr. la. Porovnani obsahu akrylamidu v jednotlivych frak-
cich kiirky bramborového chleba
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Obr. 1b. Porovnani obsahu akrylamidu v jednotlivych frak-
cich kiirky slune¢nicového chleba
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Obr. 1c. Porovnani obsahu akrylamidu v jednotlivych frak-
cich kiirky grahamového chleba
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bem asi polovi¢ni a u grahamového je jeho obsah pouze
tietinovy. To je pravdépodobné zplsobeno pouzitim suro-
vin s niz§im obsahem prekurzort akrylamidu pro ptipravu
smé&si na tyto chleby.

Také jsme srovnavali mezi jednotlivymi chleby obsah
akrylamidu ve stfidce a v chlebu celkové. Hodnoty ziskané
pri stanoveni obsahu akrylamidu ve stfidce ale byli velmi
nizké a blizily se limitu stanoveni (LOQ = 10 ppb). To je
zpusobeno piedevsim tim, Ze teplota stiidky chlebu neni
tak vysoka jako teplota na povrchu chlebu, ¢imz vznika
mén¢ akrylamidu. Je totiz znamo, Ze k tvorbé akrylamidu
dochdzi az prti teplotach vysSich jak 120 °C s maximem
tvorby mezi 180 az 200 °C (cit.!”). Dal3i vliv miiZe mit
ito, ze kirka, kterd se vytvoii na povrchu chleba béhem
peceni, slouzi jako bariéra branici rychlému odpatfovani
vody ze stiidky béhem pecCeni a vySsi obsah vody muze
vést k nizsi tvorbe akrylamidu, jak uvedli ve svych studii
Elmore a spol.'®, Taeymans a spol."”” nebo Ciesarova
a spol.%.

Obsah akrylamidu v celkovém chlebu byl také po-
mérné nizky a velice se blizil hodnotam stiidky. To je
dano predevsim tim, Ze stfidka tvoii vice jak 90 % celého
chleba a tudiz je obsah akrylamidu v celém chlebu dan
predevsim obsahem akrylamidu ve stfidce. Podil obsahu
akrylamidu z kirky bude na celkovém obsahu akrylamidu
v chlebu jen velmi maly.

U jednotlivych chlebii byl také porovnavan jejich
mérny objem a vlhkost podle normy CSN (STN) 56 0116.
Vysledky méfeni jsou uvedeny v tab. II. Z tabulky je patr-
né, ze nejmensi mérny objem mél grahamovy chléb,
u kterého béhem piipravy v domdci pekérnicce nedoslo
k tak velkému nakynuti jako u ostatnich dvou chlebd, diky
¢emuz byl patrné jeho povrch hladsi a rovnomérnéjsi nez
u chleba bramborového a slunecnicového, které méli po-
vrch nerovnomérny a dosti hrbolaty. To bylo pravdépo-
dobné zpiasobeno intenzivnéj§im kynutim, ¢imz se na po-
vrchu tésta vytvareli nevzhledné praskliny, které se pak
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Obr. 2. Porovnani obsahu akrylamidu v kirkach jednotlivych
druhii chleba
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Tabulka II
Mérny objem a vlhkost jednotlivych chlebli

Chléb Meérny objem [ml Vlhkost [%]

na 100 g chleba] RSD do 10 %

Bramborovy chléb 416 £ 47 47
Slunecnicovy 361 +60 40
chléb

Grahamovy chléb 313£26 49

promitly do kone¢ného vzhledu chleba.

I pfes nejmensi mérny objem mél grahamovy chléb
nejvyssi vlhkost z porovnavanych tii chlebi. To by mohlo
obsah akrylamidu, kdy vyssi obsah vody mlze vést k nizsi
tvorbé akrylamidu, jak jiz bylo zminéno vySe. Naproti
tomu toto neplati v piipadé bramborového chlebu, ktery
i pres vyssi vlhkost ma nejvyssi obsah akrylamidu. U néj
je to nejspiSe zpuisobeno, jak jiz také bylo vyse zminéno,
vy$§im obsahem prekurzord akrylamidu.

Podle spole¢nosti Mispomix navrzenych a vyzkouse-
nych podminek urfenych pro piipravu chleba peceného
z chlebovych smési pomoci plynové nebo elektrické trou-
by jsme grahamovy chléb pfipravovali také v laborator-
ni peci, kde se chléb béhem pecCeni stranami nedotykal
formy a byl pouze po vytvarovani do bochanku volné po-
lozen na pecici plech. Doba peceni byla doporucena
50 min v zavislosti na stupni pozadovaného vypeceni.
Bohuzel laboratorni pec neni urcend pro peceni chleba,
tudiz chléb v ni ptipravovany nedosahl po 50 min pozado-
vaného zbarveni povrchu kurky. Proto jsme ¢as peceni
prodlouzili o 20 a 40 minut. Pfi porovnani vysledki stano-
veni obsahu akrylamidu v grahamovém chlebu peceného
v laboratorni peci (obsah akrylamidu v kiirce chlebu pece-
ného déle o 20 min: 33+3 pgkg™ sudiny, o 40 min:
36+4 ugkg ' susiny) shodnotami ziskanymi z chlebi
pripravovanych v domaci pekarné bylo patrné, ze hodnoty
se od sebe 1i8i jen miniméIn€ a v rdmci odchylky byli prak-
ticky stejné. To je pravdépodobné zptuisobeno tim, ze chléb
z pece béhem peceni ztratil vice vody, coz vedlo k dosaze-
ni stejného obsahu akrylamidu jako u chleba z domaci
pekéarnicky. Je ale nezbytné tento pokus zopakovat pii
pouziti domaci plynové nebo elektrické trouby pro néz
jsou tyto podminky a zpilisob piipravy chleba navrzeny.

Zavér

Cilem prace bylo studium distribuce akrylamidu
v jednotlivych ¢astech tfi druhd chlebl ptipravovanych
v domaci pekarné umoznujici navrhnuti vhodnych techno-
logickych uprav vedouci k minimalizaci vzniku akrylami-
du v té€chto chlebech. Vysledky ukazaly, Ze nejvice akryla-
midu vznikd na povrchu chleba v kirce, kde je béhem
peceni dosahovano nejvysSich teplot urychlujicich vznik
akrylamidu. S ohledem na toto zji$téni, by bylo vhodné
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modifikovat slozeni smési ur€ené pro piipravu téchto chle-
b, napiiklad pfidavkem vhodnych anorganickych soli,
antioxidanti, enzymu asparaginaza atd., které by snizovali
upravé receptury je vliv na senzorické a organoleptické
vlastnosti findlniho produktu, které urcuji jeho pfijatelnost
spotfebitelem a tim i volbu snizovani obsahu akrylamidu
v chlebu pfipravovaného v domaci pekarné.

Tato publikace byla vytvorena realizaci projektu
,, Centrum excelentnosti pre kontaminujuce latky a mikro-
organizmy v potravindach* na zaklade podpory operacniho
programu Vyskum avyvoj financovaného z Evropského
fondu regionalniho rozvoje. Tato prace byla podporovana
taktéz Agentiurou na podporu vyskumu a vyvoja na zdklade
smlouvy ¢. VMSP-P-0089-09.
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Abstrakt

The aim of this work was to study the distribution of
acrylamide in particular parts of three different breads
(potato, sunflower and graham breads) in order to enable
a subsequent adjustment of technology leading to the mini-
mization of toxic acrylamide in bread. Acrylamide levels
were compared in fractions of crust (top, side, bottom and
the total crust) and then across the total bread, crumb and
crust within a separate type of bread and among the three
selected breads. The most of the acrylamide was found in
crust of bread. The highest content of acrylamide was ob-
served in the potato bread since the raw materials used in
this bread mix encompassed more acrylamide precursors.
Finally, two processes of bread making from the same
bread mix were compared: baking in a home bakery and in
a bakery oven under the instructions provided by the pro-
ducer. The contents of acrylamide in bread thus prepared
were almost the same.
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OPTIMALIZACIA CPE METODY PRE SELEKTiVNE STANOVENIE
(ULTRA)STOPOVYCH KONCENTRACII Sb(IIT) V PRIRODNYCH VODACH

INGRID HAGAROVA, PETER MATUS,
MAREK BUJDOS a JANA KUBOVA

Univerzita Komenského v Bratislave, Prirodovedecka fa-
kulta, Geologicky ustav, Mlynskad dolina, 842 15 Bratisla-
va, Slovensko

hagarova@fns.uniba.sk

KTlucové slova: antimon, extrakcia s vyuzitim teploty za-
kalu micelarnych roztokov (CPE), atomova absorp¢na
spektrometria s elektrotermickou atomizaciou (ETAAS),
Speciacna analyza, prirodné vody

Uvod

Toxicita antiménu a jeho fyziologické spravanie zavi-
sia od oxida¢ného stavu, od chemickej formy a pritomnosti
potencidlnych ligandov, ako aj od rozpustnosti jednotli-
vych zlagenin'. Elementarny antimoén je toxickejsi ako
jeho zluceniny a vSeobecne latky, v ktorych je pritomny
ako Sb(III) su priblizne 10krat toxickejsie ako tie, v kto-
rych je pritomny ako Sb(V). Prave poznatky o rozdielnosti
toxickych Uc€inkov a o kvalitativne odliSnych vplyvoch
jednotlivych zltcenin antimonu na zivé organizmy viedli k
snaham o analytické rozliSenie (Speciaciu) jeho réznych
foriem (Spécii) v rdznych biologickych materialoch ako aj
v roznych zloZké4ch zivotného prostredia. V prirodnych
vodach sa nachadza predovsetkym anorganicky Sb(V)
a Sb(III). Z organickych foriem antiménu boli vo vodach
stanovené CH3;SbO(OH), [dihydroxy(oxo)metylantimén] a
(CH3),SbO(OH)  [hydroxy(oxo)dimetylantimon] ~ (cit.?).
Ked’ze koncentracie metylovanych druhov antiménu vo
vodach predstavuji menej ako 10 % zcelkového
mnoZstva® a organické formy antiménu st menej toxické
ako anorganické soli, vdcSina Specianych $tidii je zame-
rana na stanovenie anorganického Sb(III) a Sb(V). Cielom
tejto prace je zoptimalizovat postup pre extrakciu
s vyuzitim teploty zakalu micelarnych roztokov (CPE) na
selektivne stanovenie Sb(III) a stanovenie celkového anor-
ganického antiménu po redukcii Sb(V) na Sb(III). Princip
CPE spociva v pridani tenzidu k vodnému roztoku (priCom
koncentracia tenzidu musi byt vyssia ako kriticka micelar-
na koncentracia, aby dochadzalo k vzniku miciel)
a naslednom zahriati nad urcita teplotu (ktora je charakte-
risticka pre kazdy tenzid). Takyto roztok sa stdva zakale-
nym v désledku preskupenia micelotvornych zloziek
a vzniku d’alSej fazy. Takto sa ziskaji dve fazy; jedna obo-
hatena tenzidom, ktora obsahuje hydrofobne a nepolarne
zlicCeniny zachytené v nepolarnych jadrach miciel, a druha
— vodna faza s koncentraciou tenzidu blizkou kritickej
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miceldrnej koncentracii. Pri separdcii, prekoncentracii
a Speciacii kovov s vyuzitim CPE je jednym z prvych kro-
kov vytvorenie vhodného hydrofébneho komplexu sledo-
van¢ho analytu, ktory modze byt nasledne zachyteny
v hydrofobnom jadre micely. Aby doslo ku kvantitativnej
separacii a boli dosiahnuté vysoké prekoncentracné fakto-
ry pre nasledujlice stanovenie, je nutné zvolit’ pre vypraco-
vavany postup vhodné chelata¢né Cinidlo a tenzid, a na-
sledne optimalizovat’ vsetky experimentalne parametre
(koncentraciu chelata¢ného ¢inidla a tenzidu, pH roztoku,
pridavky Ccinidiel, teplotu a Cas inkubacie, separaciu faz,
ako aj vyber Cinidla na riedenie tenzidom obohatenej fa-
zy). V minulosti bola pre detekciu analytov po CPE sepa-
racii a prekoncentracii pouzivana predovsetkym atémova
absorpcnd  spektrometria s plamenovou atomizaciou
(FAAS). Aj napriek tomu, ze FAAS nemozno upriet’ vy-
hody spojené srychlostou analyzy, pouzitie citlivejsej
metody umoziuje znacne znizit' limity detekcie pre mnohé
analyty (vratane antiménu). V tomto pripade je atdmova
absorpcna spektrometria s elektrotermickou atomizaciou
(ETAAS) vhodnejsou alternativou pre zaverecnt detekciu
nakoncentrovaného analytu a spojenie CPE a ETAAS
umoziuje dosahovat znac¢ne nizSie limity detekcie pre
sledované analyty (rddovo aj o dva poriadky). Vyhodou
ETAAS je aj to, ze doprevadzajliica matrica pozostavajica
prevazne z tenzidu pouZitého pri CPE je odstrdnend eSte
pocas pyrolyzy pred samotnou atomizaciou analytu, a teda
nerusi samotné stanovenie. DalSou vyhodou ETAAS je
moznost’ davkovania velmi malych objemov vzorky
(rddovo desiatky mikrolitrov). V tomto smere je prave
ETAAS najvhodnejSou metddou, ked’ze objemy tenzidom
obohatenej fazy, ktoré je mozné pri CPE ziskat’ sa pohybu-
ju radovo v stovkach mikrolitrov*.

V tejto praci je opisand optimalizdcia CPE postupu
pre selektivne stanovenie Sb(III) pred jeho stanovenim
metédou ETAAS, pricom ako chelatacné ¢inidlo je pouZzi-
ty pyrolidin ditiokarbamat aménny (APDC) a ako extra-
kéné cinidlo bude pouzity neiénovy tenzid Triton X-114
(TX-114). Certifikovany referencny material pre stopové
prvky v rie¢nej vode SLRS-4 je pouzity na kontrolu spo-
lahlivosti navrhnutého postupu pre stanovenie celkového
antiménu po redukcii Sb(V) na Sb(III). V zavere je zopti-
malizovand metdda pouzita na selektivne stanovenie Sb
(IIT) v prirodnych vodach.

Experimentalna cast’
Pouzité pristroje a zariadenia
Na stanovenie antiménu bol pouzity atomovy ab-

sorpény spektrometer firmy Perkin-Elmer 3030 (Norwalk,
CT, USA) s elektrotermickym atomizatorom HGA 600
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v spojeni s automatickym podavacom vzorieck AS-70 tej
istej firmy. Pre korekciu pozadia bol pouZity korektor po-
zadia vyuzivajuci Zeemanov jav. Ako ochranny plyn bol
pouzity argon. Merania boli robené na pyrolytickych grafi-
tovych kyvetach firmy Perkin-Elmer. Davkované objemy
vzoriek boli 20 pl, davkované objemy modifikatora (Pd
(NO3),) boli 10 pl. Pre vyhodnotenie boli pouzité plochy
pikov. Ako zdroj Ziarenia bola pouZitd bezelktrodova vy-
bojka pre Sb (Perkin-Elmer) pracujica pri 8 W. Zvolena
vlnova dizka bola 217,6 nm a Sirka Strbiny bola 0,7 nm.
Teplotny program pre stanovenie Sb po CPE separacii
a prekoncentracii je uvedeny v tab. 1.

Termostatovany vodny kupel’ VL-12 (Kavalier, Saza-
va, Ceskd republika), analytické vahy Sartorius 1702
(Géttingen, Nemecko), pH meter MS-31 (Praha, Ceska
republika) a centrifiga MPW-360 (Machaniky precyzyjna,
VarSava, Pol'sko) boli pouZité pri extrakénom postupe
a priprave vzoriek.

Pouzité chemikalie

Vsetky pouzité chemikalie boli Cistoty p.a. VSetky
roztoky boli pripravované v deionizovanej vode (DV).
Roztoky s rdéznou koncentraciou neidonového tenzidu boli
pripravené rozpustenim vhodného mmnoZzstva Tritonu X-
114 (Sigma-Aldrich, Steinheim, Nemecko) v DV. Roztoky
chelatacného cinidla s réznou koncentraciou boli priprave-
né rozpustenim vhodného mnozstva pyrolidin ditiokarba-
matu aménneho (Sigma-Aldrich) v DV. Zasobny roztok
Sb(III) (1000 mg 1™") bol pripraveny z vinanu antimonito
draselného (Sigma-Aldrich) v DV. Zasobny roztok Sb(V)
(1000 mg 1" bol pripraveny z hexahydroxy antimoni¢na-
nu draselného (Sigma-Aldrich) v DV. Pracovné roztoky
boli pripravené nezavislym riedenim zo zasobného roztoku
tesne pred pouzitim. Kyselina chlorovodikova (Merck,
Darmstadt, Nemecko) a hydroxid sodny (Merck) boli pou-
zité na upravu pH modelovych roztokov a vzoriek. VSetky
zasobné roztoky boli uskladnené v polyetylénovych nado-
bach pri teplote 4 °C. Zasobny roztok dusi¢nanu palddna-
t¢ho (s koncentraciou Pd 10 gI™") (Merck) bol po vhod-
nom nariedeni DV pouzity ako chemicky modifikator.
Metanol (Merck) bol pouzity na pripravu riediaceho ¢inid-
la pre tenzidom obohatent fazu. Certifikovany referencny
material pre stopové prvky vrie¢nej vode SLRS-4
(National Research Council of Canada, Ottawa, Kanada)
bol pouzity na kontrolu spolahlivosti navrhnutého postu-

pu.
Pouzité vzorky

Synteticka voda (SV) (pripravend rozpustenim
CaCl, . 2 H,0 (294 mg), NaCl (216 mg), MgSO,. 7 H,0
(86 mg), KCl (9,7 mg) a (NH,),HPO, (7,3 mg) v 1000 ml
DV) (cit.>) bola pripravena na overenie vplyvu ,,bezne
sa nachadzajucich kovov vo vodach na extrakénu vytaz-
nost” sledovaného analytu. Tri jazerné vody (JV1, JV2
aJV3) zLubietovej boli odobraté zo severovychodnej
Casti Slovenského Stredohoria, ktora zahima neovulkanic-
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ky masiv Pol'ana a severnii Gast’ Ciertazu (z pohoria Ve-
porské Vrchy). Kontaminovana voda (KV) bola odobrata
z domacej studne z Komarna. Prirodné vody boli filtrova-
né¢ (0,45 um filter) ihned po odbere a uskladnené
v polyetylénovych nadobach pri teplote 4 °C.

Pracovny postup

10 ml vzorky (pH upravené na 5,5 + 0,1) obsahujuce;j
0,02 % (m/v) APDC a 0,08 % (m/v) TX-114 bolo zahrie-
vané v termostatovanom vodnom kupeli 5 min pri 45 °C.
Nasledne bola zmes 5 min centrifugovand pri 4000 rpm
(urychlenie fazovej separacie) a 10 min chladena
v l'adovom kupeli (zvySenie viskozity tenzidom obohate-
nej fazy). Vodna faza bola odstranena dekantaciou. K ten-
zidom obohatenej faze sa pridalo 200 pl metanolického
roztoku 0,2 mol 1™ HNO; atakto pripraveny roztok sa
pouzil pre stanovenie nakoncentrovaného analytu metédou
ETAAS.

Vysledky a diskusia

Optimalizacia teplotného programu pre ETAAS
stanovenie

Pre eliminaciu moznych interferencii a zvySenie spo-
l'ahlivosti stanovenia relativne prchavych prvkov metdodou
ETAAS je pouzitie chemickych modifikdtorov takmer
nevyhnutnostou’. Ked'ze k stratim antimoénu z grafitovej
kyvety moze dojst’ pri relativne nizkej teplote, na jeho
stabilizaciu bolo opisané pouzitie roznych chemickych
modifikatorov (vacsinou platinové kovy). Medzi nimi patri
medzi najcastejsie vyuzivané paladium. V nasej praci, boli
porovnané merania bez modifikatora a s pouzitim dusi¢na-
nu paladnatého (koncentracia Pd 1000 mg I™*) ako chemic-
kého modifikatora. Krivky termického rozkladu a krivky
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g i
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£ 0,08 1
z |
=
0,04 4 —&—Sh
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Obr. 1. Krivky termického rozkladu a krivky atomizacie na-
merané pre Sb(III) po CPE separicii a prekoncentra-cii;
koncentracia Sb(ITT): 1,60 ug I'; koncentracia APDC: 0,10 %
(m/v); koncentracia TX-114: 0,20 % (m/v)
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Tabulka I
Teplotny program pre stanovenie Sb po CPE separacii
a prekoncentracii metddou ETAAS

Krok Teplota Cas nérastu Cas Prietok
[s] zotrvania argonu
[°C] [s] [ml min™"]
Susenie 110 10 20 250
Pyrolyza 1200 10 20 250
Atomizacia 2500 0 3 0
Cistenie 2550 250

atomizacie pre Standardny roztok Sb(IIl) po CPE separacii
a  prekoncentracii  namerané bez  modifikatora
a v pritomnosti dusi¢nanu paladnatého st znazornené na
obr. 1. Krivka termického rozkladu bola merana
vrozmedzi teplot 500-1800 °C akrivka atomizacie
v rozmedzi teplot 1400—2600 °C. Z nameranych zavislosti
je zrejmé, ze maximalna teplota termického rozkladu, kto-
r mozno pouZit' pri merani bez modifikatora je 900 °C
a 1300 °C pri merani v pritomnosti paladia. Pri porovnani
kriviek atomizacie mozno zhodnotit’, ze bez modifikatora
mozno pouzit' teplotu atomizacie 1800 °C apri pouziti
palédia je to 2400 °C. Zvycajne teploty nad 600 °C posta-
¢uju na eliminaciu organickej matrice, ktord zostava po
CPE postupe4, takze merania bez modifikatora by z tohoto
pohladu mohli postacovat, avsak vyssia citlivost’ ako aj
presnost’ merania boli dosahované v pritomnosti palddia.
Nakoniec boli vSetky nasledujice merania robené
s dusi¢nanom palddnatym, pri pouZiti teploty termického
rozkladu 1200 °C ateploty atomizacie 2500 °C (vid’
tab. I).

Optimalizacia CPE postupu: pH

V pripade kovovych chelatov, optimalne hodnoty pH
suvisia s optimalnymi hodnotami pH, pri ktorych vznikaju
stabilné neidnové komplexy. Rovnako vel'mi délezitd ulo-
hu zohrdva pH pri zlepSeni extrakénej ucinnosti
v pripadoch, pri ktorych sa nepouzivaju pridavky chelatac-
nych ¢inidiel, pretoze v tomto pripade pH ovplyviiuje cel-
kovy naboj analytu, ¢o nasledne ovplyviiuje vznik komple-
xu medzi kovom a poly(oxyetylén)-ovymi skupinami pou-
zitého tenzidu. Osobitni pozornost’ je potrebné venovat
vyberu vhodného pH v pripadoch, kedy je navrhovany
CPE postup pouzivany na Speciaciu kovov, pricom je dole-
zité, aby pri zvolenom pH iba jedna i6nova forma sledova-
ného analytu spolahlivo vytvorila neiénovy komplex, za-
tial' o ina i6nova forma sledovaného analytu pri danom
zvolenom pH neiénovy komplex tvorit nesmie®. Pri opti-
maliz4cii postupu pre selektivne stanovenie Sb(III)
v pritomnosti Sb(V) je prave tento parameter rozhodujici
pre navrhnutie spol'ahlivého CPE postupu. V naSom pripa-
de bolo pH studované v rozmedzi 1,0-8,0. Vysledky mera-
ni zn4zornené na obr. 2 poukazuji na to, Ze zatial' ¢o Sb
(IIT) bol kvantitativne extrahovany v rozmedzi pH 1,0-6,0,
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Obr. 2. Vplyv pH na extrakciu Sb(III), koncentracia Sb(III):
0,40 pg I""; koncentracia Sb(V): 0,40 pg 1™ koncentracia APDC:
0,10 % (m/v); koncentracia TX-114: 0,20 % (m/v)

Sb(V) bol kvantitivne extrahovany pri pH < 1,5. Pri pH > 4,0
nedochadzalo k tvorbe komplexu Sb(V) s APDC, a teda Sb
(V) nebol nasledne extrahovany do tenzidom obohatene;j
fazy. Na zaklade tychto vysledkov, selektivna separacia Sb
(IIT) od Sb(V) moze byt dosiahnuta pri pH 5,0-6,0. Nasle-
dujtce experimenty boli nakoniec robené pri pH 5,5 £ 0,1.
Tieto zavery podporuju zistenia, ktoré opisali vo svojej
préci Li a spol.”.

Optimalizacia CPE postupu: koncentracia APDC

Chelata¢né cinidlo pyrolidin ditiokarbamat aménny
(APDC) tvori velmi stabilné komplexy s prvkami, ktoré
maju prazdny d orbital alebo maju d orbital s nizkou ener-
giou, ako je to vpripade prechodovych kovov
a polokovov'’. Netvori komplexy s alkalickymi kovmi
a kovmi alkalickych zemin, ¢o je zvast’ vyhodné pri navr-
hovani CPE postupu pre (ultra)stopové prvky nachadzaju-
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Obr. 3. Vplyv koncentracie APDC na extrakciu Sb(III), kon-
centracia Sb(II): 0,40 pg I"'; koncentracia TX-114: 0,10 % (m/v)
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ce sa v prirodnych vodéach. V nasom pripade bol APDC
pouzity ako chelata¢né c¢inidlo pre Sb(IIl). Pre volbu
vhodnej koncentracie APDC bola zostrojena zavislost
extrak¢éna vytaznost’ vs. zvySujuca sa koncentracia APDC,
ktora je znazornena na obr. 3. Z nameranej zavislosti je
zrejmé, ze ku kvantitativnej extrakcii dochadzalo pri pre-
kroc¢eni koncentracie 0,01 % (m/v). Pre nasledujuce expe-
rimenty bola nakoniec zvolena koncentracia 0,02 % (m/v).

Optimalizacia CPE postupu: koncentracia TX-114

Z neiénovych tenzidov, ktoré mozno pre CPE postu-
py vyuzit bol zvoleny Triton X-114 (TX-114), a to vd’aka
svojim optimalnym fyzikalno-chemickym vlastnostiam
(nizka teplota potrebna na vytvorenie zakalu 23-25 °C, ¢o
je zvlast dolezité pri extrakceii termalne nestabilnych kovo-
vych chelatov; vysoka hustota 1,052 gml™, ¢o ulahéuje
fazovu separaciu). K jeho vyhodam patri tiez to, ze je
komer¢ne dostupny s vysokou Cistotou (za relativne nizku
cenu), je stabilny, neprchavy a netoxicky''. Pri volbe
vhodnej koncentracie TX-114 bola zostrojena zavislost
extrakéna vytaznost' vs. zvySujuca sa koncentracia TX-
114, ktora je znazornena na obr. 4. Z nameranej zavislosti
je zrejmé, Ze ku kvantitativnej extrakcii dochadzalo pri
prekroceni koncetracie 0,05 % (m/v). Pri pouziti koncen-
tracie vyssej ako 0,15 % (m/v) zacala extrakénd vytaznost’
klesat’ v dosledku zvySovania objemu tenzidom obohatene;j
fazy. Pre nasledujtice experimenty bola nakoniec zvolena
koncentracia 0,08 % (m/v).

Optimalizacia CPE postupu: koncentréacia
metanolického roztoku HNOj3

Pre znizenie viskozity tenzidom obohatenej fazy
amoznost bezproblémového nadavkovania vzorky do
grafitovej kyvety je d’alsim dolezitym krokom vyber vhod-
n¢ho Cinidla na riedenie tenzidom obohatenej fazy.
V pripade ETAAS detekcie sl najcastejSie pouzivanymi
¢inidlami metanolické alebo etanolické roztoky mineral-
nych kyselin (najcastej§ie HNO;). V naSom pripade sme
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Obr. 4. Vplyv koncentracie TX-114 na extrakciu Sb(III), kon-
centracia Sb(III): 0,40 pg I"'; koncentracia APDC: 0,02 % (m/v)
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Obr. 5. Vplyv inkubacnej teploty na extrakciu Sb(I1I), koncen-
tracia Sb(III): 0,40 pg I''; koncentracia APDC: 0,02 % (m/v);
koncentracia TX-114: 0,08 % (m/v)

otestovali metanol a metanolické roztoky s r6znou koncen-
traciou HNO; (0-0,3 mol I™). Zo ziskanych vysledkov
mozno urobit’ nasledovné zavery. Pouzitie Cistého metano-
lu viedlo k extrakénej vytaznosti okolo 85 %. Pri pouZiti
metanolickych roztokov s koncenraciou HNO; 0,2 mol !
a viac boli dosahované extrakéné vytaznosti nad 95 %. Na
zaver tejto Casti mozno skonstatovat, ze pridavok HNO; je
dolezity a napomaha vyhnuat’ sa stratdm analytu, ku ktorym
modze dojst’ napr. v dosledku jeho adsorpcie na stenu pou-
zitej nadoby. Pre nasledujuce experimenty bol nakoniec
zvoleny metanolicky roztok HNO; s koncentraciou
0,2 mol 17"

Optimalizacia CPE postupu:inkubacna teplota a Cas

Pre dosiahnutie maximalneho prekoncentracného
faktora je potrebné uskutocniovat CPE pri teplotach nad
teplotou potrebnou na vytvorenie zakalu'*". V nasom
pripade boli testované teploty v rozmedzi 25-65 °C. Ziska-
né vysledky st zndzornené na obr. 5. Extrakénd vytaznost’
presahujuca 95 % bola ziskana pri teplotich v rozmedzi
30-55 °C. Teploty nizsie ako 30 °C su nevhodné pre na-
vrhnutie spolahlivého CPE postupu, pretoze publikovana
teplota na vytvorenie zakalu pre TX-114 je 23-25°C
(cit."’). Teploty vyssie ako 60 °C st takisto nevhodné,
pretoze pri tychto zvySenych teplotach dochadza pravde-
podobne k termalnej degradacii Sb(II)-PDC komplexu.
Pre nasledujtice experimenty bola nakoniec zvolena teplo-
ta 45 °C. Pri tejto konStantnej teplote, bola zistovand aj
zavislost’ extrakénej vytaznosti od inkubac¢ného Casu. Tato
zavislost’ bola Studovana v rozmedzi ¢asov 1-10 min. Uz
¢as 1 min bol postacujuci pre kvantitativnu extrakciu Sb
(III). Pre zoptimalizovany CPE postup bol vSak zvoleny
inkubacny ¢as 5 min, pri ktorom bola dosahovana vysSia
reprodukovatelnost’.
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Optimalizacia CPE postupu: iénova sila
a Cas centrifugacie

Vplyv i6novej sily na extraként vytaznost Sb(III)
bol sledovany v pritomnosti znamych koncentracii NaCl.
Studované koncentréacie sa pohybovali v rozmedzi 0-3 %
(m/v). Extrakéné vytaznosti viac ako 95 % boli dosahova-
né bez ohl'adu na pouziti koncentraciu NaCl. Nakoniec
v navrhnutom CPE postupe nebol pouzity ziadny pridavok
NaCl.

Vplyv Casu centrifugacie na extrakéna vytaznost' Sb
(IIT) bol sledovany v rozmedzi ¢asov 5-20 min. Komplet-
na fazova separacia bola dosiahnutd uz po 5 min centrifu-
gacie. Tento cas bol nakoniec zvoleny a pouzity
v zoptimalizovanom CPE postupe.

Stadium interferencii

Vd'aka vysokej selektivite merania pri pouziti ETAAS,
hlavnd pozornost’ pri Stidiu interferencii bola venovana
prekoncentratnému kroku. Ako mozné interfenty boli
volené kovové iony, ktoré reaguju s APDC a mézu byt
nasledne spoluextrahované s Sb(IIl) do tenzidom obohate-
nej fazy. V tejto Casti Stadia sa pouzili modelové roztoky
s objemom 10 ml, ktoré obsahovali 0,40 pg 1™ Sb(III)
apotencialny interferent o rdznych koncentraciach.
Z testovanych pomerov (analyt : potencialny interferent) to
boli 1:5, 1:10 a 1:100 pre Ag(I), Cd(II), Co(II), Cu(Il), Mn
(II), Ni(II), Pb(II) a Se(1V), d’alsi pomer 1:500 bol testova-
ny pre Fe(Ill) a Zn(Il) a pomer 1:1000 pre Al(III) a As
(IID). Pri vsetkych tychto modelovych vzorkach boli dosa-
hované extrakéné vytaznosti v rozmedzi 90-110 %.

Vplyv ,,bezne* sa nachadzajucich kovov v prirodnych
vodach na extraként vytaznost’ Sb(III) bol studovany na
syntetickej vode™® s pridavkami $tyroch réznych koncen-
tracii Sb(IIl). Ziskané vysledky st uvedené v tab. II.
Z vysledkov je zrejmé, Ze alkalické kovy a kovy alkalic-
kych zemim nachadzajice sa v SV neovplyviovali selek-
tivne stanovenie Sb(III).

Pre overenie selektivneho stanovenia  Sb(III)
v pritomnosti Sb(V) bolo pripravenych piat modelovych
roztokov obsahujicich 0,40 pg 1™ Sb(IIl) s réznymi kon-
centraciami Sb(V). Sledované pomery Sb(III):Sb(V) boli
1:1, 1:5, 1:10, 1:20 a 1:40. Ziskané vysledky su uvedené

Tabul’ka IT
Stanovenie Sb(III) v syntetickej vode (SV) po CPE separa-
cii a prekoncentracii

Posters

Tabulka III
Stanovenie Sb(III) v modelovych roztokoch po CPE sepa-
racii a prekoncentracii

Sb(II1):Sb(V) Extrakéna vytaznost' [%]

1:1 99,2 +3,1
1:5 106,5+2,5
1:10 101,6 = 3.9
1:20 103,5+4,5
1:40 108,7+ 1,6

Vzorka Pridany Stanoveny Extrakéna
Sb(IIT) Sb(I1I) vytaznost’
[ugl™] [ug 1] [%]
Sv 0,40 0,41 +0,02 102,5
Sv 0,80 0,79 + 0,03 97,5
SV 1,60 1,68 + 0,02 105,0
Sv 3,20 3,26+ 0,01 101,9
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v tab. III. Extrak¢né vytaznosti v tychto modelovych roz-
tokoch sa pohybovali v rozmedzi 99-109 %.

Analytické parametre

Analytické parametre charakterizujice navrhnuty
postup su nasledovné. Relativna Standardnd odchylka
(RSD) ziskana pre 10 vzoriek s koncentraciou 0,40 pg 1™
Sb(III), ktoré boli pouzité pri opisanom CPE postupe bola
6,5 %. Prekoncentracny faktor (PF) pocitany ako pomer
smernic kalibra¢nych kriviek pre kalibratné roztoky po
CPE abez CPE separacie a prekoncentracie bol 28 (pri
povodnom objeme vzoriek 10 ml). Linedrny rozsah bol
medzi 0,10-3,50 pg I"' Sb(III). Ziskana kalibratna zavis-
lost’ mala smernicu 0,1882 (pre 5 Standardnych roztokov,
n = 3) a korela¢ny koeficient 0,998. Limit detekcie pocita-
ny ako trojnasobok Standardnej odchylky slepého pokusu
bol 30 ng 17"

Analyza redlnych vzoriek

Zoptimalizovana CPE metdda bola pouzita na selek-
tivne stanovenie Sb(III) v troch vzorkach jazernych vod
z Lubietovej (JV1, JV2 aJV3) ajednej kontaminovanej
vody (KV) z domacej studne z Komarna. Ziskané vysled-
ky st uvedené v tab.IV. Po pridani 0,40 pg 1™ Sb(III)
k tymto realnym vzorkam boli vypocitané extrakéné vy-
taznosti, ktoré sa pohybovali v rozmedzi 91-105 %. Spo-
lahlivost’ navrhnutého postupu bola overend analyzou
certifikovaného referencného materialu SLRS-4. V tomto
pripade sa stanovoval celkovy antimén po redukcii Sb(V)
na Sb(III) s pouzitim L-cysteinu'*",

Zaver

V prezentovanej praci je opisana optimalizacia CPE
postupu na selektivne stanovenie (ultra)stopovych koncen-
tracii Sb(III) v prirodnych vodach metddou ETAAS. Do-
siahnuty prekoncentracny faktor pri pouziti navrhnutého
postupu bol 28 (priCom pdvodny objem vzoriek bol
10 ml). Dosiahnuty limit detekcie bol 30 ng 1™, Zo ziska-
nych vysledkov je zrejmé, Ze prezentovany CPE postup
umoznuje znacne zvysit citlivost’ pouzitej detekénej meto-
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Tabulka IV

Posters

Selektivne stanovenie Sb(IIl) a stanovenie celkového Sb v redlnych vzorkach vod po CPE separécii a prekoncentracii

Vzorka Pridany [ug "] Stanoveny [ug 17']* Extrak&na vytaznost [%]
Sb(II) Sb(II) Sb(total)? Sh(II) Sh(total)

KV --- 0,35+0,04 2,06 + 0,05 - -
0,40 0,72 +£ 0,02 2,48 + 0,06 92,5 105,0

V1 - 0,13+ 0,02 2,25+ 0,01 --- -
0,40 0,51 +0,03 2,62+ 0,05 95,0 92,5

v2 --- 0,28 £ 0,04 2,20+£0,03 - -
0,40 0,69 + 0,02 2,58 +£0,02 102,5 95,0

JV3 -—- 0,44 + 0,01 2,93+ 0,03 - -
0,40 0,83 +£ 0,02 3,35+0,02 97,5 105,0

SLRS-4° - - 0,21 £ 0,03 --- 91,3
0,40 0,41 + 0,04 0,60 + 0,01 102,5 97,5

Priemer zo $tyroch stanoveni + §tandardna odchylka, °stanovené po redukcii Sb(V) na Sb(IIl) s pouZitim L-cysteinu,
¢ Certifikovana hodnota pre celkovy antimon: 0,23 + 0,04 ug 1!

dy pre stanovovany analyt. Na zaver mozno skonstatovat’,
ze extrakcia s vyuZitim teploty zdkalu micelarnych rozto-
kov ponuka relativne jednoduchu, rychlu, bezpecnt, do-
stupn a cenovo nendro¢nll alternativu v porovnani
s inymi separa¢no-prekoncentraénymi metédami’'.

Tato praca vznikla v ramci rieSenia projektov financ-
ne podporenych grantom Agentury na podporu vyskumu a
vyvoja LPP-0038-06 a Vedeckej grantovej agentury Minis-
terstva Skolstva SR a Slovenskej akadémie vied VEGA
1/0272/08.
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Abstrakt

Zmeny zlozenia mastnych kyselin (FA) rastlinnych
druhov porastu pocas pasienkovej sezony v dvoch meteo-
rologickych rozdielnych rokoch aich zmeny v ovfom
mlieku sa analyzovali plynovou chromatografiou. Zmeny
v obsahu cis-9,trans-11 18:2 (CLA) s primarne uréované
obsahom kyseliny a-linolénovej (ALA) v rastlinach pas-
tvy. ALA je najobsaznejSou FA porastu. Jej obsah
v suchsom roku 2007 od polovice méja do polovice augus-
ta klesol zo 62,4 % na 38,8 % (g 100 g" rastlinného tuku)
a potom v polovici septembra narastol na podobny obsah
ako v maji. Podobny trend sa zistil aj v zmene obsahu
CLA v mlieku, ked’ obsah 2,3 % v mé4ji klesol v juli na
1,3 % a v septembri narastol na 2,3 % (g 100 g”' mlie¢ne-
ho tuku). V roku 2008, ktory bol menej teply a s vacSim
avSak rozdielnym thrnom zrdzok pocas mesiacov pasien-
kovej sezony sa potvrdili najvyssie obsahy CLA v maji
(2,3 %) a v septembri (2,0 %), avSak minimum v sezonne;j
zmene obsahu CLA vmlieku (1,3 %) sa zistilo v juni
v zhode s vySSou priemernou teplotou a niz§im uhrnom
zrazok v porovnani s jilom 2008. Podl'a zloZenia mast-
nych kyselin v ov€éom mliecnom tuku, vratane obsahu
CLA, septembrové ovc¢ie mlieko bolo podobnej kvality
ako méajové mlieko.

Uvod

Zo zdravotného hladiska je ddlezité sledovat’ zloZe-
nie mlieka, najmd mastnych kyselin. Nasytené mastné
kyseliny C4-C10 (najmaé kys. maslové), mononenasytené
(najmi kys. olejova) a polynenastytené kyseliny (najmi
n-3 kyseliny) sa povazujl za potencialne zdraviu prospes-
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né, zatial' Co nasytené mastné kyseliny C12-C16 ako aj
niektoré trans-kyseliny st zhladiska srdcovocievnych
ochoreni rizikové. Preto je dolezité kvantifikovat’ zme-
ny obsahu v krmivach pritomnych prekurzorov mastnych
kyselin mlie¢neho tuku, aby sa zistili moznosti modifika-
cie obsahu zdraviu prospesnych mastnych kyselin
v mlie¢nych produktoch. Vedeckovyskumny zaujem sa
sustred’uje najmé na izoméry konjugovanej kyseliny okta-
dekadiénovej (CLA), ktoré sa vyznacuji potencidlnymi
antikarcinogénnymi, antiaterogénnymi, antidiabetickymi,
antiobezitnymi ako aj imunomodula¢nymi u¢inkami.

Najvyznamnej$im faktorom ovplyviiujucim obsah
CLA v mlieku je krmivo. Holandski autori' kongtatovali,
ze za ostatné Styri desatroCia sa zloZenie mastnych kyselin
mlieka stalo pre 'udské zdravie menej vhodné v suvislosti
so zmenami v kfmeni a v manazmente zvierat vzhl'adom
na vyss$i podiel koncentratov a silaze v kimnych davkach
a mens$im podielom pastvy. Udavaju, ze obsahy esencial-
nych mastnych kyselin (kys. a-linolénovej ALA akys.
linolovej LA), ako aj CLA v mlieénych produktoch vyz-
namne poklesli. Zistilo sa, ze mlieko a mliecne produkty
prezivavcov kimenych pasenim maju vyss$i pomer nenasy-
tenych k nasytenym mastnym kyselinam, viac polynenasy-
tenych mastnych kyselin, vratane CLA, v porovnani
s mliekom prezavavcov kimenych silazou a koncentratmi.
Stadiom vztahov medzi obsahom kyselin porastu konzu-
movanej preziivavcami a zloZzenim ich mlie¢neho tuku sa
zistilo, ze pritomnost’ CLA v mlie¢nom tuku prezivavcov
je vysledkom izomerizacie a biohydrogenacie kys. a-lino-
lénovej a linolovej, ako hlavnych nenasytenych mastnych
kyselin v travnych porastoch, bachorovymi baktériami
a aktivitou A-9 desaturazy v mlie¢nej zPaze’. Dhiman’
zistil, ze obsah ALA v krmive zvySoval obsah CLA
v kravskom mlieku, ked obsahovy pomer LA/ALA
v krmive bol 1:1 alebo mensi, a obsah LA v krmive zvySo-
val obsah CLA v mlieku, ked’ obsahovy pomer LA/ALA
v krmive bol 5:1 alebo vacsi.

Obsah CLA v mliecnom tuku méZe byt modifikova-
ny krmivom s rozdielnym obsahom tukovych prekurzorov.
Obsah prekurzorov v krmive zavisi od rastlinnych druhov
porastu, stupfia zrelosti rastlin, teploty a intenzity svetla®.
Dewhurst a King’ zistili, ze Cerstva trava mala vy3§i obsah
ALA aLA ako zvednutd triva a travové seno. Clapham®
analyzou profilov mastnych kyselin 13-tich rastlinnych
druhov pocas troch oddelenych zberov v trojtyzdinovych
intervaloch za sklenikovych podmienok zistili, Ze obsah
mastnych kyselin, vratane ALA a LA, klesal so stupniom
zrelosti rastlin na polovicu az tretinu obsahu. Travy si vSak
zachovali podobné zlozenie mastnych kyselin, ked’ obsah
ALA bol v priemere 66 % a LA 13 % z celkového obsahu
mastnych kyselin. Dhiman’ zistil, Ze mlieko krav pasenych
na poraste bez pridavku zrna alebo koncentratov obsaho-
valo 500 % viac CLA ako mlieko krav kimenych zrnom
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a koncentratom. Tieto vysledky dokumentuja, ze pasenie
je najlepsi prirodzeny spdsob zvySenia obsahu CLA
vmliecku aj v mise prezavavcov. Vyssi obsah CLA
v mlieku preziivavcov kifmenych na mladom poraste sa
vysvetluje tym, ze Cerstva trava podporuje syntézu CLA
zvySenou aktivitou A-9 desaturdzy v mliecnej Zzl'aze
a prispevkom d’algich zatial’ neznamych faktorov®.

Vplyv krmiva oviec na profil mastnych kyselin
v mlieku pocas prechodu zo zimného krmiva na pastvu aj
v suvislosti s mensou dostupnostou krmiva pocas letnej
sezony sme $tudovali v predchadzajiicej praci’. Ciefom
tejto prace bolo plynovou chromatografiou analyzovat
zmeny zlozenia mastnych kyselin porastu pocas pasienko-
vej sezony april — september v meteorologicky rozdielnych
rokoch 2007 a 2008, ako aj zodpovedajice zmeny zlozenia
mastnych kyselin v ovéom mlieku.

Materialy a metody

Agrobotanické a rastlinné druhy pasienka pocas pa-
sienkovej sezony april — september 2007 na experimental-
nej farme Ustavu chovu oviec a koz v Trencianskej Teplej
sa analyzovali metodou projektivnej dominancie'® raz
mesacne s vynimkou jula. Vzorky rastlinného materialu
z piatich stanovist (50 x 50 cm) sa homogenizovali
a stanovili sa podiely botanickych skupin (travy, bobovité
a byliny) ako aj rastlinné druhy tychto skupin. Priemerné
rastlinné vzorky ako aj tri dominantné rastlinné druhy bo-
tanickych skupin v jednotlivych mesiacoch pasenia sa
analyzovali plynovou chromatografiou na obsah individu-
dlnych metylesterov mastnych kyselin''. Statisticky sa
vysledky botanickej analyzy rastlinnych vzoriek nevyhod-
notili, pretoZze na analyzu boli dostupné iba priemerné
vzorky. V roku 2008 sa mesacne vzorkovali iba priemerné
vzorky pasienka. Obsah tuku v rastlinnych vzorkach sa
stanovil metddou Soxhlet-Henkel.

Na experimentalnej farme v Trencianskej Teplej sa
chovalo 350 mlie¢nych oviec troch plemien (zoSl'achtena
valaska, cigéja, lacaune) a ich krizenci. Pocas pasienkovej
sezony od polovice aprila do polovice septembra sa ovce
pasli na prirodnom trdvnom pasienku a prikrmovali sa
koncentrovanym krmivom 0,2 kg/den pocas strojového
dojenia. Vzorky ovc¢ieho mlieka na plynovochromatogra-
fickll analyzu mastnych kyselin sa odoberali dvakrat me-
sacne. Meteorologické podmienky, priemerna teplota
vzduchu (°C) apriemerny uhrn atmosférickych zrazok
(mm) pocas pasienkovej sezony v Trencianskej Teplej
v roku 2007 a 2008 st uvedené v tab. I.

Obsah mastnych kyselin rastlinnych a mlie¢nych
vzoriek sa analyzoval nasledovne''. Lipidy rastlinnych
amlieCnych vzoriek sa extrahovali zmesou chloroform-
metanol (2:1), extrakty sa filtrovali cez bezvody siran sod-
ny apotom suSili askladovali pri —18 °C. Na pripravu
metylesterov mastnych kyselin sa pouzil zasadou katalyzo-
vany metylacny postup roztokom metoxidu sodného
v metanole. Plynovochromatografické merania rastlinnych
amlieCnych extraktov sa uskutonili na plynovom chro-
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Tabulka I

Priemerna dennd teplota (°C) a priemerny denny uhrn zra-
zok (mm) pocas pastevnej sezony v Trencianskej Teplej
v rokoch 2007 a 2008.

Priemerna denna Priemerny denny
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teplota [°C] thrn zrazok [mm]
2007 2008 2007 2008
April 11,0 10,0 0,1 1,5
Maj 16,4 14,8 3,0 1,8
Jun 18,6 19,0 3,5 2,6
Jul 19,4 19,8 2,3 3,5
August 19,4 18,3 2,5 2,6
Priemer 17,0 16,3 2,29 2,4
matografe Agilent Technologies 6890N

s plamenovoionizaénym  a hmotnostnospektrometrickym
detektorom. Metylestery mastnych kyselin sa separovali
v kapilarnej kolone 60 m x 0,25 mm x 0,25 pm zmocenej
s DB-23 ako stacionarnou fazou, pri programovani teploty
kolony 70-240 °C. Na separaciu a stanovenie reten¢nych
¢asov plynovou chromatografiou neseparovaného tripletu
izomérov CLA, vratane izoméru cis-9,trans-11 18:2, sa
pouzila chemometricka dekonvolucia'”. Separované zloz-
ky sa identifikovali podl'a referenénych materialov, publi-
kovanych plynovochromatografickych retencnych udajov
a hmotnostnospektrometrickych tdajov. Kvantitativne sa
chromatogramy vyhodnotili metédou vnutornej normaliza-
cie pouzitim publikovanych relativnych odozvovych fakto-
rov plamenovoionizaéného detektora pre metylestery
mastnych kyselin'?.

Vysledky a diskusia

Zmeny zloZenia mastnych kyselin v rastlinach
porastu

Pocas pasienkovej sezony boli zistené vyznamné
zmeny v zloZeni botanickych druhov ako aj rastlinnych
druhov. Po celt sezonu mali najvysSie zastlipenie v poraste
travy, ktorych podiel v poraste pocas mesiacov april —
august rastol z 50 % na 82 %, a v septembri klesol na 64
%. Obsah bobovitych v poraste v obdobi april — maj rastol
720 % na 27 %, v obdobi jun — august klesol z 18 % na 7
%, a v septembri stipol na 25 %. Obsah bylin v poraste
klesal z30 % v aprili na 11 % v septembri. V poraste sa
identifikovalo 27 rastlinnych druhov. V mesiacoch april —
m4j v poraste prevladal Bromus inermis Leys (28—40 %),
v mesiacoch jin — august Festuca rubra L. (42-45 %),
a v septembri Dactylis glomerata L. (31 %). Z d’alsich
rastlin bola najvyznamnejSia Trifolium repens L., ktorej
obsah 20-25 % z maja — aprila klesol do augusta na 6 %,
a potom v septembri stipal na 18 % (obsah podobny ako v
aprili).
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Obsah tuku v priemernej rastlinnej vzorke stipal
z 3,4 % v aprili na 3,5 % v maji, 3,8 % v juni, v auguste
klesol na 3,2 %, a v septembri stipol na 4,2 %. Obsah tuku
v jednotlivych rastlindch sa so sezénou menil rozdielne,
pre Bromus inermis Leys je charakteristicky nérast obsahu
tuku z 3,4 % v auguste na 4,4 % v septembri, pre Trifolium
repens L. narast v obdobi april — jun z 3,3 % na 4,2 %,
v auguste pokles na 3,3 %, a v septembri narast na 4,1 %.
Obsah tuku v Achillea millefolium L. rastol z 3,1 % v aprili
na 5,5 % v jani, v auguste klesol na 4,2 %, a v septembri
sa zvysil na 5,2 % (obsah podobny ako v juni). U vsetkych
troch rastlinnych druhov sa pozoroval nérast obsahu tuku
z aprila do jina, potom v auguste dochadzalo k poklesu
a v septembri k vyznamnému narastu obsahu tuku na hod-
noty porovnatelné s najvys$§im obsahom tuku pocas celej
pasienkovej sezony.

Pocas pasienkovej sezony v TrenCianskej Teplej,
pasienkovy porast obsahoval Styri hlavné mastné kyseliny:
ALA, LA, kys. palmitova (PA) a kys. olejova (OA), kto-
rych celkovy obsah v priemere bol 90 %. V priebehu pa-
sienkovej sezony sa obsah tychto mastnych kyselin a ich
vzdjomny  pomer Vv priemernej vzorke  porastu
aj v jednotlivych rastlinich menil. NajobsaZnejSia mastna
kyselina v priemernej rastlinnej vzorke bola ALA, ktorej
obsah od maja do augusta klesal zo 62 % na 39 %,
a v septembri stapol na 60 %, teda na podobny obsah ako
na zaciatku sezony v aprili. Obsah LA ako druhej najob-
saznejsej kyseliny stiipol od aprila — méaja zo 14 % na 20
% v auguste, a potom v septembri klesol na 17 %. Obsah
PA v poraste stupol od aprila do juna z 13 % na 19 %,
potom v septembri klesol na 13 %, ¢iZe na podobny obsah
ako v aprili. Obsah OA stiipol z méjovych 1,3 % na 8,8 %
v auguste, a v septembri klesol na 1,8 % (na obsah podob-
ny ako na zaciatku sezony).

Podobné sezénne zmeny v obsahu mastnych kyselin
sa zistili aj u dominantnych rastlinnych druhov. Tieto zme-
ny v obsahu mastnych kyselin sa najvyraznejSie prejavili
pri Trifolium repens L., ktora bola medzi tromi dominant-
nymi rastlinnymi druhmi porastu pocas celej pasienkovej
sezony. Obsah najobsaznejsej ALA klesol zo 61 % v aprili
— maji na 48 % v jini — auguste, a v septembri narastol na
63 % (obsah podobny ako na zaciatku sezény). Obsah LA
narastol zo 14 % v aprili — m4ji na 19 % v jini — auguste,
a potom v septembri klesol na 17 %. Obsah PA narastol
z 12 % v aprili — maji na 18 % v jini, v auguste klesol na
14 %, a v septembri na 11 % (podobny obsah ako v aprili).
Z ostatnych rastlinnych druhov pre Achillea millefolium L.
obsah ALA klesol z 55 % v aprili — m4ji na 48 % v juni,
obsah LA stipol z 20 % v aprili — m4ji na 24 % v juni,
a obsah PA stupol zo 14 % v aprili — m4ji na 18 % v juni.
Aj ked sa do porovnania vzali zmeny obsahu mastnych
kyselin pre zostavajice pasienkové rastlinné druhy
(Bromus inermis Leys. a Festuca rubra L.) vSeobecne
plati, ze obsah ALA v rastlinich v mesiacoch april — au-
gust klesal a potom v septembri narastol na obsah ako na
zaciatku sezony. Obsah LA v rastlindch rastol v aprili —
auguste a potom v septembri klesol. Obsah PA v rastlinach
rastol v aprili — jini, a potom do septembra klesal. Obsah
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OA vrastlinaich rastol od aprila do augusta, potom
v septembri klesol na Groveti obsahu v aprili. Teda na roz-
diel od vysledkov Claphama®, ktori zistili relativne
s Casom sa nemeniace zloZenie mastnych kyselin Studova-
nych rastlin v sklenikovych podmienkach, v nasich pasien-
kovych podmienkach dochadzalo k zmenam frakéného
prispevku jednotlivych mastnych kyselin k ich celkovému
obsahu.

Priemerny obsah zlozenia FA z troch experimental-
nych miest v Trencianskej Teplej v roku 2008 sa porovnal
so zlozenin FA v pastve v roku 2007. Najvicsie rozdiely
boli v obsahu ALA, ktord sa pocas sezény v roku 2008
menila len minimalne (priemerny obsah 51,2 %)
v porovnani s rokom 2007, a obsah ALA v maji (57,2 %)
aseptembri (50,4 %) bol niz§i av juini—auguste vyssi
(51,9 %) ako v roku 2007. Pokles v obsahu ALA bol spre-
vadzany narastom obsahu LA podobne ako v roku 2007.

Zmeny zlozenia mastnych kyselin v ovéom mlieku

Zmeny zlozenia najvyznamnejSich mastnych kyse-
lin v rastlinnych vzorkach a zodpovedajice zmeny zloze-
nia vyznamnych mastnych kyselin v ovéom mlieku
v priebehu pasienkovej sezony v TrencCianskej Teplej su
zndzornené na obr.l. Obsah CLA v mlieku na zaciatku
pasienkovej sezony bol pomerne vysoky (2,3 %), porovna-
tel'ny s najvyssimi obsahmi CLA v mlieku pasenych oviec
ako aj krav'®, potom klesol v juli na 1,3 % a nésledne na-
rastol na 2,3 % v strede septembra, teda na obsah podobny
ako na zaciatku sezény. Tieto zmeny v obsahu CLA
vmliecku  zodpovedaju  zmenam vobsahu ALA
v rastlinnych vzorkach v priebehu pasienkovej sezony, jej
vysokym obsahom (60 %) v poraste na zaciatku a na konci
pasienkovej sezony, ako aj niZSiemu obsahu (39 %)
v auguste. Sezoénny 35 % pokles v obsahu ALA v poraste
zodpovedal 45 % poklesu obsahu CLA v mlieku.

Monoténny pokles obsahu CLA (aj ALA) v ov€om
mlieku z 2,2 % na 1,1 % pocas pasienkovej sezény (druha
polovica februara — prva polovica jina) publikovali
Nudda'®. Na§ experiment ukazal po poklese v obdobi maj
— jul na opidtovny narast obsahu CLA v septembrovom
mlieku na obsah CLA porovnatel'ny s majovym mliekom.
To je vzhode so =zvySenym obsahom ALA
v septembrovom pasienkovom poraste. Nase vysledky
dokazuju, ze z hl'adiska zlozenia mastnych kyselin ov¢ieho
mliecneho tuku, vratane obsahu CLA, je septembrové
ovCie mliecko azneho vyrobené mlie¢ne produkty
(bryndza) podobne;j kvality ako majové mlieko.

Charakteristicky pokles obsahu CLA v mlieku
a obsahu ALA v poraste pocas letnej pasienkovej sezony
suvisel s meteorologickymi podmienkami roku 2007, ktory
bol v Trencianskej Teplej vel'mi teply a uhrny zrazok niz-
Sie ako priemerné (tab. I). Meteorologické podmienky v r.
2008 sa v porovnani s r. 2007 vyznacovali nizSou priemer-
nou teplotou a vys$§imi thrnmi zrazok pocas pasienkovej
sezOny, o sa prejavilo aj vo vyssej priemernej relativnej
vlhkosti vzduchu (72,4 % resp. 69,7 %). Meteorologicky
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Obr. 1. Zmeny v zloZeni mastnych kyselin (FA) v pastve
(prerusovana ¢iara) a v ovfom mlieénom tuku (plna ¢iara)

pocas pasienkovej sezony v Trencianskej Teplej v roku 2007
(g100¢™)

priaznivejsi rok 2008 sa v porovnani s rokom 2007 prejavil
stalejsim zlozenim mastnych kyselin porastu pocas pasien-
kovej sezony, vratane vysSieho obsahového pomeru ALA/
LA v letnych mesiacoch (2,4 resp. 2,0) a nizSicho pomeru
(3,1 resp. 4,0) v m4ji a septembri. Najviac sa zmenil obsah
LA, ktory bol v roku 2008 v priemere vyssi 02,2 % (12 %
rel.).

Na obr.2 su znazornené zavislosti obsahu CLA
vmlieku od obsahu ALA vporaste na pasienku
v Trencianskej Teplej na zaklade merani v r. 2007 a 2008.
Z obrazku je zrejmé, ze zavislosti obsahu CLA v mlieku
od mesiaca pasienkovej sezony pre obidva roky su dost’
podobné. Predsa vSak najnizs$i obsah CLA v mlieku (1,3
%) sa vr. 2008 zistil v juni a v roku 2007 v juli, v zhode
s vySSou priemernou teplotou v juni 2008 (19,0 °C) ako
v juni 2007 (18,6 °C), ako aj s niz8§im thrnom atmosféric-
kych zrazok v jini v roku 2008 (2,6 mm) ako v jini roku
2007 (3,5 mm). Vyssie teploty a nizSie thrny atmosféric-
kych zrazok nepriaznivo ovplyviiuju vegetaciu pasienko-
vého porastu atym aj kvalitu mlieka, v dosledku zmien
v obsahu prekurzorov mastnych kyselin, biohydrogenacnej
aktivity bachorovych baktérii apH bachora, ako
aj vzhladom na mensiu dostupnost’ vegetacie a s tym savi-
siace relativne zvySenie podielu koncentrtu priddvaného
pri dojeni k celkovému krmovinovému prijmu oviec.
V suvislosti s uplatiiovanim sa tychto rozdielnych faktorov
sa obsah ALA v poraste v priebehu meteorologicky priaz-
nivejSej pasienkovej sezony 2008 nemenil tak vyrazne ako
vr.2007.

Pomer obsahu LA/ALA v poraste pocas pasienkovej
sezony v Trencianskej Teplej rastol v r. 2007 z 0,23 v méji
na 0,42 v juni, na 0,51 v auguste, a v septembri klesol na
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0,28 (pomer podobny ako v méji). Dhiman® uviedli, Ze
obsah CLA v kravskom mlieku sa zvySoval, ked’ obsahovy
pomer kyselin LA/ALA v krmive bol < 1:1, a podobny
tidaj pre byvolie mlieko publikovali Tyagi'®. Tieto vysled-
ky potvrdzuja, Ze zistené zmeny v obsahu CLA v ovéom
mlieku pocas celej pasienkovej sezoény s primarne urco-
vané obsahom ALA v poraste.

Na rozdiel od vyssie uvedenej publikacie Nuddu'’,
v ktorej sa uvadzal pokles ALA v ovéom mlieku pocas
pasienkovej sezony z 1,1 % na 0,7 %, v tejto praci sa zistil
narast obsahu ALA v mlieku vr. 2007 z 1,1 % v m4ji na
1,5 % vauguste, avr. 2008 z1,0 % vmaji na 1,7 %
v auguste (obr. 1). Tento rozdiel v trendoch zmien obsahu
ALA v ovcom mlieku pocas pasienkovej sezony nasho
a talianskeho pasienka pravdepodobne suvisel s rozdielmi
v bachorovom prostredi (type baktérii, pH), ktoré v naSom
pripade znizuji biohydrogena¢nu aktivitu v bachore, ¢im
sa zvySuje obsah ALA ako zbytkového prekurzora
v mlieku.

Zaver

Zmeny v zloZeni mastnych kyselin rastlinnych dru-
hov pocas pasienkovej sezény v dvoch meteorologicky
rozdielnych rokoch azmeny mastnych kyselin v ovéom
mlieku sa analyzovali plynovou chromatografiou. Zmeny
obsahu cis-9,trans-11 18:2 (CLA) v mlieku st primarne
urc¢ované obsahom Kkys. o-linolénovej (ALA) v pasien-
kovom poraste. Obsah ALA ako najobsaZznejSej mastnej
kyseliny v pasienkovom poraste v suchSom roku 2007
klesal z polovice maja do polovice augusta zo 62,4 % na
38,8 % (g 100 g ' rastlinného tuku) a v polovici septembra
sa zvySil na obsah ako v ma4ji. Podobne, obsah CLA
v mlieku z 2,3 % (g 100 g 'mlie¢neho tuku) v maji klesol
na 1,3 %v juli anasledne sa zvysil na 2,3 % v septembri.
V roku 2008, ktory bol pocas pasienkovej sezény chlad-
nejsi a vlhsi, najvyssi obsah CLA sa zistil tiez v maji (2,3
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Obr. 2. Zmeny v obsahu cis-9,trans-11 18:2 (CLA) v ovéom
mlieku a o-linolénovej kyseliny (ALA) v pastve (g 100 g™)
pocas pastevnej sezény v rokoch 2007 a 2008
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%) a v septembri (2,0 %), avSak minimalny obsah CLA
v mlieku (1,3 %) sa zistil v jini v zhode s vySSou priemer-
nou teplotou a mensimi zrazkami v porovnani s julom
2008. Podla zlozenia mastnych kyselin ov¢ieho mlieka,
najmd vzhl'adom na obsah CLA, septembrové ovéie mlie-
ko bolo podobne;j kvality ako majové mlieko.

This work was supported by the Slovak Research and
Development Agency under the contract Nos.APVV-0163-
06, LPP-0198-06, and Grant Agency VEGA under the
projects Nos. 1/0297/08 and 1/0298/08.
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Introduction

A consistent statistical comparison of two quantita-
tive laboratory methods is a frequent task performed in
analytical laboratories and represents also a necessary step
when a new analytical method is validated. The method
comparison itself is usually made by linear regression,
which uses a series of results obtained by the investigated
and the reference methods, which measure the same ob-
jects. The results of the measurements made by the refer-
ence method are usually plotted on the horizontal (X) axis
and those corresponding to the investigated method are
plotted on the vertical (Y) axis. Then the slope of the re-
gression dependence is tested with respect to the theoreti-
cal value 1.0, supposed by the null hypothesis of the t-test,
and the same test is also applied to find whether the inter-
cept is or is not significantly different from 0.0 (supposed
by the null hypothesis). A proportional systematic error is
indicated when a significant difference between the ob-
served and theoretical slopes is found. Similarly, a signifi-
cant difference between the observed and theoretical inter-
cepts is an indication of a constant systematic error. In
case of discordant results confirmed by either of the tests,
it is not possible to find, just using these tests, which one
of the compared methods is incorrect. Nevertheless, it is
possible and useful to use these findings for harmonization
of the compared methods'.

Ordinary least-squares regression analysis (OLS)
presumes that the measurements for one of the methods
are without random error, i.e., the corresponding standard
deviation is zero, and that the standard deviation for the
other method is constant throughout the measurement
range. Both assumptions are not always fulfilled. There-
fore, it is reasonable to consider alternatives to ordinary
least-squares regression analysis for assessment of the
methods comparison.
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Weighted least-squares regression analysis allows for
a non-constant standard deviation for the investigated
method (Y), but it is still presumed that the reference
method (X) is without random measurement errors.
Weights are introduced in the way that are inversely pro-
portional to the squared standard deviation of ¥ measure-
ments at a given concentration.

The Deming regression (DR) allows measurement
errors for both compared methods, requiring that the ratio
between their analytical standard deviations is known. The
DR is primarily used when the standard deviations are
constant. The deviations between the observed and regres-
sion points are considered along the line, which is not par-
allel to Y axis but is located at an angle determined by the
ratio A of the variances of the compared methods, A = sx*/
sy2. Then, as it is obvious in the least squares method, the
sum of squared deviations is minimized. A weighted modi-
fication of the DR takes into account non-constant meas-
urement errors for both methods. It still has to be pre-
sumed that the ratio between the variances or standard
deviations is constant. This is true for the common situa-
tion with standard deviations proportional to concentration
(constant relative standard deviations or coefficients of
variation) for both methods”. Orthogonal regression (OR)
is a special case of DR assuming that the mentioned ratio
A= 1, which means that the effect of random errors on
both variables is equal.

In addition to the above mentioned parametric alter-
natives (fulfilling assumptions about distribution of er-
rors), several nonparametric versions of linear regression
were established in the method comparison studies, of
which the Passing—Bablok regression (PB) probably is the
most widely used variant’. PB is based on the rank prin-
ciple and is claimed insensitive to outliers so that it is bet-
ter in this aspect than its parametric counterparts.

Haemoglobin A;. (HbA,.) is an important marker for
long-term assessment of glycemic state in patients with
diabetes. Glycation is the nonenzymatic addition of a sugar
residue to amino groups of proteins. Numerous proteins in
the body are glycated, but glycated haemoglobin (GHb) in
blood is the analyte most widely used clinically to monitor
the glycemic control. The concentration of GHb is directly
proportional to the mean concentration of glucose in the
blood and the lifespan of erythrocytes (the mean
120 days). Thus, the GHb concentration represents an inte-
grated value for glucose over the preceding 2—3 months.
GHbD provides a very suitable index of glycemic control
that is free of the wide diurnal glucose fluctuations and is
unaffected by recent exercise or food ingestion®.

Non-enzymatic protein glycation plays a role in the
evaluation of metabolic control, and in our understanding
of the pathogenetic mechanisms of chronic complications
and the relationship between metabolic equilibrium and
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the development of complications in diabetes. Measure-
ment of early glycation products has shown itself to be
aprecious and consolidated instrument in the metabolic
monitoring of diabetic patients. The possibility of being
able to monitor some intermediate and advanced glycation
end-products will certainly provide important information
on the pathogenesis and progression of chronic complica-
tions, and will be useful in verifying the effectiveness of
anti-oxidants and glycating substances in diabetes’.

Most of the HbA - methods are certified for trace-
ability to the Diabetes Control and Complication Trial
(DCCT) designated comparison method, which originally
was a high-performance liquid chromatography (HPLC)
method (Bio-Rex 70, Bio-Rad)®. In the US, an HPLC
method was introduced as the designated comparison
method for the US National Glycohemoglobin Standardi-
zation Program (NGSP)’.

Since there was no internationally agreed reference
method, the International Federation of Clinical Chemistry
Working Group (IFCC) on HbA,. Standardization devel-
oped a new reference method. In the first step haemoglo-
bin is cleaved into peptides by the enzyme endoproteinase
Glu-C, and in the second step the glycated and non-
glycated N-terminal hexapeptides of the B-chain obtained
are separated and quantified by HPLC and electrospray
ionisation mass spectrometry or in a two-dimensional ap-
proach using HPLC and capillary electrophoresis with
UV-detection. Both principles give identical results. HbA .
is measured as the ratio between the glycated and non-
glycated hexapeptides. Calibrators consisting of mixtures
of highly purified HbA,. and HbA, are used'’. However,
the new IFCC reference system gives measurements of
HbA . between 1 and 2 % lower than used in the DCCT
for persons with type 2 Diabetes Mellitus. The reason for
this is the lack of specificity of the original BioRex 70
HbA ;. assay“.
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Although NGSP harmonization have improved
HbAlc standardization along the preceding time, now the
new better IFCC program, which is scientifically superior
in concept and system, has been available. It should re-
place the DCCT methods in the near future with consensus
and agreement from all related healthcare teams and pa-
tients to take the full advantages of this new reference
systemlz.

Experimental
HbA . measurement

Two automatic analyzers were used, Advia and Hi-
tachi. Chemistry Systems Bayer (Advia 1200) provides the
NGSP — calibrated assay. On the other hand, Roche Diag-
nostic Systems (Hitachi 912) is calibrated according to the
IFCC reference method. The HbA,, values were deter-
mined using both methods.

The data set of 53 patient samples was used, 27 men
from 27 to 82 years, and 26 women from 31 to 78 years.
All patients were medically treated with respect to Diabe-
tes Mellitus 2.

Method comparison

The method comparison study was performed by
Deming regression, Passing-Bablok method, orthogonal
regression, weighted Deming regression, and, just for
comparison, by ordinary least squares and weighted ordi-
nary least squares methods. Several software commercial
packages were used, particularly Analyse-it', ver. 2.12,
MedCalc', ver. 10.4.0.0. and JMP', ver. 8. The variances
ratio A and its reciprocal value § were obtained from paral-
lel measurements.

Table I

Tﬁz Somparison of IFCC-derived NGSP and NGSP HbA. values according the Master Equation

Method * Parameter b, bo biL by boL bou
DR Analyse-it A=1.425 0.932 0.211 0.899 0.965 —-0.036 0.458
DR MedCalc A=1.422 0.932 0.207 0.899 0.966 —0.041 0.456
DR JMP 5=0.702 0.931 0.216 0.903 0.961 n.c. n.c.
OR JMP A=1 0.931 0.219 0.903 0.960 n.c. n.c.
WDR Analyse-it A=1.303 0.943 0.122 0916 0.970 —-0.068 0.312
PB Analyse-it 0.940 0.107 0.910 0.972 -0.112 0.354
PB Medcalc 0.940 0.100 0.910 0.973 —-0.123 0.356
OLS Analyse-it 0.926 0.263 0.897 0.955 0.016 0.509
WLS Analyse-it 0.939 0.153 0.913 0.966 —-0.046 0.353

*DR — Deming regression, OR — orthogonal regression, WDR — weighted Deming regression, PB — Passing-Bablok regression, OLS —

ordinary least squares, WLS — weighted least squares. A

sx/sy2, 8 = sy*/sx> Indices L and U denote lower and upper limits of the

corresponding confidence intervals, resp., both for the slope 5, and intercept by; n.c. - not calculated by the used software.
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Results and Discussion

The values of the mean and the standard deviation
(SD) of HbA,. determination were 8.32+1.98 % and
8.3242.13 %, from Hitachi and Advia, respectively. The
relationship between NGSP and IFCC methods is de-
scribed by the following Master Equation'®:

NGSP-HbA . = 0.9148(IFCC-HbA ) + 2.152 (%)

Comparison of both methods was performed using
four regression techniques, which respect the fact that
neither of the methods is error-free. Moreover, several
kinds of software, nowadays common for clinical chem-
ists, were utilized in order to give a suitable overview on
the regression techniques as well as the practical ways of
calculations.

The comparison of the IFCC-derived NGSP values
found according to the Master Equation and originally
determined NGSP HbA,. values shows (Table I) that the
slope is significantly different from 1, whereas the inter-
cept is not significantly different from 0 (except OLS,
where is intercept significantly different from 0). It means
that the using of the Master Equation adjust the difference
between the two reference methods (as follows from the
above Master Equation), but deflects the line so that the
differences are pronounced particularly for higher HbA,,
values. In other words, the shift of about 2 % between the
compared methods has been corrected but at the expense
of non-theoretical slope, as shown e.g. on Fig. 1.

Deming regression and orthogonal regression provide
almost equivalent results. Another couple of similar results
provide weighted Deming regression and Passing-Bablok
method, which are not too far from the previous couple of
methods. Due to relatively good agreement between Pass-
ing-Bablok method and remaining three techniques it may
be stated that there is no outlier in the data sets otherwise
the results of the robust PB method would be significantly

Hitachi_NGSP_ME

10
Advia_NGSP

Fig. 1. Comparison of the IFCC-derived NGSP values (via
Master Equation) and measured by Hitachi 912 and authentic
NGSP values measured by Advia 1200 using Passing Bablok
regression and MedCalc software
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Fig. 2. Difference plot (Hitachi NGSP_ME - Advia_NGSP)
vs. the mean of both methods constructed by software Ana-
lyse-It

different. An excellent agreement between OR and DR is
caused by the lambda values in DR set not too different
from 1. In any case, the final result is the same for all four
techniques — the confidence interval for the intercept con-
tains zero and the confidence interval for the slope does
not contain one.

In clinical chemistry, in addition to the use of regres-
sion techniques an illustrative way of comparison provides
also the graphs invented by Bland and Altman'’, where the
differences between the compared methods are well visi-
ble. Among the used software packages, Analyse-it and
MedCalc provide this possibility. At the same time they
allow verify the assumption about the normal distribution
of the differences. The graph is complemented also by the
lines expressing the boundaries of 95 % reliability inter-
vals. Software Analyze-it exhibits also the identity line
showing the consistency of the methods. Considering the
significant bias from the identity line, Fig. 2 expresses the
disagreement of the compared methods. Moreover, the
points not parallel to the horizontal axis indicate non con-
stant standard deviation of the methods, which prefer the
results of weighted Deming regression or Passing-Bablok
regression, which is independent of the symmetry of the
error distribution.

The authors wish to acknowledge and thank the pro-
ject VVCE-0004-07 and VEGA projects 1/1005/09 and
1/0066/09 for support of this work.
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Abstract

The objective of this work is correct statistical com-
parison of two assay methods for determination of gly-
cated haemoglobin HbA,.. The immunoturbidimetric de-
termination of HbAlc was performed using automatic
analyser Hitachi 912, calibrated according to the IFCC
reference system (International Federation of Clinical
Chemistry and Laboratory Medicine) and analyser Advia
1200 utilizing the NGSP reference system (National Gly-
cohaemoglobin Standardization Program). For statistical
comparison of these two analytical methods several ad-
vanced regression methods were used, which respect ran-
dom errors of both compared methods. Specifically, Dem-
ing regression, orthogonal regression and Passing-Bablok
regression were employed. The results demonstrate the
presence of proportional systematic error therefore it is
concluded that the investigated analytical assay methods
do not correspond to each other.
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HODNOTENIE RIZIKA KONTAMINACIE VOD ARZENOM A ANTIMONOM

V BANSKEJ OBLASTI DUBIETOVA

DANIELA BOROSOVA? IVETA
NAGYOVAP a ZUZANA MELICHOVA"

“ Regiondlny urad verejného zdravotnictva so sidlom
v Banskej Bystrici, Cesta k nemocnici, 975 56 Banska
Bystrica, * Fakulta prirodnych vied, UMB, Tajovského 40,
974 01 Banska Bystrica, Slovenska republika
daniela.borosova@vzbb.sk; nagyova@fpv.umb.sk;
melichov@fpv.umb.sk

Uvod

Lubietova patri medzi dolezité rudné loziskéd v okoli
Banskej Bystrice. Je situovana v severovychodnej Casti
Slovenského stredohoria, ktoré zahffla aj severnu cast
neovulkanitového masivu Polany a severnu cast’ Vepor-
skych vrchov. V minulosti sa v okoli Lubietovej tazilo
zlato, medené i zelezné rudy a maly podiel tvorili nikel-
kobaltové rudy. Najvyznamnejs$i podiel mali vSak rudy
medi. Dobyvali sa na troch samostatnych banskych lozis-
kach: na Podlipe, v Svitodusnej doline a v menSej miere
na Kolbe. Lozisko Podlipa lezi pri miestnej ¢asti Podlipa
areprezentuje Uzemie zretelne zmenené exploaticiou me-
denych rad hlavne od 15. az 16. storocia do konca 19. storo-
Cia. Je to najznamejsie lozisko z tejto oblasti, s minimalne
23 s§tolnami. Rudné zily, tvorené ankeritom — Ca
(Fe,Mn,Mg)(CO;3), a sideritom — FeCOs, vystupuju hlavne
v kyslych horninach krystalinika a v drobach permského
veku, pre ktoré je typicka zvysSena radioaktivita. Hlavnymi
rudnymi mineralmi st chalkopyrit — CuFeS,, Ag-tetraedrit
— Cuy,SbsSy3 a pyrit — FeS,. Lozisko sa vyznacuje aj vy-
skytom pocetnych vzacnych sekundarnych mineralov
[libethenit — Cu,(PO4)(OH), brochantit — Cus(SO4)(OH)g,
langit — Cuy(OH)¢(SOs) . 2H,0, malachit — Cu,(CO;)(OH),,
azurit — Cu3(CO;3),(OH),, atd’.]. V sucasnosti na Podlipe sa
nachadza iba haldové pole zaujimavé raritnymi sekundar-
nymi minerdlmi pre zberatel'ov mineradlov. Druhé najvic-
Sie lozisko v tomto banskom reviri je v Svidtodusnej doli-
ne. Nachadza sa priblizne 5 km vychodne od Lubietovej,
v doline Peklo, v juhozapadnom chrbte vrchu Kolba. Hlav-
nym rudnym mineralom bol chalkopyrit, tetraedrit, hojne;j-
Sie je tu zastipenie Fe mineralov ankeritu a sideritu. Si-
Casnost’ loziska prezentuje iba haldovy material. Na lozi-
sku Svétodusna dolina prevlada arzén, ktory reprezentuju
nasledujuce sekundarne mineraly: euchroit, olivenit, kli-
noklas, straSimirit, parnauit, cornubit, tirolit, lirokonit
a chalkofylit.

Skumané dep6nid nie si prvkovo stabilné a prebiehaju
v nich abiotické aj biogénne procesy. Pokles pH v techno-
génnych sedimentoch spdsobuje uvolnenie tazkych kovov
(predovsetkym Cu, Fe, Cd, As, Sb, Pb, Zn, Mn, Ni, Co)
z tuhej fazy, kde sa tieto nachddzajii vo forme tazSie roz-
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pustnych mineralov alebo v sorpénom komplexe, do pod-
zemnej a povrchovej vody. Odolnost’ krajinnych zloziek voci
kontaminacii tazkymi kovmi je vyznamne podmienend
roznymi prirodnymi sorbentmi. NajdolezitejSimi potencial-
nymi prirodnymi sorbentmi v sledovanej oblasti je skupina
flovych mineralov a hydrogoethit, ktoré vznikaju pri zvetra-
vani hornin. V oblasti haldovych poli sme identifikovali
rtg-difrakénou analyzou hlavne illit, muskovit a smektit,
menej kaolinit a chlority'.

[lové mineraly, krystalické hlinitokremigitany s vrs-
tevnatou Struktarou, st vacsinou nosite'mi stalych negativ-
nych povrchovych nabojov?, ktoré mézu sorbovat’ kationy
Ca*", Mg**, K', Na*, A", Mn*" a katiény tazkych kovov
alebo mbzu byt nahradené inymi’. Hydrogoethit — FeOOH .
H,O vznika v hypergénnych podmienkach oxidaciou Zelezo
obsahujucich rad a niektorych mafickych horninovych
mineralov. Hydroxid zelezity, ktory vznika pri hydrolyze
siranu zelezitého je hydrosol, ktory 'ahko koaguluje. Vyluci
sa z neho gél, ktory sa Ciastocne dehydratuje a vznika z neho
monohydrat. Hydrogoethit ma zaporny povrchovy naboj
a vyznacuje sa velkym sorpénym povrchom, ¢o ho predurcu-
je k tomu, aby sa stal vynikajicim prirodnym sorbentom taz-
kych kovov. Mobilita vacsiny tazkych kovov v prirode je
determinovand predovSetkym ich schopnostou sorpcie na
prirodné sorbenty, medzi ktorymi majii dominantné postave-
nie predovietkym ilové mineraly®. Pri ilovych mineraloch je
dominantnym procesom idénova vymena medzi roztokom
a tuhou fazou, ale Giastotne aj fyzikalny proces adsorpcie’.

Z hladiska environmentalneho rizika su v Studovanej
lokalite najdolezitejsimi tazkymi kovmi Cu, As a Sb’. Hlav-
nym zdrojom medi na haldovom poli st tetraedrit, chalko-
pyrit a sekunddrne minerdly medi. Hlavnym zdrojom As
v lokalite Cubietova je tetraedrit. Pri zvetravani sa arzénové
rudné minerdly lahko oxiduju, priCom arzén prechadza
z foriem s niz§im oxidacnym c¢islom na As(V), priCom tvori
zlageniny kyseliny arzeniénej®. Tato je rozpustna vo vode,
ale obvykle nemigruje na vécSie vzdialenosti, pretoze
rychlo reaguje s kationmi tazkych kovov za vzniku arze-
ni¢nanov. As vo vode vystupuje najcastejSie vo forme
H,AsO,", HAsO,> a HAsO, (cit.). As(Ill) je v oxidacnej
zéne zvetrvania mobilnejsi ako As(V)®. V hypergénnych
podmienkach haldového pola Lubietova vyrazne prevlada
As(V)’. Sorpéna kapacita flovych mineralov, hydrogoethi-
tu a Fe-oxihydroxidov voc¢i As je velmi vysoka (napr. az
76 mg As na 1g Fe-oxihydroxidu pri pH 5). Sorpcia As
zavisi od pH, casu, koncentracie As v roztoku
a teploty’. K najintenzivnejsej sorpcii dochadza pri pH 4%,
Podl'a Mohapatra et al.’ je spomedzi ilovych mineralov pri-
tomnych na haldovom poli Cubietova — Podlipa najlepSim
sorbentom As(V) kaolinit. 25 az 35-nasobne lepSie sorpc-
né vlastnosti vykazuju halloyzit a chlority. Menej toxicky As
(V) sa voci toxickejsiemu As(III) sorbuje na ilové mineraly
omnoho l'ahSie a kvantitativnejSie. As(III) sa pri tomto pro-
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cese oxiduje na As(V). Redukény proces sa pri Stadiu
sorpcie As nepotvrdil®. Vi¢sina Sb pochadza z tetraedritu.
Sb(III) aj Sb(V) existuju v environmentalnych podmien-
kach v nasledovnych formach: Sb(V) ako [Sb(OH)¢]™ a Sb
(1) ako Sb(OH);'%. Hydrogoethit a Fe-hydroxidy st dolezi-
tymi sorbentmi Sb. Sb(III) i Sb(V) vytvaraji na ich povrchu
komplexné zluceniny. Sb(III) sa najlepsie sorbuje pri pH 3
az 12, kym k maximalnej sorpcii Sb(V) dochadza pri pH <
7. Na povrchu hydrogoethitu a Fe-hydroxidov méze hlav-
ne v rozmedzi pH 3 az 5,9 v priebehu niekol’kych dni
dochadzat’ k oxidacii Sb(IIl). Pri pH ~ 9 dochadza k jeho
mobilizacii a uvolnovaniu do roztoku, kym pri pH < 7 ostava
viazany na povrchu Fe-oxidov".

Arzén a antimo6n s zname svojimi toxickymi ucinka-
mi na P'udsky organizmus, pri akatnej aj chronickej expo-
zicii. As ma schopnost’ kumulovat’ sa v rie¢nych sedimen-
toch, patri medzi tzv. inhibitory biochemickych oxidacii
a st preukdzané aj jeho karcinogénne ucinky'*. Hlavnym
zdrojom prijmu tychto prvkov pre ¢loveka je pitna voda.
Preto je pritomnost’ arzénu a antiménu vo vode neziaduca.
Na odstrafiovanie arzénu z vody sa pouzivaju procesy za-
lozené na reverznej osmoze'®, adsorpcii na sorbentoch'®'%,
ionovej vymene' a pod. Analyza arzénu a antiménu ako aj
ich Speciacia sa vykonava metddou AAS, ato predovset-
kym prietokovou injekénou analyzou generovanim hydri-
dov (HG FI AAS). Prehl'ad prac venovanych stanoveniu
arzénu a antimoénu ako aj ich Specidcie bol publikovany
v nedévnej dobe®®*'.

Cielom préace je, na zéklade dlhodobého vyskumu
v sledovanej oblasti, zhodnotit’ rizika kontaminécie po-
vrchovych a podzemnych vod arzénom a antiménom, po-
chadzajuce zo zvetravania haldového materialu ako po-
zostatku mohutnej banskej ¢innosti. Dal§im cielom prace
bolo porovnat’ ziskané vysledky s vysledkami ziskanymi
skriningovymi analyzami publikovanymi v neddvnej dobe,
ktoré upozornili na zvySené koncentracie tychto prvkov vo
vodach®. Dolezitost’ vyskumu vyplyva z dovodu vyuZiva-
nia, povrchovej vody z Hutného potoka na zavlahy
a podzemnej vody ako pitnej vody, obyvatelmi obce Lu-
bietova aj napriek tomu, ze nepodliehaju pravidelnej kon-
trole kvality vody urCenej na l'udsku spotrebu organmi
§tatnej spravy v zmysle platnych predpisov? .

Experimentalna cast’

Odbery vzoriek vody, v sledovanom obdobi od
31.3.2008 do 6.10.2009 boli vykonané podl'a STN EN ISO
5667 (cit.**). Vzorky vody L1-L7 z haldového pola Cubie-
tova-Podlipa (L1 je minerdlna voda Linhartovka), L11-
L15 z haldového pola Svitodusna dolina, boli odoberané
v oznacenych miestach podla obr. 1. Odobraté boli aj
vzorky pitnej vody (pramenitd podpovrchova voda) LP1-
LP4 apovrchovej vody L8, pouzivanej na zavlahy, zo
zdrojov nachadzajucich sa priamo v obci Cubietova.
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Obr. 1. Odberové miesta - haldové polia Lubietova Podlipa
a Svitodus$na dolina; L1 — mineralna voda Linhartovka (reg. ¢.
BB-52), L2 — vzorka povrchovej vody z Hutného potoka nad
obcou Lubietova — na konci obce pri prameni mineralnej vody
Linhartovka, L3 — vzorka drendznej vody z ,retenc¢nej nadrze*
pod haldovym polom Podlipa, L4 — vzorka drenaznej vody
z malého jazierka v depresii pod haldovym polom Podlipa, L5 —
vzorka vody z potoka severovychodne od severného okraja hal-
dového pola Podlipa — referen¢na lokalita, L6 — vzorka povrcho-
vej vody z Hutného potoka po pripojeni potoka drenujiceho Zele-
nu dolinu pod haldovym polom Podlipa, L7 — vzorka povrchovej
vody z Hutného potoka pod obcou Lubietova a pod Galvanizov-
fiou KNK, L11 — vzorka povrchovej vody z potoka nad brodom
na lokalite Svitodusna dolina, L12 — vzorka povrchovej vody
z potoka v lokalite Svétodusna dolina pod haldou Svitodusna,
L13 — vzorka drenaznej vody zo $tolne pod haldou Svétodusna,
L14 — vzorka povrchovej vody z potoka v blizkosti $tolne na
lokalite Svidtodusna, pred vytokom drenaznej vody L15, L15 —
vzorka drendznej vody zo $télne na lokalite Svitodusna

Prediprava vzorky vody pre nasledné stanovenie
kovov sa vykonala podla normy STN EN ISO 5667
(cit.**). Konzervovala sa pridavkom koncentrovanej kyse-
liny dusi¢nej na hodnotu pH<2.

Pracovny postup stanovenia As, Sb metdédou
HG FI AAS

Pre-redukcia As(V) na As(III), Sb(V) na Sb(III).
K 20 ml vzorky alebo Standardu sa pridalo 2,4 ml konc.
HCI a 3 ml roztoku 5% (w/v) KI a 5 % (w/v) kyseliny
askorbovej. Po 16 hodinovom stati pri laboratdrne;j teplote
sa vykonalo meranie.

Obsah arzénu a antiménu vo vzorkach vod bol mera-
ny technikou tvorby hydridov AAS na pristroji PERKIN
ELMER 4100ZL v prietokovom systéme Flow Injection
Analyser 100. Na tvorbu hydridov bol pouzity tetrahydri-
doboritan sodny v kyslom prostredi, ktory bol undSany
pradom argénu do kremennej cely, kde pri teplote 900 °C
nastala atomizacia a bola merand absorbancia Ziarenia pri
vlnovej dizke 193,7 nm pre As a 217,6 nm pre Sb. Ako
zdroj ziarenia bola pouzitd bezelektrodova lampa As, Sb,
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meraci mod integrovand absorbancia. Podmienky HG-FI-
AAS stiuvedené v tab. .

Chemikalie

Standardné roztoky As, Sb s obsahom 1,000 g /1 prislusné-
ho analytu (SMU Bratislava).

Redukéné cinidlo: 0,2 % NaBH4 v 0,05 % NaOH, (p.a.,
MERCK)

Nosny roztok: 10 % (v/v) HCI (Suprapur, MERCK)
Preredukcia: HCl konc., 5 % (m/v) KI (p.a., MIKRO-
CHEM) + 5 % (m/v) kyselina askorbova (p.a., MERCK)

Tabulka I
Podmienky merania HG-FI-AAS
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Tabulka II
Metrologické vlastnosti metod

Vlastnosti As Sb
Medza detekcie, 0,0002 0,0001
mg 1™
Medza kvantifika- 0,0005 0,0004
cie, mg ™!

Spravnost’, % 3,5 3,2
Zhodnost’, % 9.5 9,7

(0,0004-0,050)
(0,0004-0,006)

Rozsah, mg I (0,001-0,100)

Neistota, mg 1™ (0,0002-0,006)

Vodiaci roztok 10 % (v/v) HCI1
Prietokova rychlost’ 9 ml min™"
Redukény roztok 0,2 % NaBH4

v 0,05 % NaOH
Prietokova rychlost’ 5 ml min™'

Na urcéenie neistoty bol pouzity vypocet Standardnej
odchylky reprodukovatelnosti sz (RSDR) podl'a Horwitzo-
vej funkcie. Horwitzova funkcia vyjadruje empiricky
vztah medzi presnostou metody a koncentraciou analytu
bez ohl'adu na druh analytu, matrice a metddy. Pre analy-
tické metody jednoduché, bez Gpravy vzorky staci pouzi-
vat' 1/3 prip. 1/4 vypocitanej hodnoty, pre jednoduché,
s jednoduchou upravou vzorky, pouzivat 1/2 vypocitanej
hodnoty, pre viacstupiiové pouzivat' 2/3 vypocitanej hod-
noty.

Horwitzovu rovnicu® vyjadruje vztah:

Sp =

2(1—0,5A10g(X’))'X
100

kde X’ je koncentracia analytu v jednotkach, na ktoré sa
vztahuje mnozstvo analytu (napr.: 1 mg/kg = 0,000001 kg/
kg); X je koncentracia analytu uvadzana v pouzitych jed-
notkach.

Medza detekcie a kvantifikacie boli vypocitané metd-
dou hornej hranice jednostranného pasa spolahlivosti ka-
libraénej priamky (ULA), noviie odpora¢anou ITUPAC.
Vypocet je zalozeny na presnosti kalibracnej priamky
a vyuziva rezidualnu Standardni odchylku linedrnej regre-
sie a kriticki hodnotu t-rozdelenia. Spravnost’ je uvedena
ako relativna chyba (v %) vyjadrena rozdielom medzi prie-
mernou hodnotou ziskanou z velkého pocétu opakovanych
vysledkov stanoveni a prijatou referen¢nou hodnotou,
podelenym referenénou hodnotou. Zhodnost' je uvedena
ako relativna smerodajnd odchylka (v %). Metrologické
vlastnosti pouzitych metdd su zhrnuté v tab. II.
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Vysledky a diskusia

Hodnotenie kvality povrchovych, pitnych vod a mi-
neralnej vody Linhartovka (reg. ¢. BB-52) zo sledovanych
odberovych miest bolo uskutocnené v zmysle platnych
normativov, ako st uvedené v tab. III s prisluSnymi limit-
mi pre sledované ukazovatele As a Sb.

Podra Nariadenie vlady SR 354/2006 (cit.”*) je defi-
novany pojem najvyssia medzna hodnota zdravotne vyz-
namného ukazovatela (NMH) kvality pitnej vody, ktorej
prekrocenie vylucuje pouzitie vody ako pitne;j.

Pre povrchovu vodu je urceny limit odporacanej hod-
noty sledovaného ukazovatel'a a medzna hodnota?’.

Podl'a Vynosu Ministerstva podohospodarstva SR
a Ministerstva zdravotnictva SR*® je prirodna mineralna
voda druh kvalitnej, mikrobiologicky bezchybnej vody
povodného zlozenia a Cistoty, ziskanej zo zdroja podzem-
nej vody vyhlaseného podla osobitného predpisu, ktora je
v pévodnom stave alebo po povolenej uprave vzhl'adom na
svoje zlozenie, priaznivo pdsobi na ludsky organizmus
aje vprimeranom mnozstve vhodna ako napoj. Podla
tohto Vynosu je definovany pojem najvyssia medzna hod-
nota ukazovatel'a zdravotnej neskodnosti (NMH) ako hod-
nota tohto ukazovatela, ktorej presiahnutie vylucuje uva-
dzanie vody do obehu.

Analyzy vzoriek vody z lokalit Podlipa a Svitodusna
dolina sa vykonali 10x v obdobi 2 rokov — od 31. marca
2008 do 6. oktobra 2009 tak, aby boli zahrnuté¢ vsetky
sezonne vplyvy. Vysledky analyz st uvedené v tab. IV
aV.

V tab. VI su uvedné hodnoty arzénu vzoriek vdd zo
zdrojov nachadzajtcich sa priamo v obci Lubietova, ktoré
obyvatelia pouZivaju ako pitné vody (pramenitd podpovr-
chovd voda) LP1-LP4. Tieto zdroje vSak nepodlichaju
pravidelnej kontrole podla platnych normativov®, nakol-
ko cela obec LCubietova ma zabezpecené zasobovanie pit-
nou vodou verejnym vodovodom, a td je pravidelne
monitorovana®.

V 3 vzorkach z lokality Svidtodu$na dolina bola usku-
tocnena Speciacna analyza v skiiSobnom laboratoriu GEL,
Turcianske Teplice za uc¢elom zistenia podielu As(IIl) a As
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Tabulka III
Prehl'ad normativov platnych v SR
Jednotka Druh As Sb
limitu
Nariadenie vlady SR 354/2006% [mg 1] NMH 0,010 0,005
PoZiadavky na vodu uréent na l'udski spotrebu
a kontrolu vody urcenej na 'udsku spotrebu.
Nariadenie vlady 296/2005% [ug 1™ OH 30 Nie je definovany
Kvalitativne ciele povrchovych vod a limitné
hodnoty ukazovatelov zneCistenia odpadovych
vod a osobitnych vod
Na zavlahy [ug1™ 50 Nie je definovany
Vhodné pre Zivot a reprodukciu pdvodnych Nie je definovany Nie je definovany
druhov ryb
Na odber pre pitnii vodu [ug 1™ OH-MH 10 —10/ kat. A1l Nie je definovany
20 — 50/ kat. A2
50 — 100/ kat. A3
Vyhlagka MPSR a MZ SR 608/9/2004 — 100°* [mg 1] NMH 0,010 0,005
Hlava Potravinového kodexu SR upravujica
prirodnd  minerdlnu  vodu, pramenitd vodu
a balentl pitnt vodu
Mineralna voda
Pramenité voda a priprava stravy pre dojcata [mg 17" NMH 0,005 0,003

OH - odportc¢ana hodnota, MH — medzna hodnota, NMH — najvyssia medzna hodnota

Tabulka IV
Namerané hodnoty koncentracii As

Arzén [mg ™

Déatum 31.3.2008 29.4.2008 9.6.2008 21.8.2008 9.10.2008 2.12.2008 25.3.2009 6.5.2009  9.6.2009

odberu
L1 § 0,0020 0,0017 0,0014 0,0017 0,0015 — - - 0,0015
L2 5 ND ND 0,0012 0,0013 0,0011 0,001 0,0011 0,0012 0,0011
L3 ® 0,0014 ND 0,0011 0,0010 ND 0,0017 0,0015 0,0017 0,0016
L4 0,0020 0,0015 0,0038 0,0018 0,0011 0,0024 0,0028 0,0020 0,0024
L5 ND ND 0,0013 0,0014 ND ND ND 0,0012 0,0013
L6 0,0011 ND 0,0018 0,0019 0,0016 0,0012 0,0013 0,0016 0,0017
L7 0,0012 0,0010 0,0021 0,0020 0,0017 0,0012 0,0012 0,0017 0,0019
L11 %? — — 0,0032 0,0023 0,0026 0,0017 — 0,0019 0,0022
g
L12 % — — 0,0307 0,0350 0,0385 0,0389 — 0,0474 0,0499
=
[~
L13 - - 0,0252 0,0410 0,0374 0,0371 - 0,0739 0,0539
L14 - - 0,1082 0,0310 0,0336 0,0319 - 0,0440 0,0404
L15 — - 0,0368 0,0595 - - - 0,0770 0,0014
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Tabulka V
Namerané hodnoty koncentracii Sb
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Antimén [mg ']

Datum 31.3.2008 29.4.2008 9.6.2008 21.8.2008 9.10.2008 2.12.2008 25.3.2009 6.5.2009 9.6.2009
odberu
L1 - ND 0,0009 ND ND 0,0001 - - - ND
L2 é 0,0007 0,0010 0,0006 ND ND ND ND 0,0006 0,0009
L3 B 0,0018 0,0028 0,0027 0,0021 0,0022 0,0015 0,0015 0,0027 0,0022
L4 0,0018 0,0024 0,0026 0,0021 0,0025 0,0019 0,0016 0,0021 0,0024
L5 0,0010 0,0017 0,0018 0,0010 0,0013 0,0009 0,0010 0,0018 0,0021
L6 0,0007 0,0011 0,0008 0,0007 0,0007 0,0007 0,0006 0,0008 0,0008
L7 0,0008 0,0012 0,0011 0,0009 0,0009 0,0008 0,0007 0,0011 0,0012
L11 w - - 0,0006 ND ND ND ND ND 0,0006
L12 g: - - 0,0051 0,0063 0,0076 0,0066 0,0090 0,0085 0,0051
L13 g: - - 0,0052 0,0065 0,0057 0,0051 0,0091 0,0066 0,0052
L14 =4 - - 0,0022 0,0047 0,0067 0,0064 0,0086 0,0069 0,0022
L15 - - 0,0075 0,0009 - - ND ND 0,0075
ND - nezistené pouZzitou metodou
Tabulka VI pocas sledovaného obdobia neprekracovali najvyssie
Namerané hodnoty As pre pitné vody LP1-LP4 medzné hodnoty podla Vynosu MP SR a MZ SR
608/9/2004 — 100 o mineralnych vodach®. Povrchova
Datum odberu 6.10.2009 As [mg 1] voda v oblasti Podlipa vyhovovala poziadavkam odporu-
LP1 0,0015 canych hodnét pre As a Sb v zmysle NV vlady 296/2005
LP2 <0,001 (cit.”’). Povrchové voda v oblasti Svitodusna L12 a L14
LP3 0.0022 prekracovala odporl'}éané hodnoty 0,930 mg 1" pre obsa,h
> As v zmysle NV vlady 296/2005 pocas celého sledované-
LP4 <0,001 ho obdobia. Povrchové vody L13 a L15 prekracovali od-

(V). Na analyzu $pécii arzénu bola pouzita hydridova tech-
nika AAS na pristroji VARIAN. Zastupenie As(IIl) a As
(V) bolo najdené v pomere cca 1:5 a je uvedené v tab. VIIL
Néjdené hodnoty celkového arzénu boli porovnatelné
v oboch laboratériach.

Obsahy As a Sb vo vzorkach pitnych vod neprekroci-
li najvysSie medzné hodnoty podla NV SR 354/2006
(cit.”). Obsahy As a Sb v mineralnej vode Linhartovka

Tabul’ka VII
Speciaéna analyza As

poragané hodnoty 0,030 mg 1" pre obsah As v zmysle NV
296/2005 (cit.*”) a v jarnych mesiacoch 2009 prekradovali
aj odpora¢ané hodnoty 0,050 mg I'' As pre zavlahova vo-
du, rovnako, jednorazovo 9.6.2008, tito hodnotu prekroci-
la aj vzorka L14 (0,108 mg 1""). Obsahy Sb podra prislus-
nych normativnych predpisov neboli prekrocené.

As [mg I'JRUVZ

As [mg I"']|GEL Tur.

As(IIT) [mg '] As(V) [mg 1]

Teplice [%] [%]

L12 0,0499 0,0430 0,0082 0,0350
(19,1 (31,4)

L13 0,0539 0,0460 0,0085 0,0380
(18,5) (82,6)

L14 0,0404 0,0340 0,0063 0,0280
(18,5) (82,4)
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Zaver

Hodnotenie  rizik  kontaminicie  podzemnych
a povrchovych vod arzénom a antiménom v oblasti Cubie-
tova, zatazenej banskou Cinnostou, vykonané na zaklade
dlhodobého sledovania obsahu tychto kovov vo vodach,
v tejto Studii je v dobrej zhode s predchadzajacimi vysled-
kami, ziskanymi autormi v rokoch 2006 az 2008 (cit.”%).
Koncentracie arzénu dosahovali maximalne hodnoty
v drenaznych vodach — vytokoch zo §t6lni na haldovom
poli Svitodusna dolina (0,0615 mg I™). Koncentracie anti-
moénu v celej sledovanej oblasti neprekrocili maximalnu
hodnotu 0,0051 mg 1™, ktora opét’ bola namerana vo vyto-
kovych vodach zo $tolni na haldovom poli Svitodusna
dolina.

Nizke koncentracie sledovanych prvkov vo vode
v Hutnom potoku, ktori obyvatelia pouzivaji na zavlaZo-
vanie ako aj v mineralnej vode Lihartovke a d’al§ich pod-
zemnych vodach v obci pouZivanych na pitie, svedcia
o tom, ze ilové mineraly ako prirodzené sorbenty v danej
oblasti sorbujii vac¢Sinu tazkych kovov a dokdzana bola aj
pritomnost’ ich vol'nej sorpénej kapacity. Tazké kovy sa tu
nachadzaju vo forme tazko rozpustnych sulfidov, ku oxi-
dacii ktorych dochédza pozvol'na. Podl'a EPA metdod bolo
zistené minimalne riziko tvorby kyslych banskych vod,
ktoré by mohli tazké kovy uvolnovat do vodného prostre-
dia. Tazké kovy sa nachadzajt aj v sedimentoch, st unésa-
né do vzdialenejSich miest, kde méze pri ndhlom prekysle-
ni v dosledku priemyselnej vyroby dochadzat’ k uvolneniu
do vodného prostredia.

Mozno vsak konstatovat, ze uz samotny fakt vyskytu
vysokej hodnoty koncentracie arzénu vo vytokovych vo-
dach zo §t6lni v oblasti haldového pola Svitodusna dolina,
vyzaduje v lokalite pravidelny monitoring, predovsetkym
koli jeho toxicite a karcinogenite, ktory sa doteraz cielene
nevykonaval.

Prdca vznikla za podpory vedeckej grantovej agentury

MS SR a SAV v ramci rieSenia projektu VEGA-1/0789/08.
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D. BoroSova®, I. Nagyova ", and Z. Melichova’
(“Regional Authority of Public Health, Banskd Bystrica,
b Department of Chemistry, Faculty of Natural Sciences,
Matej Bel University, Banska Bystrica): Evaluation of Risk
of Arsenic and Antimony Surface and Groundwater Con-
tamination at Cubietova Mining Region

The environmental study at the Cubietova Podlipa and
Svitodusna valley dump-fields presents the results of the As
and Sb contamination of the surface and groundwater
reached during the period of March 2008 — October 2009.
The results show, that the present natural sorbents, predomi-
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nantly the clay minerals (illite, muscovite, smectite, caolin-
ite and chlorite) and hydrogoethites are good sorbents of
heavy metals and was proved also their free sorption capacity.
Natural sorbents form such natural geochemical barrier. The
highest concentrations of As and Sb was measured at Svéto-
dusné valley dump-field and are in good agreement with
results published previously. However formation of acid
mine drainage (AMD) according the calculation and so re-
leasing the large amounts of As and Sb into the water is less
probable at the Cubietova locality, because of toxic and car-
cinogenic properties of these elements, their regular monitor-
ing is required.
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Introduction

Extensive research has revealed that most chronic
illnesses such as cancer, cardiovascular and pulmonary
diseases, neurological diseases, diabetes, and autoimmune
diseases exhibit dysregulation of multiple cell signaling
pathways that have been linked to inflammation. Thus
mono-targeted therapies developed for the last two dec-
ades for these diseases have proven to be unsafe, ineffec-
tive and expensive. Although fruits, vegetables and herbs
are regarded to have therapeutic potential against chronic
illnesses, neither their active component nor the mecha-
nism of action is well understood'. Resveratrol (3,5,4'-
trihydroxystilbene) is a polyphenolic phytoalexin produced
by plants in response to exogenous stimuli like UV light,
ozone exposition, mechanical damage or fungal infection®.
Resveratrol exists in two isomeric forms trans-resveratrol
and cis-resveratrol (Fig. 1). The trans-isomer is the more
stable form, trans to cis isomerisation is facilitated by UV
light and high pH, the cis to trans conversion is facilitated
by visible light, high temperature, or low pH>*. Both iso-
mers can be present in variable amounts in plants, but
amount of trans-resveratrol usually predominates’. Res-
veratrol was first detected in the roots of white hellebore
(Veratrum grandiflorum) in 1940°. It can be found in more
than 72 plants, which are often components of a human
diet’, for example in wine grapes®, also in red (in concen-
trations 1-6 mg 1™")*'® and less in white (0,2-0,8 mg 1™")"!
wine, peanutslz, cabbage, beetroot, broccoli'®, blueberries,
cranberries'.

The remarkable interest in resveratrol noticed over
the past decade, is mainly due to its antiinflammation,
antioxidation, neuroprotective, antiaging properties, inhibi-
tion of platelet aggregation, chemoprevention of cancer
and protection of coronary heart diseases'> '®. Quantitative
determination of trams-resveratrol is mainly done by

O O
aol ®
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OH OH
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Fig. 1. Structure of trans-resveratrol (A) and cis-resveratrol

(B)

HPLC with UV/VIS'*®, MS?"* and electrochemical de-
tection'*>, by GC/MS*** or electrophoresis’®*’. For elec-
trochemical detection, glassy carbon electrodes were used as
working electrode at the potential of +0.75 V (ref."”) and
+0.5 V (ref.?), obtained limits of detection were 8 ug 1™
(3.510 mol 1) and 10 ug 1" (4.4-107* mol 1),

Resveratrol was identified in buckwheat among sev-
eral other flavonoids®™. Buckwheat is the most important
alternative annual crop, it is pseudocereal but its grains
belong to cereals because of their similar use®”. There are
two buckwheat (Fagopyrum) species used for food around
the world. Common buckwheat (Fagopyrum esculentum
Maéench) originates from Southwest China and gradually
has been spread to the all continents, while tartary buck-
wheat (Fagopyrum tataricum (L.) Gaertn.) is grown and
used in the mountainous regions of northern India, Bhutan
and Nepalm. Common buckwheat, or sweet buckwheat, is
usually consumed in Asia, Europe, North America, South
Africa, and Australia, whereas tartary buckwheat is con-
sumed rarely because of its bitter taste. Tartary buckwheat
contains more bioactive components than common buck-
wheat. Flavonoid content of tartary buckwheat is higher
than that of common buckwheat’'. The main flavonoid is
rutin and its content in buckwheat grains ranges from 120
to 360 mg kg™ dry matter”. Historically, buckwheat was
a very important crop in Europe. In many regions, buck-
wheat was very popular and it was included in many daily
meals. But its importance was subsequently decreased, yet
recently it has been observed to increase because of the
health-promoting properties of its grains.

The aim of this work was to develop an HPLC
method with UV spectrophotometric detection and am-
perometric detection on carbon paste electrode (CPE) for
the determination of trace amounts of frans-resveratrol in
samples of common and tartary buckwheat. The advan-
tages of CPEs*” are broad potential window, low back-
ground current, possibility of chemical or biological modi-
fication of the carbon paste and ease of renewal of work-
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ing surface of the carbon paste electrode. CPEs are very
useful electrochemical sensors for the determination of
organic compounds that can be anodically oxidized™™’.
CPE have not yet been used as amperometric detector in
HPLC-ED determination of resveratrol. Their main advan-
tage is ease of preparation and ease of regeneration of the
working electrode surface. CPEs present less expensive,
comparatively sensitive and more selective alternative to
spectrophotometric detection.

Instruments

The HPLC system consisted of high-pressure piston
pump HPP 5001 (Laboratorni pfistroje, Prague, Czech
Republic), injection valve D with 20-ul sample loop
(Ecom, Prague, Czech Republic), spectrophotometric de-
tector Sapphire 800 UV/VIS (Ecom, Prague, Czech Re-
public), electrochemical detector CHI 802B (CH Instru-
ments Electrochemical Analysis, USA) with three-
electrode system consisting of reference silver/silver chlo-
ride electrode RAE 113 (Monokrystaly, Turnov, Czech
Republic) filled with 3 M KCl, working CPE (3 mm in
diameter) and platinum wire auxiliary electrode. Column
Kromasil C-18 (7 um), 125 x 4 mm (Prochrome, India)
and precolumn Gemini C-18, 4 x 3 mm (Phenomenex,
USA) were used. The amperometric detector, employ-
ing electrochemical oxidation of phenolic hydroxy groups,
was placed behind the UV/VIS detector operating at 306
nm. CPE was working in a wall-jet configuration. The
system was operated by Clarity 2.3.0 programme
(DataApex, Czech Republic) and CHI 6.26 programme
(CH Instruments, USA) working in the Windows XP sys-

A
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tem (Microsoft). The mobile phase was acetonitrile : Brit-
ton-Robinson buffer pH 7, 10 times diluted by deionized
water (30:70, v/v), the flow rate was 1 ml min™". For prepa-
ration of the concentrated ethanolic samples of buckwheat
seeds a vacuum evaporator Buchi B-480, R-114
(Switzerland) was used.

An ultrasonic bath PS02000A (Powersonic, USA)
was used to facilitate the dissolution of the analytes. The
pH of the solutions was measured with a pH meter Jenway
4330 (Jenway, UK) with a combined glass electrode.
Spectrophotometer Agilent 8453 (Agilent, USA) was used
to study the stability of the stock solution. All experiments
were carried out at a laboratory temperature.

Materials

Trans-resveratrol was purchased from Sigma—Aldrich
(USA). Tts stock solution (1-107 mol 1"') was prepared by
dissolving an accurately weighed amount of the substance
in p.a. methanol (Lach-Ner, Neratovice, Czech Republic)
and stored away from daylight at 4 °C until used. Solu-
tions of lower concentrations were prepared by dilution of
the stock solution with methanol. Stock solution of cis-
resveratrol was prepared from solution (1-10~* mol I"") of
trans-resveratrol by UV-irradiation on daylight.

A spectrophotometric study of the stability of the
trans-resveratrol stock solution demonstrated that it was
stable for at least one year, if it is stored away from day-
light at 4 °C.

Britton-Robinson (BR) buffers were prepared in
a usual way, by mixing 0.04 mol I"* phosphoric acid, 0.04
mol 1" acetic acid and 0.04 mol "' boric acid with an ap-

Fig. 2. Design of electrochemical cell (A) scheme: working CPE a, reference electrode b, auxiliary electrode ¢, mobile phase in an
overflow vessel d, mobile phase inlet ¢; and (B) photograph of a complete system
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propriate amount of 0.2 mol 1" sodium hydroxide. Ethanol
was used for extraction of resveratrol from buckwheat.
All the chemicals used were of analytical reagent grade
(Lachema, Brno, Czech Republic).

The mobile phase for HPLC contained acetonitrile
for HPLC (Merck, Germany) and aqueous BR buffer di-
luted 10 times.

Carbon paste contained 250 mg of spherical micro
particles of glassy carbon with a diameter 0.4—12 pum
(Alpha Aesar, USA) and 90 pl of mineral oil (Fluka Bio-
chemica, Switzerland).

All aqueous solutions were prepared using deionized
water obtained from a MilliQ Plus system (Millipore, Mol-
sheim, France).

Samples of buckwheat

The amounts of trans-resveratrol were determined in
5 samples of common buckwheat and 2 samples of tartary
buckwheat (Table I). All samples were supplied by Crop
Research Institute, Department of Gene Bank (Drnovska
507, Prague 6 Ruzyné, Czech Republic).

Extraction of buckwheat
A literature reported method®® for extraction antioxi-

dant compounds in buckwheat flour was modified to ex-
tract resveratrol from buckwheat grains. Grains were sepa-

Table I
List of plant material of buckwheat samples

NS* ECN® Name Origin

Tartary buckwheat (Fagopyrum tataricum (L.) Gaertn)

1 01Z510000 Unnamed Bhutan
7

2 017510001 Unnamed USA
4

Common buckwheat (Fagopyrum esculentum Méench)

3 017500007 Spacinska 1 Slovakia
0

4 01Z500007 Zelenocvetkovaya 90 Ukraine
6

5 012500011 Emka Poland
1

6 012500012 Kara-Dag Ukraine
3

7 017500013 Rubra Russian
4 Federation

“NS number of a sample, " ECN National accession num-
ber
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Fig. 3. Buckwheat samples and concentrated ethanolic ex-
tracts, numbers corresponds to NS (number of sample) from
Table I

rated from hulls except of 2 samples of tartary buckwheat
(with tartary buckwheat the separation of hulls from grains
is impossible), grinded by kitchen mixer, 12 g of buck-
wheat flour was weighted into a distillation flask and 300
ml of ethanol was added, and extracted under reflux for 2
h, the solid substances were separated by filtration through
filtration paper FN 1/ 90 g cm™? (Filtrak, Barenstein, Ger-
many). The filtrates were concentrated under reduced pres-
sure at 50 °C to the volume less than 5 ml, and refilled to 5
ml with ethanol and filtrated through microfilter ProFill
Plus PVDF/0.45 um (Fischer Scientific, Pardubice, Czech
Republic). The filtrates were ready for consequent analy-
ses.

Results and discussion

At first, optimum conditions for amperometric detec-
tion on CPE were found. One of the problems while deter-
mining trans-resveratrol is the fact, that trans-resveratrol
isomerizes to cis-resveratrol, when exposed to UV radia-
tion, including the daylight. The mobile phase containing
50 % acetonitrile and 50 % of BR buffer allowed us to
separate these two isomers in 4.5 min (with resolution of
1.6). The separation of trans-resveratrol and cis-resveratrol
was found to be independent of the pH of the mobile phase
within pH 3 to 7. Therefore, optimum pH was determined
from hydrodynamic voltammograms from pH values com-
patible with the used column. Hydrodynamic voltammo-
grams in BR buffers of pH 3, 5 and 7 in the potential range
from 0 to +1.4 V are shown in Fig. 4. The highest and best
developed peaks were obtained with BR buffer pH 7 :
acetonitrile (1:1) at a potential of +1.2 V. The calibration
curves were measured in the concentration range of 4-107°
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Fig. 4. Hydrodynamic voltammograms of trans-resveratrol
(injected 20 pl of 1.107* mol I'') on CPE in the mobile phase
BR buffer : acetonitrile (1:1)

— 110" mol I"". Calibration curves were measured in trip-
licate and evaluated by a linear regression method. The
limit of detection (Lp) was 3.5-107 mol I"" (R* = 0.9986)
for electrochemical detection (E = +1.2 V) and 3.2:107°
mol I"" (R? = 0.9993) for spectrophotometric detection
(306 nm). The limit of detection was calculated as the
amount of frans-resveratrol, which gave the signal three
times higher than the background noise (S/N). It can be
observed that the electrochemical detection on carbon
paste electrode gives comparable results as the UV/VIS
detection.

After optimization of detection conditions, optimum
conditions for separation cis- and trans-resveratrol in con-
centrated ethanolic extract of buckwheat seeds were found.
Composition of a mobile phase acetonitrile : BR buffer

Table 11

Posters

(50:50, 40:60, 35:65, 30:70) was tested first. Optimum
conditions for the determination of t#rans- and cis-
resveratrol with amperometric detection using CPE were
found to be: a mobile phase acetonitrile : BR buffer
(30:70) and a potential of + 1.2 V. Trans-resveratrol was
detected and determined in all buckwheat samples, but cis-
resveratrol was not found in any sample. Chromatograms
of concentrated ethanolic extracts are shown in Fig. 5 for
spectrophotometric detection and in Fig. 6 for electro-
chemical detection, an arrow shows the peaks of trans-
resveratrol. Standard addition method has been applied for
the determination of #rans-resveratrol in concentrated etha-
nolic extract and obtained contents are shown in Table II.
Three measurements were replicated for each sample to
obtain the average values and standard deviations (mean =+
SD). There are no big differences in trans-resveratrol
amounts within analyzed varieties. But the content of
trans-resveratrol in tartary buckwheat is almost three times
higher than in samples of common buckwheat. We cannot
compare obtained results with any previous data because
there are no literature data available regarding the content
of resveratrol in buckwheat.

Conclusion

We have developed an HPLC method with electro-
chemical detection on carbon paste electrode and spectro-
photometric detection to determine trans-resveratrol in
samples of common and tartary buckwheat. Optimal con-
ditions for the determination of trams-resveratrol were
a mobile phase consisting of acetonitrile : BR buffer pH 7
(30:70) with spectrophotometric detection at 306 nm and
a potential of + 1.2 V for electrochemical detection. The
content of trans-resveratrol was 3.43-3.50 mg kg™ of
seeds of tartary buckwheat and 0.98—1.68 mg kg ™' of seeds
of common buckwheat.

Content of trans-resveratrol in concentrated ethanolic extracts and seeds, obtained using HPLC with spectrophotometric
(306 nm, from height of peak) and electrochemical (£ = +1.2 V, from height of peak) detection, mobile phase acetonitrile :

BR buffer (30:70)

NS HPLC-UV/VIS HPLC-ED
¢ in extract® m? ¢ in extract® m*
[umol 17'] [mg kg™'] [umol 17'] [mg kg™']

1 36.1£3.6 343 +0.35 36.51+4.8 3.47+0.46
2 36.5+4.2 3.47+0.40 36.84 +4.7 3.50+0.45
3 17.7+£2.5 1.68 £0.24 1725+ 1.8 1.64+£0.17
4 11.0+1.9 1.05+0.18 11.29+2.5 1.07+0.24
5 13.8+1.3 1.31+£0.12 1425+29 1.35+0.28
6 10.8 £ 1.1 1.02 £0.10 10.31+2.4 0.98 +£0.23
7 13.0+1.2 1.23+0.11 1298 +3.4 1.23 +£0.32

* Means (of three measurements) + SD
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Fig. 5. HPLC chromatograms with spectrophotometric detection (306 nm) of concentrated ethanolic extracts of buckwheat sam-
ples, numbers of curves corresponds to NS (number of sample) from Table I, mobile phase acetonitrile : BR buffer pH 7 (30:70), flow
rate 1 ml min™’
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Fig. 6. HPLC chromatograms with electrochemical detection on CPE (E = +1.2 V) of methanol (Z), 1-10~° mol I'! of trans-
resveratrol (2), 1-107° mol I'" of cis-resveratrol (3), concentrated ethanolic extract of common buckwheat Zelenocvetkovaya 90 (4),
concentrated ethanolic extract of common buckwheat Zelenocvetkovaya 90 with standard addition of 9.09-10° mol I"' trans-
resveratrol (5); mobile phase acetonitrile : BR buffer pH 7 (30:70), flow rate I ml min™', injected 20 pl
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DIRECT ENANTIOSELECTIVE DETERMINATION OF DRUGS IN BIOLOGICAL
SAMPLES BY CYCLODEXTRIN-MEDIATED CAPILLARY ZONE
ELECTROPHORESIS IN COLUMN-COUPLING ARRANGEMENT
WITH CAPILLARY ISOTACHOPHORESIS
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Department of Pharmaceutical Analysis and Nuclear
Pharmacy, Faculty of Pharmacy, Comenius University,
Odbojdrov 10, 832 32 Bratislava, Slovak Republic
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The present work illustrates possibilities of column
coupling chiral capillary electrophoresis (CE-CE) for the
direct quantitative determination of trace chiral drugs in
multicomponent ionic matrices applicable in enantioselec-
tive clinical analysis, metabolic and pharmacokinetic stud-
ies.

Capillary isotachophoresis (ITP) served as an ideal
injection technique within the CE-CE module transferring
a well defined sample portion into capillary zone electro-
phoresis (CZE) stage. Moreover, the ITP provided an ef-
fective on-line sample pretreatment {partial sample clean
up removing macroconstituents from the sample matrices,
preconcentration of the trace (ng ml™) analytes from 5-20-
-times diluted urine samples} prior to the CZE separation.
In this way, demands on sample preparation were mini-
mized and an external manipulation with the sample was
avoided. This provided (i) shorter analysis time, (if) sim-
plification of analytical procedure, and (iii) higher reliabil-
ity of analytical results.

The CZE stage provided an enantiomeric separation
of the pretreated analytes. A negatively charged car-
boxyethyl-f-cyclodextrin (CE-B-CD) was highly effective
as a chiral selector in the analytical CZE stage for the en-
antioseparations of pheniramine (PHM), dimethindene
(DIM), and dioxopromethazine (DIO). A neutral deriva-
tive, 2-hydroxypropyl-pB-cyclodextrin (HP-B-CD), was
effective for the enantioseparation of amlodipine (AML).
This high recognition capability of the chiral selectors
used was demonstrated by a sufficient enantioseparations
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of the drugs as well as their separations from the micro-
and semi-macroconstituents migrating in CZE stage and
detectable by an absorbance ultraviolet (UV) detector. Due
to lack of interferences between the drugs and sample-
matrix constituents in the optimized chiral CZE systems,
demands on both spacers in ITP stage and multiple col-
umn-switching, usually required in ITP-CZE techniques,
were minimized. Enhanced separation selectivity due to
the combination of different separation mechanisms (ITP
vs. chiral CZE) enabled to obtain pure (monocomponent)
zones of the analytes, suitable for their detection and quan-
titation.

The chiral ITP-CZE-UV method with the charged
and uncharged cyclodextrins used as chiral selectors ap-
peared to be a useful analytical approach for the trace en-
antiomers in complex ionic matrices as it combined en-
hanced (i) separation selectivity and (ii) sample load-
abitlity (a 30 pl sample injection volume) with (iii) high
separation efficiency and provided (iv) favorable perform-
ance parameters including sensitivity, linearity, precision,
accuracy/recovery and robustness with minimal demands
on sample preparation.

The proposed chiral ITP-CZE-UV methods, success-
fully optimized and validated, were applied for the enanti-
oselective analyses of the drugs and their metabolites in
clinical urine samples. For example, the analysis of urine
sample taken from a patient treated by PHM showed
a concentration profile of the PHM enantiomers and their
metabolites. Another chiral ITP-CZE-UV method was
successfully applied for an enantioselective pharmacoki-
netic study of AML. These examples illustrated potentiali-
ties of this analytical approach for the routine use in clini-
cal research.

This work was supported by grant from the Slovak
Grant Agency for Science under the project VEGA No.
1/0003/08 and grant from Comenius University No.
UK/120/2009.
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Uvod

Jednym z najdodlezitejSich problémov, na ktoré Tud-
stvo v stiCasnej dobe kladie doraz, je okrem zabezpecenia
potravy a energetickych zdrojov, aj ochrana Zivotného
prostredia. Medzi vycerpatelné zdroje l'udskej potreby
nesporne patri aj pitnd voda. Svojimi vlastnostami a svo-
jim zlozenim, ako zdroj pitnej vody, je najvhodnejsia pod-
zemnd voda. Podzemné vody patria medzi tie zlozky Zivot-
ného prostredia, ktoré pomerne rychlo odrazaju vsetky
negativne dopady I'udskej ¢innosti. Je to dosledok faktu, ze
podzemné vody zény zvetravania su v bezprostrednom
kontakte so vSetkymi zdkladnymi zlozkami zivotného pro-
stredia (atmosféra, biomasa, pody, zvetraliny, horniny, a to
prostrednictvom infiltrujucich zrazkovych a povrchovych
vod).

Pritomnost’ a realita zvySovania koncentrcie toxic-
kych prvkov (As, Hg, Cd, Sb a i.) a ich zlucenin vo vode,
v pode avovzdusi je vazny problém, sktorym l'udstvo
v nasledujucich desatroc¢iach musi zépasit. Nizke koncen-
tracie kovov nachddzajucich sa vo vodach, su prevazne
prirodzeného pévodu'”. Vyssie mnoZstvad poukazuju na
moznu kontaminaciu. Hlavnym zdrojom tejto kontamina-
cie s vicsinou odpadové vody z tazby a spracovania rad
z hut, z valcovni, z povrchovych tprav kovov, z textilné-
ho, koziarskeho a chemického priemyslu ale aj z
polnohospodarstva’.

V Slovenskej republike prebicha systematické sledo-
vanie kvality podzemnych vod sustredené do vyznamnych
vodohospodarskych oblasti od roku 1982. V sucasnosti je
v platnosti Nariadenie vlady SR &.354/2006 (cit.*), ktorym
sa ustanovuju poziadavky na vodu uréent na 'udskua spot-
rebu a kontrolu kvality vody urcenej na 'udsku spotrebu.
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Stcasny problém predstavuje zvySeny obsah toxic-
kych prvkov v podzemnych vodach, medzi inym zvySeny
obsah arzénu, ktory ma nepriaznivé u¢inky na l'udsky or-
ganizmus. Maximalne pripustné koncentracie As v pitnej
vode boli legislativou mnohych krajin (vratane Eurdpskej
Ginie) ustanovené na 10 pg I"". Arzén sa v prirodnych vo-
dach vyskytuje v dvoch forméch: redukovany ,,trojmocny*
As"™, typicky pre spodné vody s nedostatkom kyslika
a oxidovany ,,patmocny* As", ktory prevlada v povrcho-
vych vodach’. Medzinarodna agentura pre vyskum rakovi-
ny (.LA.R.C. Lyon) zaradila arzén ako dokazany karcino-
gén pre Cloveka, do 1. skupiny s karcinogénnymi, muta-
génnymi a teratogénnymi ucinkami. Najcastej$imi karci-
nogénnymi prejavmi su rakovina koze, pecene, ciev
a obliciek.

V prirode sa vyskytuje vSade; v zemskej kore cca.
2 mg kg™', v usadeninach az 13 mg kg™' (cit.%). Prirodzene
je sucastou lozisk niektorych sulfidov vo forme arzenita-
nov, arzeni¢nanov a v kombinacii s kyslikom, chlorom
a sirou. NajrozsirenejSou formou vyskytu arzénu v prirode
je arzenopyrit FeAsS.

Statny geologicky ustav Dionyza Stira v auguste
2007 uverejnil spravu o najviac zamorenych slovenskych
obciach. Medzi dvadsiatku najviac postihnutych patri Za-
vadka, Markusovce, Rudnik, Rudnany, Zlatda Idka
a Smolnik. Voda a poda v tychto obciach obsahuje vysoké
koncentracie arzénu a antiménu’.

V prirode spolu s arzénom je Casto pritomny aj anti-
mon. Maximalna pripustna koncentracia antiménu v pitnej
vode je stanovena na 0,005 mg "' (cit.*). Antimon je toxic-
ky prvok, vyskytujici sa vicsinou spolu so sirou a arzé-
nom. Jeho koncentricia v zemskej kore sa odhaduje na
0,2-0,3 mg kg ' (cit.?).

NajdodlezitejSia zlucenina antiméonu vyskytujica sa
v prirode je Antimonit (Sb,S;), ktord obsahuje 71 az 75 %
¢istétho kovu a rychlo oxiduje. Koncentricia antiménu
v podach sa pohybuje v rozmedzi 0,3-1,8 mg kg™'. Zvyse-
né koncentracie boli pozorované v tazkych podach boha-
tych na latky organickej povahy. Vyssie obsahy mézu byt
v dosledku antropogénnej ¢innosti.

Antimoénové zrudnenie ma zvlastne postavenie
v oblasti Zapadnych Karpat. Tazba antiménovych rad
v oblasti Malych Karpat, Nizkych Tatier (Dubrava), vo
vychodnej Casti Slovenského Rudohoria, ale aj v neovul-
kanitoch stredného a vychodného Slovenska, dlhodobo
pokryvala domécu spotrebu antiménu a zaroven v minu-
losti vyrazne ovplyviiovala rozvoj rudného banictva
v tychto regidnoch, ale aj kvalitu podzemnych vod’.

Nitriansky kraj je charakteristicky tym, Ze hlavnymi
zdrojmi pitnej vody st dial’kovody: Ponitriansky skupino-
vy vodovod, vodny zdroj Jelka — Galanta a hlavne vodny
zdroj Gabcikovo. Podiel obyvatel'ov v okresoch zdsobova-
nych pitnou vodou z vodovodu je na urovni 90 %. Tato
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oblast’ sa vyznacuje aj mnozstvom artézskych studni, ktoré
su zdrojom podzemnej pitnej vody. Na tieto artézske stud-
ne sme upriamili nasu pozornost’. Sustredené su do okres-
ov Nové Zamky a Sala. Hibky tychto studni sa pohybuju
na urovni 60-500 metrov.

Cielom price bolo zhodnotenie pritomnosti
a sledovanie stability koncentracie arzénu a antiménu
v podzemnych vodach, pochadzajicich z artézskych studni
okresov Nové Zamky a Sala.

Experimentalna cast’
Pouzité pristroje a zariadenia

Na stanovenie arzénu a antiménu sa pouzil atomovy
absorpcny spektrometer AA240Z fy. Varian, Australia.
Merania sa uskuto¢nili vyuzitim techniky elektrotermickej
atomizacie so Zeemanovou kompenzaciou pozadia.

Chemikalie a reagenty

—  zékladny roztok arzénu a antimonu o koncentracii
1000 mg 1", Merck

—  pracovné roztoky sa pripravili riedenim zakladného
roztoku v 0,03 mol 1”! HNO;, Suprapur®, Merck

—  kyselina dusi¢nd Suprapur®, Merck

- deionizovana voda s vodivostou pod < 0.1 pS cm™

—  Palddium — modifikator pre ETAAS c¢(Pd) = 10,0 +
0,2 g 1" (PA(NO;), v 15 % HNO;), Merck

—  horcik, Standardny roztok, Mg(NOs), v 0,5 mol 1!
HNOs3, 1000 mg 1! Mg CertiPUR®, Merck

—  peroxid vodika p.a., Merck

—  tetrahydrat Stvorsodnej soli kyseliny etyléndiamino-
tetraoctovej (EDTA), Calbiochem®.

Podmienky merania

Pri pouziti elektrotermickej atomizécie sa na meranie
arzénu pouzila katédova arzénova vybojka, prad na lampe
10 mA, vinova dizka 193,7 nm, Sirka Strbiny 0,5 nm,
so Zeemanovou kompenzaciou pozadia. Davkovany objem

vzorky 18 ml. Pre stanovenie arzénu sa pouzila zmes pala-
diového modifikatora a Mg(NOs), v roztoku 1,0 % HNO;
v davkovanom objeme 5 pl.

Pre stanovenie antiménu sa pouzila lampa s dutou
katdodou, prad na lampe 10 mA, vinova dizka 217,6 nm,
Sirka Strbiny 0,2 nm, so Zeemanovou kompenzaciou poza-
dia. Davkovany objem vzorky 20 pul. Modifikatorom bola
HNO); pouzita na konzervaciu vzoriek'.

Pre vyhodnotenie vysledkov sa pouzila metdda kalib-
racnej krivky.

Pouzité metoédy stanovenia boli podrobené validacii,
priCom sa stanovili nasledovné vybrané validacné charak-
teristiky metody'!, ktoré s uvedené v tabulke I.

Analyzovany material

Na analyzy sa pouzili vzorky vody z artézskych stud-
ni réznej hibky z okresov Sal'a a Nové Zamky, resp. pra-
men z mesta Nitra, ktoré boli odobrané podla platnych
noriem'?.

Spracovanie vzoriek

Na odber vzoriek sa pouzili nddoby z polyetylénu,
ktoré boli vopred namacané v EDTA a nasledne vycistené
kyselinou dusi¢nou o koncentracii 1,5 mol 1" a oplachnuté
deionizovanou vodou.

Vzorky boli ihned’ po odbere dorucené v chlade, pri
teplote okolo 5 °C, ku spracovaniu do laboratodria a nésled-
ne upravené pridavkom kyseliny dusiénej (c = 1,4 gml™)
tak, aby vysledné pH bolo od 1 do 2. Rovnaky objem sa
pouzil na pripravu slepé¢ho pokusu, kde sa skiiSobna davka
nahradila deionizovanou vodou.

Diskusia

Problém vyskytu arzénu v podzemnych vodach ok-
resov Nové Zamky a Sala sa objavil vroku 1998, ked’
doslo k zmene stanovenych ukazovatel'ov vychadzajicich
z poziadavky STN 75 7111: Kvalita vody — Pitnd voda,

Tabulka I

Validacné charakteristiky metody stanovenia arzénu

Valida¢né charakteristiky As Sb
poziadavka namerané poziadavka namerané

Medza detekcie (LOD), mg I <0,0010 0,00031 <0,0013 0,0010

Medza stanovenia (LOQ), mg I <0,0030 0,00097 <0,0038 0,0021

Opakovatel'nost’ metody ako vyberovy variacny koefi- <10 5,9 <15 9,3

cient (sg), %

Spravnost’ metody ako vytaznost, % 100 =+ u, 109 100 =+ u, 94

Horné hranica rozsahu merania, mg I >0,10 0,30 >0,10 0,20

Standardna kombinovana neistota metody (u.), % <25 19 <15 7,9
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Tabul’ka IT
Obsah arzénu v sledovanych vodnych zdrojoch za obdobie 2005-2009
Miesta odberu Obsah As [mg 17'] sg*
2005 2006 2007 2008 2009  priemer L[]
Sala, Horné ulica - 0,0014 0,0011 0,0013 0,0010 0,0012 16
Sal’a, Hviezdoslavova ulica — 0,0011 0,0011 0,0010 0,0011 0,0011 4.4
Sala, Namestie svitej Trojice - 0,0097 0,0082 0,0083 0,0075 0,0084 11
Sala, Vicansk4 ulica - 0,0057 0,0043 0,0044 0,0029 0,0043 27
Sala, Pribinovo namestie - 0,0028 0,0019 0,0023 0,0018 0,0022 21
Sala, Zahradnicka ulica 0,0130 - 0,0132 0,0125 0,0124 0,0140 14
Nové Zamky, ul. M. R. Stefanika 0,0280 0,0411 0,0291 0,0290 0,0242 0,0287 22
Nové Zamky, Majzonovo namestie 0,0180 0,0167 0,0164 0,0156 0,0130 0,0150 13
Nové Zamky, Namestie 0,0120 0,0130 0,0116 0,0092 0,0114 0,0101 21
P. O. Hviezdoslava
Nové Zamky, Tajovského ulica 0,0084 0,0084 0,0080 0,0076 0,0084 0,0071 18
Nové Zamky, Andovska ulica 0,0085 0,0085 0,0074 0,0067 0,0073 0,0070 19
Nové Zamky, Gugska ulica <0,0054 0,0060 - - 0,0058 0,0057 4,3
Surany, namestie 0,0370 0,0322 0,0300 0,0332 0,0391 0,0343 11
Surany, rekreacny areal 0,0570 0,0519 0,0416 0,0460 - 0,0491 14
Cernik, primostie 0,0340 0,0345 0,0263 0,0291 0,0298 0,0307 11
Nitra, prameti Sindolka 0,0092 0,0100 0,0121 0,0093 0,0107 0,0104 11

*Vyberovy variaény koeficient

novelizovanej v juli roku 1998, ked v dovtedy platnej
norme CSN 75 7111: Jakost vod — Pitna voda z roku 1989,
limitna hodnota arzénu bola 0,050 mg 1™ apre antimén
limitn4 hodnota stanovena nebola'®. Noveliziciou normy
sa limitnd hodnota upravila pre arzén na 0,010 mg 1™
a v pripade antiménu sa stanovila hodnota 0,005 mg 1™
(cit."). Désledkom tejto upravy niektoré vodné zdroje
artézskych studni, ktoré spiiiali poziadavky kvality na ob-
sah arzénu, novelizaciou normy sa stali nevyhovujiucimi.
Normou stanovené hodnoty tychto prvkov znamenali aj
pre kontrolné laboratdria nova vyzvu vo vol'be a zostaveni
analytickych metdd, ktorymi je mozné v rutinnej praxi
stanovené hodnoty spolahlivo stanovovat. Pre tento tcel
sa najcastejSie vyuziva atdmova absorpcna spektrometria,
ktora bola pouzita aj v tejto praci, a ktorej validacné cha-
rakteristiky, vypocitané na podmienky naSho pracoviska,
su uvedené v metodickej Casti tejto prace.

Tabulka II uvadza obsah arzénu vo vodnych zdrojov
artézskych studni sledovanych okresov a stabilitu jeho
koncentracie za obdobie 2005-2009.

Vysledky analyz poukazujii na skutocnost, ze z 15
sledovanych artézskych studni v siedmych dochadza
k prekroCeniu najvyssej medznej hodnoty, stanovenej pre
arzén. Dalsi sledovany zdroj, prameti Sindolka v Nitre vyka-
zuje hodnotu arzénu na hranici najvyssej medznej hodnoty.
Vo vSetkych pripadoch prekrocenia najvysSej medznej hod-
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noty je pitroény priemer v oblasti 10 az 50 ug 1!, Sledova-
nim stability koncentracie arzénu v analyzovanych vodach
pocas piatich rokov sa nezistili velké vykyvy v jeho obsa-
hu. Vypocitany variacny koeficient za uvedené obdobie je
vo vé&§ine pripadov nizsi ako 25 % (iba v pripade — Sala,
Vl¢anska ulica ma hodnotu 26,5 %), ¢o je na Grovni neis-
toty merania.

Pri kazdej analyze spolu s arzénom bol stanovovany
aj antimon. V pripade antimoénu sa v kazdej vzorke stano-
vila niz8ia hodnota prvku ako je jeho detekény limit, t.j.
0,0010 mg I"". Znamena to, Ze antimén sa v tychto sledo-
vanych vzorkdch nenachédzal v merateInych koncentra-
ciach.

Vzhl'adom na skutocnost, Ze sledované zdroje maju
hibku 60 az 500 m, d4 sa predpokladat, Ze povod zvysenej
koncentracie arzénu sa nemd hl'adat’ v antropogénnej ¢in-
nosti, ale ma skor geogénny povod.

Pre zdroje podzemnych vod so zvySenym vyskytom
kontaminantov v sucasnosti existuju technoldgie Upravy
vody, ktoré su uspesne vyuziteI'né a su UspeSne vyuZzivané
v roznych oblastiach Slovenskej republiky'. Nakolko
sledované artézske studne (aj pramefi Sindolka v Nitre) nie
su nevyhnutnymi zdrojmi zasobovania obyvatel'stva pit-
nou vodou, technoldgia Gpravy vody sa v tychto pripadoch
nerieSila. Prislusny prevadzkovatel' oboznamuje obyvate-
I'ov 0 nevhodnosti tychto vod pre pitné ucely.
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Key words: bioaccumulation and translocation factor, cad-
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perforatum L., selenium oxidation state, Zea mays L.

Introduction

Cadmium belongs to wide-spread contaminants,

whereby anthropogenic Cd contamination often results
from mining or smelting of metal ores, waste incinerators
or urban traffic. However, Cd was also released into the
environment by application of phosphate fertilizers'. Phy-
totoxic effects of cadmium are manifested on different
levels. The most apparent visible symptoms of Cd toxicity
in plants are retardation of plant growth, chlorosis and
stunting'?. Decline in growth, chlorophylls and carote-
noids content in the presence of cadmium was confirmed
by many authors®*. Cd inhibits uptake and accumulation
of essential cations’ probably by damaging of root plasma
membrane due to peroxidation of lipids and degradation of
proteins, by affecting ATP-ase and other carriers and by
reducing of root respiration. In the presence of Cd iron
deficiency symptoms in plants can be observed due to
decreased activity of reductases occurring in membranes
of root cells which transform Fe*" ions into Fe’" form
which is available for plants’. The decrease of water con-
tent at reduced transpiration rate indicates that high Cd
concentration reduces the uptake and water transport in
plants’. Reduction of transpiration rate and water content
in plants is connected with decrease of stomata conductiv-
ityg.
Cadmium also inhibits activity of photosystems (PS I and
PS I1)*"!, whereby PS II is more sensitive to Cd stress
than PS T (ref.'"'?). Moreover, in the presence of Cd ac-
tivities of Rubisco and PEP-carboxylase are inhibited,
too'*. Wang et al.'* confirmed that Cd stress initially re-
duced the activities of Rubisco and PEPC and subse-
quently affected the PS II electron transfer in maize plants,
suggesting that the Calvin cycle reactions are the primary
target of the Cd toxic effect rather than PS II.

Selenium is trace element which is not essential mi-
cronutrient in higher plants but it functions as an antioxi-
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dant and has a positive effect on crop growth and stress
tolerance at low concentrations. On the other hand, high Se
concentrations are phytotoxic'”. Higher plants differ in
capacities to accumulate and tolerate selenium. Brassica-
ceae species including Indian mustard (Brassica juncea
L.), broccoli (Brassica oleracea botrytis L.) and canola
(Brassica napus spp. oleifera L.) have been classified as
primary Se accumulators'®™'®. Se can be incorporated into
amino acids as a replacement of sulphur'**’. According to
de Souza et al.”' the reduction of selenate by ATP sulfury-
lase is a rate-limiting step for Se uptake in higher plants,
whereas selenite can be relatively quickly incorporated
into selenoamino acids'**'**. There are indications that Se
might affect biosynthesis of chlorophylls® as well as nitro-
gen assimilation”®.

Cadmium interferes with some essential elements (eg Zn,
Fe), including Se®. Shanker et al.” found that the presence
of sodium selenate(VI) and selenite(IV) reduced Cd accu-
mulation in maize shoots. Selenium oxidation state signifi-
cantly affected bioaccumulation of Cd and Se in pea plants
and treatment with CdSeO, resulted in much higher mobil-
ity of Cd and Se within the plants than the treatment with
CdSe0; (ref.?).

A variety of methods can be successfully used for the
determination of cadmium in different matrices (including
plant materials). Among them, atomic spectrometric meth-
ods such as electrothermal atomic absorption spectrometry
(ETAAS) and flame atomic absorption spectrometry
(FAAS) are the most widely used. FAAS is specially fa-
voured on account of its selectivity, expeditiousness and
fairly low operational cost. Its inadequate sensitivity for
the extremely low concentrations is the main reason for
using ETAAS determination. In our study, concentrations
of cadmium in all studied samples were determined relia-
bly by FAAS and finally the method was used for monitor-
ing of cadmium translocation within experimental plants.

This paper is aimed to investigate the effect of cad-
mium selenate and selenite on plant biomass as well as Cd
accumulation in plant organs of hydroponically cultivated
St. John's wort (Hypericum perforatum L.) and maize (Zea
mays L.) plants, whereby for monitoring of cadmium
translocation within experimental plants flame atomic
absorption spectrometry was used.

Material and methods

Cadmium compounds CdSeO,4 and CdSeO; used for
experiments were prepared according to procedures de-
scribed in Kralova et al.”® Chemicals of analytical purity
used for preparation of Knop nutrient solution were pur-
chased from Lachema (Brno, Czech Republic).
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Cultivation of experimental plants

For cultivation of experimental plants seeds of St.
John's wort (Hypericum perforatum L.) (Research Institute
of Agroecology in Michalovce, Slovakia) were used. Six
weeks old plants were cultivated in hydroponic solution at
controlled conditions (photoperiod 16 h light/8 h dark;
irradiation: 80 umol m2s™' PAR; mean air temperature:
28 °C): control variant in Hoagland solution and metal
variants containing studied compounds (12, 24 and 60 p
mol dm™, respectively) and the response of plants to metal
treatment were evaluated 7 d after Cd application. Then
dry mass of roots and shoots was determined.

The seeds of maize (Zea mays L.), cv. Lucia (FAO
380) were soaked in distilled water for 24 h, then for
3 days germinated in filter paper scroll moistured with
distilled water and consequently hydroponically cultivated in
Knop nutrient solution under controlled conditions (7 days;
photoperiod 16 h day/8 h night; irradiance 80 pmol m %5
PAR; air temperature 25 °C). After 7-day cultivation dry
mass of roots and shoots was estimated
The results were evaluated by the multifactorial ANOVA
algorithm (P < 0.05) after verification of normality and
homogeneity of the variance. The multiple comparisons of
means were based on the method of Tukey contrast.

Determination of Cd content in plants

Roots of plants used for Cd analysis were thoroughly
washed by tap water to remove test solution from the exte-
rior of roots. Plants organs were dried at 70 °C and cut to
small pieces (< 1 mm). All plants were processed for Cd
analysis and the total root and shoot accumulation of Cd
was determined. Mineralization of plants was carried out
in the PTFE-coated stainless steel pressure vessels ZA-1
(JZD Zahnasovice, Czech Republic). 0.1-0.5 g of the plant
sample was weighted to the vessel and 5.0 cm’ of concen-
trated HNO; p.a. (Lachema, Czech Republic) was added.
Vessel was closed and heated in the oven at 160 °C for 6
h. After this procedure the solution was diluted to 25 cm®
with redistilled water and stored in a 50 cm’ polyethylene
(PE) bottle. Cadmium contents were determined using the
flame atomic absorption spectrometry method (AAS
Perkin-Elmer Model 1100, at 228.8 nm with deuterium
background correction). Standard reference Cd stock solu-
tion (1 g dm >, Merck, Germany) and the certified stan-
dard reference materials NCS DC 73350 Poplar Leaves
(China) and NCS DC 733 49 Bush Branches and Leaves
(China) were used to quality assurance of the results. The
detection limit of cadmium was 2 pg dm . The detection
limit corresponding to three times the standard deviation
of the blank was 2 pg dm . The precision expressed by
relative standard deviation (RSD) for five successive de-
terminations varied in the range from 1 % to 3 %.
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Results and discussion

The dependence of root and shoot dry mass of St.
John’s wort and maize plants treated with CdSeO, and
CdSeO;s is presented in Fig. 1. The phytotoxic effect of
the highest applied concentration of studied compounds
(60 pmol dm™) was manifested by desiccated leaves and
leaf fall of St. John's wort plants what was reflected in
great reduction of shoot dry mass. The leaves of these
experimental plants were yellow or brownish. Significant
reduction of the formation of lateral roots of maize plants
was observed mainly for the treatment with 60 pmol dm™
CdSeO,4 and CdSeO;, whereby the leaves of plants culti-
vated in the presence of 60 pmol dm™ CdSeO, exhibited
symptoms of chlorosis. Due to the supply of studied com-
pounds dry mass of shoots was affected to a greater extent
than root dry mass. The reduction of plant biomass by Cd
toxicity could be the direct consequence of the inhibition
of chlorophyll synthesis*’ and photosynthesis™.

The dependence of cadmium content in roots and
shoots of experimental plants treated with is CdSeO,4 and
CdSeO; is shown in Fig. 2. Selenite treatment resulted in
significantly lower Cd accumulation in plant organs of
John’s wort and maize plants than that of selenate. This is
in agreement with the results of several authors*”** 3'22,
In the studied concentration range (060 umol dm™) Cd
content in roots and shoots of John's wort (Fig. 2: I, II)
and in shoots of maize (Fig. 2: /V) increased linearly with
increasing CdSeO, and CdSeO; concentration in hydro-
ponics. On the other hand, in roots of maize (Fig.2:
11I) the increase of supplemented Cd led to gradual satura-
tion of root tissue with this metal. Cadmium bioaccumulat-
ing capacity of roots of John’s wort was much higher than
that of maize roots, whereby Cd accumulation in shoots of
both experimental plant species was similar (slightly
higher Cd shoot concentration was determined for maize).
Higher Cd bioaccumulating capacity of H. perforatum
roots could be connected with effective synthesis of phyto-
chelatins due to metal stress. This detoxification mecha-
nism utilizes complexation of phytochelatins with Cd and
storage of these metal complexes in root vacuoles. Ligands
participating in complexing heavy metals in vacuoles may
be also metal chaperones, organic acids such as citric,
malic and malonic acids or even histidine, nicotianamine
and phytates™ . The great difference in bioaccumulating
capacity of plant roots related to Cd can be also affected
by different age of tested plant species (7 week old plants
of H. perforatum) and 10 d old maize seedlings) as well as
different tolerance of tested plant species with respect to
Cd stress. High tolerance of H. perforatum to Cd was pre-
viously confirmed®’*®. Similarly, some authors reported
relative high tolerance of some maize variants to Cd
stress®™*. It is necessary to stress that higher shoot con-
centrations of cadmium suggest higher Cd mobility (root
to shoot transfer) within the plant.

Bioaccumulation factor (BAF) expresses the ratio of
the metal concentration in the biological material (in pmol
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Fig. 1. Dependence of root (A) and shoot (B) dry mass of St. John’s wort and maize plants on the concentration of CdSeO, (/) and

CdSeO; (II). Mean + S.E; S.E.- standard error

or ug g~ dry mass) to the metal concentration in external
solution (in umol or ug dm™). After supply of both tested
Cd compounds the roots of St. John’s wort accumulated
much more Cd than maize roots (Fig. 3) and the corre-
sponding BAF values determined for roots varied in the
range from 378 to 441 (CdSeO4) and from 182 to 198
(CdSe0s), respectively. The BAF values estimated for
shoots were 17.1-20.2 (CdSeO,) and 2.8—4.1 (CdSeOs).
Higher accumulation of Cd in maize plant organs due to
CdSeO, application was reflected in the corresponding
BAF values determined for roots as well as shoots, which
were approximately twofold in comparison with those
estimated after CdSeO; treatment. In comparison with St.
John’s wort lower BAF values related to plant roots were
determined for maize plants: these BAF values varied
from 69.3 to 213.1 for CdSeO, and from 35.2 to 114.8 for
CdSeO; treatment. The corresponding BAF values related
to maize shoots were estimated as follows: 28.0-57.9 for
CdSeO, and 11.5-26.0 for CdSeO; treatment.

The translocation factor (TF) corresponds to the ratio
of accumulated Cd amount in shoots and roots and thus it
depends also on the actual dry mass of these plant organs,
similarly as the portion from the total accumulated metal
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amount by the plant occurring in the shoots. TF values
related to Cd in maize plants treated with compounds con-
taining selenium in different oxidation state varied in the
range from 0.828 to 1.049 (CdSeO,) and from 0.484 to
0.836 (CdSe0:;3), respectively. Significantly lower TF val-
ues were determined for St. John's wort plants: 0.104—
0.121 for CdSeQ4 and 0.058-0.070 for CdSeOs treatment.
In maize plants portion from the total accumulated
metal amount by the plant occurring in the shoots was
about 43 % in the whole studied concentration range (12—
60 umol dm™) for both tested compounds (CdSeO,
a CdSe0s). On the other hand, in St. John's wort the val-
ues of this portion were significantly lower: 9.4-10.8 %
for CdSeO,4 and 5.4-6.5 % for CdSeO; application. The Cd
portion accumulated in shoots of V. radiata (with respect
to total Cd amount accumulated by plants) was approxi-
mately twofold higher in the case of CdSeO, treatment
than after CdSeO; application®'. Similar values were ob-
tained also for Matricaria recutita plants when after appli-
cation of 12 pmol dm™ CdSeO, this portion reached
50.3 % for cv. Goral and 37,65 % for cv. Lutea, whereby
at application of 12 pmol dm™ CdSeO; the corresponding
portion was only 32,6 % and 16.6, respectively”>. Never-
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Fig. 2. Dependence of cadmium content in roots (/) and shoots (Z) of St. John's wort as well as roots (III) and shoots (/V) of maize
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Fig. 3. Dependence of bioaccumulation factors (BAF) related to Cd determined for roots (/) and shoots (/) of St. John’s wort as
well as roots (Z11) and shoots (IV) of maize plants on the applied CdSeO, and CdSeO; concentration

theless, M. recutita plants are considered to be significant
Cd accumulators®™**. Experiments with Pisum sativum L.
showed that due to CdSeO, treatment up to 38 % of Cd
and 89 % of Se from the total accumulated metal amount
by pea plants was accumulated in the shoots whereas these
values for CdSeO; reached only 18 % for both Cd and Se
(ref.?’).

The above results confirmed high effectiveness of
maize plants (cv. Lucia) to accumulate Cd in their shoots.
It is necessary to stress that despite of bioavailability of
both selenate and selenite, plants absorb preferentially
selenate which will be converted to organic compounds™.
Shanker et al. *' studied uptake and translocation of Cd
absorbed by roots of mung bean treated with selenate and
selenite and irrigated by solution containing 2 pg cm™ Cd.
The authors observed statistically significant reduction of
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Cd uptake with increasing selenite and selenate concentra-
tion whereby selenite application resulted in more effec-
tive reduction of Cd uptake. This is connected with the fact
that the less mobile selenite after being reduced to selenide
tends to form Cd-Se complex, which appears to be un-
available for the plants. The more mobile anion selenate is
available for Cd-Se formation only after following a more
complicated redox processes involving Se(VI) in SeO4>,
Se(IV) in SeOs>", and Se(0) species. Reduced Cd accumu-
lation in maize shoots in the presence of sodium selenate
(VI) and sodium selenite(IV) was confirmed by Shanker et
al.*. Landberg a Greger™ studied the effects of Se(IV) and
Se(VI) on Cd uptake in pea and wheat plants and found
that selenite caused approximately threefold increase of Cd
root concentration whereas application of selenate in-
creased Cd shoot concentration by 50 %.
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Fig. 4. Comparison of Cd portion of Cd occurring in roots (shaded) and shoots (white) of St. John’s wort and maize plants treated

with CdSeO,4 and CdSeO;

Conclusion

Flame atomic absorption spectroscopy was used for
monitoring cadmium translocation within St. John's wort
and maize plants treated with cadmium selenate and se-
lenite. It was found that Cd accumulation in plant roots
was higher than its accumulation in the shoots. Selenium
oxidation state significantly affected effectiveness of cad-
mium uptake and accumulation by plants. Cd content in
plant organs of experimental plant species treated with
selenate was significantly higher than in plants treated
with selenite. Roots of St. John's wort exhibited higher Cd
bioaccumulating capacity than maize roots, however Cd
bioaccumulating ability of shoots was comparable. In the
young maize plants portion from the total accumulated
metal amount by the plant occurring in the shoots was
about 43 % in the whole studied concentration range
(1260 pmol dm™) for both tested compounds (CdSeO,
a CdSeOs3). Therefore it is necessary to monitor metal con-
centrations in maize grown on the polluted fields whether
Cd content in biomass do not exceed the limits of toxicity
for animal feed. Similar monitoring is important also for
St. John's wort plants, above ground part of which is util-
ized for phytotherapeutic purposes.
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Uvod

Ceské a moravské vinohradnictvi a vinaistvi zazna-
menalo v posledni dobé velky rozmach. Pfed vstupem do
Evropské unie doslo k rozsifeni plochy vinic na témér 20
tisic hektarti. Vinohradnické a vinaiské podniky jsou po-
stupné vybavovany modernimi technologiemi, které jsou
zdkladnim pfedpokladem vyroby kvalitnich vin. Jednim
z marketingovych nastroji je kladeni dirazu na typicky
produkt, ktery byl vypéstovany a vyrobeny v Ceské repub-
lice. Nezbytnym marketingovym piedpokladem je pak
kvalita vina a autenticita vina. Hlavnim tkolem vinohrad-
nik?, vinaft a konecné i pracovnikt v reklamé a marketin-
gu je nalezeni hmatatelnych dikazt, které prokazi spotie-
biteli autenticitu vina z pohledu regionu, kde byly dopésto-
vané hrozny a nasledné vyrobené vino. V tradi¢nim fran-
couzském vinafstvi je mozné nazvat vztah vina k urcité
lokalité¢ pojmem ,,terroir. ,, Terroir” je velmi vyznamnym
marketingovym nastrojem svétového vinafstvi. Aktualni je
tento vyzkum zejména ve statech, kde nema ,,terroir svoji
tradici. Mezi takové vinaifské zemé patii Némecko, kde

vina s charakterem ,terroir nesou oznaceni ,Erste
Gewichs*, Rakousku, kde se takova vina oznacuji znam-
kou ,,DAC - Districtus Austriae Controlatus®, nebo
v Kanadé.

Prokazani autenticity vin je slozitou souhrou mnoha
analytickych a senzorickych metod, které maji za cil pro-
kazat skutec¢nou jedinecnost geografického pivodu a tzky
vztah k lokalité, vinaiské obci, nebo regionu. Pfi prokazéani
takové jedineCnosti vina v urcité lokalit¢ mize dochazet
k rozvoji venkova a zemé&dé&lstvi formou propagace vina,
agroturistiky a modernizace vinohradnickych a vinaiskych
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podniki z fondl Evropské unie.

Prvky mohou byt vyznamné jako dobré indikatory
pivodu vina, protoZe nejsou metabolizované v prib&hu
bonifikace'?. Schopnost rozlisit vina podle oblasti na za-
kladé obsahu a slozeni mikroprvkd a makroprvkti naznacu-
je, ze prvky jsou ovlivnény predev§im pii prechodu
z horniny do pidy a z pidy do hroznl. Multielementarni
slozeni pady je siln¢ ovlivnéné rozpustnosti anorganickych
latek v padé. Model vina v zdsad€ odrazi geochemii ptivo-
du pady’. Na zakladé metody ICP-OES a analyzy 16 prv-
kit — Al, B, Ba, Ca, Cr, Cu, Fe, Mn, Mg, P, Pb, Si, Sn, Sr,
V a Zn se podatilo rozdélit sledovana vina do jednotlivych
skupin podle ptivodu®. Na zakladé analyzy 9 prvki — Na,
K, Rb, Cs, Cr, Fe, Co, Zn, Ag — bylo rozliseno 18 némec-
kych vin, kde byly nalezeny vyznamné korelace mezi ob-
sahem prvka v padé a ve viné pro Na, K, Rb, Cs (cit.”).
Baxter a spol. rozlisil na zaklad¢ multielementarni analyzy
48 prvki s vyuzitim metody ICP-MS v souboru 55 $panél-
skych a 67 anglickych vin®. Klasifikace §panélskych vin
z oblasti ,,Galicia® bylo dosaZené pouze na zakladé 2 prv-
kit — vapniku a barya’. Nejcastéji kvantifikované prvky pii
analyze puvodu vin jsou nasledujici prvky — K, Na, Fe,
Zn, Rb, Ca, Mg, Mn, Cu, Cr, Co, Sb, Cs, Br, Al, Ba, As,
Li, Ag*'.

Cilem préce byla analyza 27 bilych a cervenych vin
vyrobenych z riiznych odrid a z riznych vinafskych obci
ve vinafské oblasti Morava. Na zaklad€ analyzy mineralnich
latek byla hledana rozdilnost mezi sledovanymi viny na
zaklad¢€ odridy a na zakladé svého geografického pivodu.

7 wr

Experimentalni ¢ast

Vsechna hodnoceni byla provedena na odridovych
komer¢nich vinech, které pochazely od ¢tyf riznych vinai-
skych podnikli. Podrobnou charakteristiku sledovanych
vin z pohledu odrtidy, ro¢niku, jakostniho stupné, vinarské
obce a vini¢ni traté ukazuje tabulka I.

Stanoveni mineralnich latek v odridovych vi-
nech — Ca, K, Mg, Na, Zn — 10 ml destilacniho zbytku
bylo zmineralizovano s 5 ml koncentrované kyseliny du-
sicné v mikrovilnném rozkladném zafizeni Millestone
Ethos Plus pii 160 °C. Po doplnéni na 50 ml deionizova-
nou vodou a promichani byly prvky stanoveny na ICP
spektrometru Iris Intrepide XSP-Duo (Thermo Scientific).
Z dtvodu interferenci pfi stanoveni Ca a K bylo provedeno
stanoveni téchto prvki v roztocich, které byly jesté 10x
ziedény. Vysledky byly prfepocteny z fedéni roztokd
a z hmotnostnich bilanci destilaci na mg prvki v litru vina.

Na zavér byla provedena statisticka analyza zahrnuji-
ci stanoveni: priméru, smérodatné odchylky, testu homo-
genity rozptyli, testu analyzy rozptyli (ANOVA) a meto-
dy nasledného testovani metodou minimalni prikazné
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Charakteristika sledovanych vin z pohledu odridy, ro¢niku, jakostniho stupné, vini¢ni obce a viniéni trate

Odrtda Rocnik Jakostni stupent Vinafskd obec Vini¢ni trat’
Zweigeltrebe 2003 vybér z hroznti Hrusky Ovcacka
Zweigeltrebe 2004 vybér z hroznl Hrusky Ovcacka
Zweigeltrebe 2003 pozdni sbér Zaroice Oulehle
Zweigeltrebe 2003 pozdni sbér Zarogice Oulehle I.
Zweigeltrebe 2004 jakostni Zaroice Oulehle
Zweigeltrebe 2002 vybér z hroznl Novosedly Stara hora
Zweigeltrebe 2004 vybér z hroznti Novosedly Stard hora
Frankovka 2004 pozdni sbér Valtice Kamenné hory
Frankovka 2003 jakostni Zaroice Oulehle
Modry Portugal 2004 jakostni Archlebov Maliny
Modry Portugal 2003 pozdni sbér Archlebov Maliny
André 2004 pozdni sbér Zaroice Klasovky
André 2003 pozdni sbér Zarogice Klasovky
Ryzlink rynsky 2003 pozdni sbér Zaroice Plestice
Ryzlink rynsky 2004 vybér z hroznl Novosedly Ridzova hora
Ryzlink rynsky 2004 pozdni sbér Valtice Kamenné hory
Ryzlink vlassky 2003 pozdni sbér Zaroice Oulehle
Rulandské bilé 2003 vybér z hroznl Zaroice Klasovky
Rulandské bilé 2004 pozdni sbér Zarogice Klasovky
Rulandské bilé 2004 pozdni sbér Mikulov Pod valtickou
Chardonnay 2004 pozdni sbér Mikulov Pod valtickou
Chardonnay 2004 vybér z hroznti Dobré Pole Daniel
Rulandské sedé 2004 pozdni sbér Valtice Horni ¢tvrté
Sauvignon 2004 vybér z hroznl Jevisovka Stara hora
Sauvignon 2004 pozdni sbér Hrusky Ujezd
Neuburské 2004 vybér z hroznti Novosedly Stara hora
Veltlinské zelené 2003 pozdni sbér Hrusky Podsedky
Muskat moravsky 2003 pozdni sbér Hrusky Ovcacka

diference byla provedena na programu UNISTAT. Statis-
tické vyhodnoceni hroznovou (cluster) analyzou, euklido-
vou metodou nejbliz§itho souseda byla provedena
v programu STATGRAPHIC.

Vysledky a diskuse

Namétené vysledky stanoveni vapniku, drasliku,
hoi¢iku, sodiku a zinku jsou uvedeny v tabulce II. Nejvys-
§i obsah vapniku byl zjistén ve vinech vyrobenych z tzv.
,burgundskych odriid“, ve vinech z lokality Mikulov —
Pod valtickou. Jedna se o vzorky ¢. 20 a 19 (Chardonnay —
128,00 mg I"' a Rulandské bilé — 127,00 mg 1™"). Vysoky
obsah vapniku vtéchto vinech mize mit uzky vztah
k lokalité, protoze se jedna o vinici nachazejici se na vape-
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natém geologickém podlozi. Nejniz§i obsah vapniku byl
zjidtén v Gervenych vinech z lokalit Zarosice a Archlebov.
Jedna se o vzorky ¢. 10 (Modry Portugal — 36,10 mg 1),
¢. 8 (Frankovka — 37,20 mgl™) a &3 (Zweigeltrebe —
z jiné vinai'ské podoblasti a geologicky rozdilné lokality.
Draslik je vyznamny ve vyzivé révy vinné, je spojen
rovn€Zz s technologiemi vyroby vina, zejména zménou
obsahu organickych kyselin a stabilitou vina. Nejvyssi
obsah drasliku byl zjistény opét u ,,burgundskych odrad*,
jmenovit¢ u odrady Rulandské bilé. Jedna se o vzorky
.19 (1265,00 mg 1) a & 18 (1172,00 mg I"). Zajimavé
je zjisténi, Ze nejvyssi obsah drasliku byl zjistény v bilych
vinech, podobné jako u vapniku. V pfipadé¢ vzorkt Ru-
landské bilého se jedna o vina z velmi rozdilnych lokalit

v
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Tabulka II
Obsah mineralnich latek - Ca, K, Mg, Na, Zn - ve sledovanych vinech
Odrtda Roc¢nik Vinaiska Obsah Ca  Obsah K Obsah Mg  Obsah Na  Obsah Zn
obec [mg1™'] [mg 1] [mg 1] [mg1™'] [mg 1]
1 Zweigeltrebe 2003 Hrusky 41,80 878,00 93,30 3,13 0,50
2 Zweigeltrebe 2004 Hrusky 44,70 832,00 81,20 5,20 0,70
3 Zweigeltrebe 2003 Zarosice 37,80 956,00 96,10 3,25 0,70
4 Zweigeltrebe 2003 Zarosice 39,50 857,00 92,40 2,78 0,60
5 Zweigeltrebe 2004 Zarosice 45,90 930,00 106,00 3,74 0,70
6 Zweigeltrebe 2002 Novosedly 58,70 1072,00 105,00 4,77 1,20
7 Frankovka 2004 Valtice 57,60 849,00 85,90 3,96 0,30
8 Frankovka 2003 Zarosice 37,20 706,00 107,00 2,74 1,40
9 Modry Portugal 2004 Archlebov 40,90 1022,00 103,00 5,38 0,60
10 Modry Portugal 2003 Archlebov 36,10 975,00 93,20 3,65 1,10
11 André 2004 Zarogice 47,20 983,00 109,00 3,85 1,00
12 André 2003 Zarogice 43,30 820,00 105,00 6,22 0,90
13 Ryzlink rynsky 2003 ZaroSice 88,80 536,00 85,30 6,15 0,50
14 Ryzlink rynsky 2004 Novosedly 59,60 447,00 79,00 19,90 0,30
15 Ryzlink rynsky 2004 Valtice 88,50 1134,00 80,50 11,80 0,50
16 Ryzlink vlassky 2003 ZaroSice 52,50 640,00 113,00 6,65 0,50
17 Rulandské bilé 2003 Zarogice 94,10 750,00 105,00 10,40 0,40
18 Rulandské bilé 2004 Zarosice 78,20 1172,00 108,00 7,42 0,50
19 Rulandské bilé 2004 Mikulov 127,00 1265,00 92,90 14,50 1,10
20 Chardonnay 2004 Mikulov 128,00 1129,00 94,60 14,20 1,10
21 Chardonnay 2004 Dobré Pole 118,00 741,00 94,60 23,80 0,70
22 Rulandské sedé 2004 Valtice 110,00 1120,00 85,50 13,50 0,60
23 Sauvignon 2004 JeviSovka 76,10 640,00 86,20 16,90 0,40
24 Sauvignon 2004 Hrusky 110,00 722,00 84,00 12,20 0,40
25 Neuburské 2004 Novosedly 38,20 976,00 77,10 16,70 1,10
26 Veltlinské zelené 2003 Hrusky 98,70 1015,00 84,20 12,60 1,00
27 Muskat moravsky 2003 Hrusky 79,00 905,00 61,60 11,00 0,30

stanoven rovnéz v bilych vinech, z odridy Ryzlink rynsky.
Jedna se o vzorky &. 14 (447,00 mg1™) a &.13 (536,00
mg 1.

Nejvyssi obsah hoi¢iku byl zjistén u vzorku ¢. 16
(Ryzlink vlassky — 113,00 mg "), &. 11 (André — 109,00
mg ™), & 18 (Rulandské bilé — 108,00 mgl™) a & 8
(Frankovka — 107,00 mg ™). Viechna tato vina pochazi
z vinaiské podoblasti Slovackeé, lokality Zarogice. Existuje
zde tudiz uzky vztah mezi geologickymi a pldnimi na
lokalité¢ a obsahem hoi¢iku v uvedenych vinech. Nizky ob-
sah hotciku byl stanoven u vzorki €. 27 (Muskat moravsky
- 61,60 mg 1) a & 14 (Ryzlink rynsky — 79,00 mg 17).

Obsah sodiku ve vinech je viditeln€ nizsi, nez obsah

zjistén v Cervenych vinech — ve vzorku ¢. 8 (Frankovka —
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2,74 mg1™"), & 4 (Zweigeltrebe — 2,78 mgl™") a &1
(Zweigeltrebe — 3,13 mg1™"). Vysoky obsah sodiku byl
naproti tomu pozorovan u bilych vin a to u vzorkd ¢. 21
(Chardonnay — 23,80 mg 1) a ¢ 14 (Ryzlink rynsky —
19,90 mg 17").

Nejvyssi obsah zinku byl zjiStén v ¢ervenych vinech
— jedna se o vzorek &. 8 (Frankovka — 1,40 mg 1™") a vzo-
rek &. 6 (Zweigeltrebe — 1,20 mg I™"). Nejnizsi obsah zinku
byl stanoven ve vinech & 7 (Frankovka — 0,30 mg 1), ¢&.
14 (Ryzlink rynsky — 0,30 mg I"") a ¢. 27 (Muskat morav-
sky — 0,30 mg1™).

Vysledky analyzy prvki v jednotlivych vinech byly
vyhodnocené statistickymi metodami testu homogenity
rozptylu, analyzy rozptylu a naslednym testovanim meto-
dou minimalni prikazné diference. V tabulce III jsou uve-
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Tabulka III

Posters

Hodnoceni obsahu vapniku, drasliku, hof¢iku, sodiku a zinku v zavislosti na jednotlivych odriidach se statistickym vyhod-

nocenim metodou ANOVA a minimalni prikazné diference

Vino Obsah Ca Obsah K Obsah Mg Obsah Na Obsah Zn
[mg 1] [mg 1] [mg1™'] [mg1™'] [mg 1]
André 4543 a (9£1)x10? (1,1£0,00)x10% d 542 ab 1,00+0,10
Frankovka 47+14 a (8+1)x10? (1,00+0,20)x10? bed 3,4+1,0a 0,9+0,8
Modry Portugal 3943 a (1,00£0,03)x10°  (1,00+0,10)x10* cd 4,5+1,2 ab 0,9+0,4
Zweigeltrebe 45+7 a (0,9+0,1)x10° (1,00+0,10)x10? bed 3,841,0a 0,7+0,2
Ryzlink rynsky 79+£17 ab (0,7£0,3)x10° (0,8+0,0)x10” ab 13+7 bed 0,43+0,12
Ryzlink vlasky 52,5a 640 113d 6,7 abc 0,5
Rulandské bilé (1,0£0,3)x10% be (1£0,3)x10° (1,040,1)x10% cd 10,77+3,55 abc 0,7+0,4
Chardonnay 12347 ¢ (0,9+0,3)x10° (0,9+0,0)x10% bed 19+7d 0,9+0,3
Rulandské sedé 110 be 1120 85,5 be 13,5 bed 0,6
Sauvignon (0,9+02)x10bec  (0,68+0,06)x10? (0,940,0)x10% be 1543 cd 0,4+0,0
Neuburské 38,2 a 976 77,1 ab 16,7 cd 1,1
Veltlinské zelené 98,7 bc 1015 84,2 abc 12,6 abcd 1
Muskat moravsky 79 ab 905 61,6a 11 abcd 0,3
F test % ns ** ** ns

n.s. — statisticky nevyznamny rozdil, *statisticky vyznamné rozdily na hladin€ vyznamnosti 95 % , **statisticky vyznamné
rozdily na hladin¢ vyznamnosti 99 %, statisticky vyznamné rozdily mezi jednotlivymi sledovanymi parametry: odridou

(a), lokalitou (b), ro¢nikem (c) a jakostnim stupném (d)

deny vysledky ANOVA (F-test) nasledujicim zplsobem:
n.s. — statisticky nevyznamny rozdil, *statisticky vyznam-
né rozdily na hladiné vyznamnosti 95 %, **statisticky
vyznamné rozdily na hladiné vyznamnosti 99 %. Jako
metoda nésledného testovani byla pouZzita metoda mini-
malni prikazné diference, kde mald pismena znaci statis-
ticky vyznamné rozdily mezi jednotlivymi sledovanymi
parametry: odridou (a), lokalitou (b), rocnikem (c) a ja-
kostnim stupném (d).

Nejvyssi obsah vapniku byl zjistén u odridy Char-
donnay (123,00 mg 1™"), ktera se odliuje od viech ostat-
tomu stanoven u odridy Neuburské (38,20 mgl™),
auodrady Modry Portugal (38,50 mg1™). Niz§i obsah
vapniku byl zjistén pfevazné u odrid pro vyrobu Cerve-
nych vin, jako jsou André, Frankovka, Modry Portugal
a Zweigeltrebe. Na zdklad¢ statistického vyhodnoceni se
tyto odrudy odlisuji od vétSiny odridd pro vyrobu bilych
vin.

U obsahu drasliku ve sledovanych vinech nebyl zjis-
tény statisticky vyznamny rozdil mezi odriidami. Nejvyssi
obsah drasliku byl naméfen u odridy Rulandské Sedé
(1120,00 mg1™"), nasledovany odridou Rulandské bilé
(1062,33 mg1™"). Nejnizsi obsah drasliku byl zjistén ve
vinech odriidy Ryzlink vlasky (640,00 mg 1) a Frankov-
ka (777,50 mg 1™").

Odrtdy je mozné rozlisit na zakladé obsahu hot¢iku
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ving zodrady Muskat moravsky (61,60 mgl™). Vino
z této odridy je statisticky odliSeno od vSech ostatnich
odrid. Nizky obsah hoi¢iku byl stanoven i ve vinech
z odrd Ryzlink rynsky (81,60 mg 1"") a Neuburské (77,10
mg 1™"). Tyto dv& odridy se rovnéz odliduji od ostatnich
odrad. Vysoky obsah hoi¢iku byl stanoven ve vinech
z odrid Ryzlink vlassky (113,00 mg1™") a André (107,00
mg 1™"). Obé tyto odriidy jsou opét statisticky odlisné od
ostatnich odrud.

Mezi jednotlivymi odridovymi viny byl stanoveny
rozdil rovnéz na zakladé¢ obsahu sodiku v odridovych
vinech. Nejvyssi obsah sodiku byl zjistény ve vinech
z odridy Chardonnay (19,00 mg1™") — vina z této odridy
byl stanoven v ¢ervenych vinech z odrid Frankovka (3,35
mg 1), a Zweigeltrebe (3,81 mg1™"). Rovnéz tyto dvé
odridy jsou na zakladé obsahu sodiku odlisné od vsech
ostatnich vin.

Podle obsahu zinku nebyl nalezen vyznamny rozdil
zjidtén u vina z odrady Muskat moravsky (0,30 mg1™).
Nejvyssi obsah naproti tomu ve vinech z odrid Veltlinské
zelené (1,00 mg I") a Neuburské (1,10 mg I™).

Mineralni latky mohou slouzit jako velmi dobry indi-
kator geografického ptivodu vin. Rovnéz v tomto hodnoce-
ni byla posuzovana vina zrozdilnych lokalit, aby bylo
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Tabulka IV

Posters

Hodnoceni obsahu sodiku a zinku v zavislosti na jednotlivych lokalitach se statistickym vyhodnocenim metodou ANOVA

a minimalni prikazné diference

Lokalita Obsah Ca Obsah K Obsah Mg Obsah Na Obsah Zn
[mg 1] [mg1™'] [mg 1] [mg 1] [mg1™']
Zarogice (0,6£0,2)x10% ab (0,84+0,19)x10° 10349 ¢ 542 a 0,7+0,3
Archlebov (0,4+0,0)x10* a (1,0£0,0)x10’ 98+7 be 4,5+12a 0,9:£0,4
Dobré Pole 118 cd 741 93,9 abc 238 ¢ 0,7
Hrusky (0,7£0,3)x10* abc ~ (0,87+0,11)x10° 81+12a 9+4 ab 0,640,3
JeviSovka 76,1 abed 640 86,2 abc 16,9 be 0,4
Mikulov (1,3+0,0)x10> d (1,20£0,01)x10° 93,8+1,2 abc 14,440,2 be 1,1+0,0
Novosedly (0,52+0,12)x10? ab (0,8+0,3)x10° 87+16 abc 1448 b 0,9+0,5
Valtice (0,9£0,3)x10* bed (1,0£0,16)x10° 84+3 ab 105 ab 0,5+0,2
F-test ** n.s. ** ** n.s.

n.s. — statisticky nevyznamny rozdil, *statisticky vyznamné rozdily na hladiné vyznamnosti 95 %, **statisticky vyznamné
rozdily na hladin€é vyznamnosti 99 %, statisticky vyznamné rozdily mezi jednotlivymi sledovanymi parametry: odridou

(a), lokalitou (b), roénikem (c) a jakostnim stupném (d)

Tabulka V

Hodnoceni obsahu prvki v zavislosti na jednotlivych ro¢nicich se statistickym vyhodnocenim metodou ANOVA a mini-

malni prikazné diference

Rok Obsah Ca [mg I'']  Obsah K [mg I'']  Obsah Mg [mg I'']  Obsah Na [mg ™ Obsah Zn [mg 1™
2002 58,7 1072 105 4,77 ab 1,2

2003 (0,6+0,3)x10? (0,82+0,15)x10? (0,94+0,14)x10? 6+4 a 0,7+0,3
2004 (0,8+0,3)x10? (0,9+0,2)x10° (0,91+0,11)x10? 1246 b 0,7+0,3
F-test n.s. n.s. n.s. *ok n.s.

n.s. — statisticky nevyznamny rozdil, *statisticky vyznamné rozdily na hladiné vyznamnosti 95 %, **statisticky vyznamné
rozdily na hladiné vyznamnosti 99 %, statisticky vyznamné rozdily mezi jednotlivymi sledovanymi parametry: odridou

(a), lokalitou (b), roénikem (c) a jakostnim stupném (d)

mozné se pokusit zjistit autenticitu vin na zaklad¢ jejich
geografického plivodu. Analyzy obsahu vépniku, drasliku,
hoic¢iku, sodiku, zinku na zékladé jednotlivych lokalit jsou
uvedené v tabulce IV. Statisticky priikazné rozdily mezi
lokalitami bylo mozné zjistit na zakladé obsahu vapniku,
hot¢iku a sodiku.

Nejvyssi obsah vapniku byl zjistén na lokalité Miku-
lov — na této lokalit¢ je vidét jasny vztah s geologickym
podlozim lokality, které je vapencové. Lokalita Mikulov se
byl stanoveny na lokalité Archlebov, ktera je rovnéz odlis-
na od vSech ostatnich lokalit. Na zéklad¢ obsahu drasliku
nebylo mozné rozliSit vina na zaklad¢ jejich geografického
puvodu. Nejvyssi obsah drasliku byl analyzovan na lokali-
a Dobré Pole. Rovnéz u téchto dvou lokalit je podobny
geologicky zaklad. Lokality je mozné rozli$it i na zakladé

s708

obsahu hot¢iku. Nejvyssi obsah hoi¢iku byl stanoveny na
lokalité Zaroice — tato lokalita se svymi viny odlisuje od

zen ve vinech z geologicky ptibuznych lokalit Zarosice
a Archlebov. Na zaklad¢ obsahu zinku byly potom mezi
zinku byl zjistény na lokalité JeviSovka, nejvyssi na lokali-
t¢ Mikulov.

Hodnoceni  jednotlivych ~ mineralnich  latek
v zavislosti na rocniku ukazuje detailné tabulka V. Vysled-
ky ukazuji, ze podle vétSiny sledovanych mineralnich latek
neni mozné rozliSit jednotlivé ro¢niky. Podobnych vysled-
kt bylo dosaZeno i u rozliSeni jakostnich stuptiti vina, kte-
ré jsou zobrazeny v tabulce VI.
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Tabulka VI
Hodnoceni obsahu prvkil v zavislosti na jakostnim stupni vina se statistickym vyhodnocenim metodou ANOVA a minimal-
ni prikazné diference

Jakostni stupen Obsah Ca[mg1'] Obsah K [mg1'] Obsah Mg[mgl™'] ObsahNa[mgl'] ObsahZn[mgl"]

Jakostni 41+4 (0,89+0,16)x10° 105+2 4+l a 0,9+0,4
Pozdni sbér (0,8+0,3)x 10? (0,9+0,2)x10° (0,92+0,13)x10? 8+4 ab 0,7+0,3
Vybér z hroznti (0,7+0,3)x 10 (0,8+0,2)x10° (0,90+0,11)x10? 1348 b 0,7+0,3
F-test n.s. n.s. n.s. * n.s.

n.s. — statisticky nevyznamny rozdil, *statisticky vyznamné rozdily na hladiné vyznamnosti 95 %, **statisticky vyznamné
rozdily na hladiné vyznamnosti 99 %, statisticky vyznamné rozdily mezi jednotlivymi sledovanymi parametry: odridou
(a), lokalitou (b), roénikem (c) a jakostnim stupném (d)

Analyza geografického puivodu a pfipadné odridy je ny rovnéz geologickym ptvodem ptdy. Na jejich zakladeé

nejvhodnéjsi na zéklad€ vicendsobné statistické analyzy je proto mozné odlisit vina podle regionu jejich piivodu —
s vyuzitim udaji ziskanych z méfeni jednotlivych mineral- stanoveni obsahu kovli ve ving je proto dobfe vyuzitelny
nich latek. Celkové vysledky byly vyhodnoceny metodou nastroj k rozliseni vin rizného geografického pivodu. 27
hroznové statistické analyzy s cilem ziskat dendrogram moravskych odrtidovych vin se podatilo rozlisit na zakladé
rozdéleni jednotlivych odrid révy vinné a jednotlivych odridy a geografického pivodu podle obsahu vapniku,
lokalit. K analyze byla vyuzita Euklidova metoda, meto- hoiciku a sodiku.

dou nejblizsiho souseda. S vyuzitim této statistické metody

se podafilo zfetelné rozdélit sledovana vina na skupinu Tato prdce byla realizovina ve spoluprdci s Celné
Cervenych vin a skupinu bilych vin. V dendrogramu mize- technickou laboratori Generadlniho reditelstvi cel v Praze.
me najit skupiny, které maji logickou souvislost. V prvnim Tato prdace byla podporena Ministerstvem Skolstvi, mldde-

shluku jsou odriidy Frankovka (FR) a Zweigeltrebe (ZW), e a télovychovy Ceské republiky (Vyzkumny zamér MSM
které jsou geneticky piibuzné. Dale mizeme v diagramu 6046070901).

vidét ptibuznost dvou vzorkil odriidy Zweigeltrebe (ZW)

a jednoho vina z odrady André. I zde se jedna o odridy se LITERATURA

stejnym genetickym zéakladem. V ¢asti obsahujici bila vina

muzeme najit shluk tvofeny odridami Rulandské bilé 1. Arvanitoyannis LS., Kallithraka S., Kefalas P., El-

a Chardonnay, které jsou rovné€z geneticky piibuzné. Na Zajouli A., Soufleros E., Psarra E.: Food Chem. 53,

zakladé provedenych analyz vSak Ize konstatovat, Ze nedo- 501 (2001).

Slo k rozliseni jednotlivych odrid, ale pouze vin podle 2. Arvanitoyannis 1.S., Katsota M.N., PSarra E.P., Souf-

barvy. leros E.H., Kallithraka S.: Trends Food Sci. Technol.
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svym vapenatym geologickym zakladem. Jako ptibuzné se Anderson D.: Food Chem. 60, 443 (1997).
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I. Poustkova™, L. Babifka®, L. Krejéi® , A.
Méhes®, J. Mazac®, J. Poustka®, and L. Staruch’
(“Department of Quality of Agricultural Products, Czech
University of Life Sciences in Prague, Czech Republic,
Customs Technical Laboratory, General Directorate of
Customs, Prague, Czech Republic, “Department of Food
Chemistry and Analysis, Institute of Chemical Technology
in Prague, Czech Republic, “Institute of Biotechnology and
Food Science, Slovak University of Technology in Brati-
slava, Slovak Republik): Authenticity of Moravian
Wines

Determination of food authenticity is one of the most
crucial issues in food quality control and safety. The intro-
duction of new techniques, in conjunction with greater
consumer demands and expectation for safer products,
gives tremendous impetus to food quality assurance. Wine
adulteration, mainly in terms of varieties and regions of
origin, has been very widespread. Authenticity of wine has
been extensively investigated because wine is an easy
adulterated product. For authenticity analysis of wines are
used these chemical compounds: mineral compounds,
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isotopic ratios, phenol compounds, aromatic compounds,
amino acids and amines. The aim of this work was analy-
sis of wine authenticity with utilisation of mineral com-
pounds (Ca, K, Mg, Na, and Zn). Mineral contents of
wines depend on several factors including grape variety,
area of production, soil characteristic, and environmental
conditions. Their determination has been considered to be
of great interest because it allows the definition of
a “fingerprint” for each of them and represents one of the
criteria used for evaluating the identity and authenticity of
wine.

27 wines were analysed in this work. Wines origi-
nated from white and red grapevine varieties and different
geographical localities. According to contents of calcium,
magnesium and sodium it is possible grape varieties and
geographical origin of wines. The results of this work are
very interesting from geographical origin of wines. Cluster
analysis show very significant distinguishes single locali-
ties. The localities from wine sub-region “Slovacko”, the
village’s Zarosice and Archlebov are very different from
other localities.
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ANALYZA VEDLEJSICH PRODUKTU FERMENTACE NAPOJU
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HOSNEDL”, PAVEL HAVELEC", JAN
POUSTKA® a LADISLAV STARUCH*
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ska univerzita v Praze, Kamycka 129, 165 21 Praha 6 —
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stvi cel, Budéjovicka 7, 140 96 Praha 4, ¢ Ustav chemie
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ze, Technickd 5, 166 28 Praha 6, Ceskd republika, ¢ Ustav
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a potravinarskej biotechnologie, Slovenska technicka uni-
verzita v Bratislave, Radlinského 9, 812 37 Bratislava,
Slovensko

poustkova@af-czu.cz

Uvod

V soucasnosti se zacinaji objevovat napoje nazyvané
-alcopops®, u kterych nelze jednoznacné fici, zda se jedna
o fermentované napoje nebo o lihoviny. Pfidavek lihovin
(ethylalkoholu) muze byt v jistych pfipadech detegovan
izotopovymi metodami, jestlize je botanicky ptivod ptida-
ného alkoholu odliSny od fermentovaného alkoholu a po-
kud se izotopové hodnoty dostatecné 1isi. Pokud vsak ma
pfidand lihovina stejny botanicky plivod, potom je zcela
nemozné urcit, zda byl k podezielému vyrobku piidan
ethylalkohol a tim padem se jiz nejedna o Cisty fermento-
vany vyrobek. Z tohoto divodu byla prace zaméfena na
validaci metod pro stanoveni vedlejSich produktli fermen-
tace — glycerolu, 2,3-butandiolu (L, D a meso formy), kyse-
liny jantarové a kyseliny Sikimové (nevyskytuji se ani ve
stopovych mnozstvich pred fermentaci).

Obsah ethanolu ve vin¢ a pivu je rlizny — zavisi na
typu piva a vina a na stupni prokvaseni. Jsou uvadény jeho
hodnoty ve viné v rozmezi od 45 do 160 g 1", coz odpovi-
da 9 az 13 0bj.% (cit.'™), pro pivo u 10 % svétlych piv
rozsah 2,7 az 3,1 hm.% a u 12 % svétlych piv rozsah 3,5
az 4 hm.%. Tmava piva maji niz§i obsah ethanolu nasled-
kem nizstho prokvaseni’. Glycerol vznika jako vedlejsi
produkt pfemény glukézy pii lihovém kvaSeni, a to pie-
vazn€ na pocatku a je vytvaren predev§im divokymi kva-
sinkami’. PHi destilaci lihu, vzhledem k jeho bodu varu, do
surového lihu nepiechazi’. Obsah glycerolu ve ving se pohy-
buje v rozmezi 4-20 g1™', v pivu v rozmezi 1,5-3,1 gI™
(cit."*). 2,3-Butandiol vznika ¢innosti riiznych mikroorga-
nismu, kvasinek a bakterii, nejspiSe vznika bakterialnim
rozkladem kyseliny citronové®. Ve ving se nachazi
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v mnozstvi 0,3 az 1,35 g17', u piva je to v koncentraci 0,1
a7 0,3 g I"" (cit."?). Kyselina jantarova se v potravinaiském
pramyslu pouzivd k zesilovani chut'ovych vlastnosti
masnych vyrobkd, jako ochucovadlo a regulator kyselosti’.
Kyselina jantarova vznikd pfedevsim odbourdnim kyseliny
jable¢né kvasinkami, a je tak pravidelné¢ vznikajicim
vedlej$im produktem kvaSeni. Jeji obsah se v pruméru ve
vinu pohybuje do 1 g 1" (cit."?). Kyselina §ikimova vznika

fermentaci pomoci geneticky upravenych bakterii
Escherichia  coli, ktera neumoziuje  biosyntézu
aromatickych ~aminokyselin®. 'V mnozstvi kyseliny

Sikimové ve ving se autofi velice li§i — u chorvatskych vin
byly zjistény hodnoty v rozmezi 5-21 mgl™" (cit.”),
u chilskych to bylo mén& 1-12 mg 1" (cit.'?).

Bylo analyzovano ¢tyficet vzorkl vin a ¢tyficet vzor-
ki piv pochazejicich z ceské trzni sité.

Experimentalni ¢ast

Bylo analyzovano 40 vzorkl vin a 40 vzorkd piv
pochazejicich z Ceské republiky. U vin se jednalo o dva
ro¢niky, a to o ro¢nik 2007 (29 vzorkt) a 2006 (10 vzor-
kt). U jednoho vzorku nebyl ro¢nik uveden. VSechna vina
méla objem 0,75 1, byla riznych odrid a byla z riznych
vinafskych zdvodd. U vzorkd piv se jednalo o piva
z riznych pivovart, riznych druh@ a rdzného mnozstvi
alkoholu. Vsechna byla ve skle o objemu 0,5 1, jedenvzo-
rek bylo pivo ve skle o objemu 0,33 1 a ¢tyfi vzorky byla
piva v plechu o objemu 0,5 L.

Ethanol a glycerol byly stanoveny u vina i piva. Vzo-
rek byl prefiltrovan ptes mikrofiltr 0,45 um (RC 0,45 pm,
UNIFLO® 13, Whatman, USA) a analyzovan pomoci
HPLC (Agilent 1200 Series, USA) s refraktometrickou
detekei (RI 101, SHODEX, USA). Podminky stanoveni
byly nésledujici: kolona IEX 300 (300 x 8§ mm, 8 um,
WATREX, Ceska republika), teplota kolony 80 °C, mobil-
ni faze: 0,005 M H,SO,, pritok 1,2 ml min~.

2,3-butandiol byl stanoven ve vzorcich vina a piva.
300 pul vzorku bylo piedlozeno do 25ml Erlenmayerovy
baniky a bylo pfidano 5 ml dichlormethanu obsahujiciho
interni standard 1,5-pentadiol o koncentraci 10 mg ™.
Voda obsazena ve vzorku byla odstranéna pfidavkem cca
1,7 g siranu sodného. Obsah baiiky byl tiepan po dobu
I minuty a poté byla dichlormethanova faze prelita do
25ml odparovaci banky obsahujici 600 ul Cistého ethanolu.
Zbyly siran sodny byl proplachnut dvakrat 5 ml dichlor-
methanu a organické faze byly spojeny v odpafovaci ban-
ce. Analyty v roztoku byly zakoncentrovany pomoci rotac-
ni vakuové odparky a analyzovany pomoci GC (Agilent
6890N) s plamenové ionizaénim detektorem (FID). Pod-
minky GC stanoveni byly nasledujici: kolona RTX624
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(30 m x 0,33 mm x 1,8 um, Restek, USA), nosny plyn He, Kyselina jantarova byla analyzovana jen u vina. Vzo-
split 25 ml min™', teplota nastiiku 250 °C, nastiik 1 pl, rek byl 100x nafedén, poté prefiltrovan pres mikrofiltr
teplota detektoru 250 °C, teplotni program: 50 °C po dobu 0,45 um (RC 0,45 pm, UNIFLO® 13, Whatman, USA)
1 min, poté nartist 10 °C min~" do 200 °C, vydrZ 1 min. anasledn¢ analyzovan pomoci kapildrni izotachoforézy

Tabulka I
Obsah ethanolu, glycerolu, kyseliny jantarové, kyseliny Sikimové a 2,3-butandiolu ve vzorcich vina

Vzorek Obsah Obsah Obsah kyseliny ~ Obsah kyseliny ~ Obsah L,D formy  Obsah meso formy
vina ethanolu glycerolu jantarové Sikimové 2,3-butandiolu 2,3-butandiolu
(1] (1] [mg 1] [mg 1] [mg I [mg 1]
1 88,43 4,87 416,50 20,60 275,95 75,55
2 83,71 4,40 357,00 21,55 223,17 65,72
3 84,53 6,37 777,00 24,75 281,25 65,49
4 95,82 5,41 614,00 16,85 325,32 94,16
5 114,65 6,83 517,50 14,75 444,15 135,76
6 98,91 5,33 489,50 25,90 280,30 82,83
7 84,67 6,57 442,00 7,85 272,26 66,30
8 99,18 5,37 421,00 13,50 299,64 82,98
9 103,72 6,42 836,50 12,25 310,02 79,89
10 93,02 5,20 435,50 32,25 335,67 99,47
11 84,37 6,51 593,50 17,50 281,94 70,28
12 111,63 6,96 526,50 23,10 510,28 149,08
13 95,88 7,64 1049,00 11,95 375,56 98,60
14 95,00 6,48 485,00 7,60 312,41 92,39
15 80,77 4,86 334,50 11,10 190,07 51,90
16 82,61 5,27 370,00 14,90 188,73 50,84
17 95,85 7,96 645,50 27,15 468,93 151,02
18 95,12 7,92 615,50 39,00 505,52 165,52
19 99,89 8,97 628,50 29,45 527,49 156,31
20 104,31 7,93 574,50 26,90 481,22 164,41
21 92,67 5,74 477,00 18,95 303,75 89,82
22 89,42 6,93 556,50 20,55 386,75 115,29
23 97,87 6,61 443,00 14,40 265,48 84,05
24 106,30 7,64 627,00 37,25 426,37 127,71
25 108,66 5,90 433,00 14,05 331,32 103,23
26 102,81 6,91 479,50 14,60 608,12 183,74
27 111,19 8,35 474,00 23,20 576,19 175,37
28 103,15 6,21 356,50 16,20 345,24 102,06
29 103,16 7,22 457,50 15,80 561,81 168,56
30 110,20 7,53 423,00 22,60 497,05 145,22
31 108,32 9,51 1019,50 31,25 422,81 119,18
32 109,32 9,41 1024,00 27,60 408,00 114,86
33 101,24 7,31 448,00 42,65 399,11 117,59
34 109,98 6,72 407,00 19,6 419,29 121,33
35 104,78 6,67 388,00 19,15 429,93 124,79
36 106,17 6,84 412,00 15,75 372,62 111,13
37 112,33 6,60 524,00 20,25 332,91 95,21
38 104,97 9,90 895,50 34,75 421,23 128,09
39 104,06 9,08 913,00 32,65 430,07 140,09
40 112,85 9,31 925,50 9,95 847,03 281,02
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Tabulka II
Obsah ethanolu, glycerolu, kyseliny jantarové, kyseliny Sikimové a 2,3-butandiolu ve vzorcich vina

Vzorek piva  Obsah ethanolu [g1”'] Obsah glycerolu [g17'] Obsah L,D formy Obsah meso formy
2,3-butandiolu [mg ™ 2,3-butandiolu [mg ™
1 41,41 1,59 227,90 57,718
2 37,67 1,33 57,33 23,22
3 32,70 0,99 59,40 22,80
4 31,82 1,07 46,44 17,84
5 41,41 1,39 60,96 16,70
6 39,02 1,68 50,42 17,54
7 33,82 1,15 51,02 17,23
8 32,20 1,02 76,41 23,51
9 32,82 1,03 82,05 23,13
10 33,00 1,13 47,70 12,77
11 36,03 1,35 72,84 27,24
12 36,29 1,37 70,48 26,63
13 33,75 0,97 59,87 24,21
14 94,02 4,65 476,08 146,76
15 37,34 1,35 75,36 19,80
16 40,92 1,57 73,74 28,88
17 37,43 1,53 78,77 35,02
18 39,44 1,58 70,75 29,19
19 74,79 3,85 430,20 117,07
20 47,49 1,88 96,09 45,49
21 39,03 1,57 70,65 26,67
22 36,04 1,44 54,46 17,93
23 36,89 1,44 80,01 41,95
24 35,74 1,36 74,93 30,31
25 56,35 1,83 106,68 32,43
26 39,60 1,45 62,65 21,90
27 38,21 1,44 67,21 26,61
28 37,00 1,56 64,77 31,35
29 39,78 1,62 71,82 36,76
30 26,76 1,10 88,97 19,43
31 35,58 1,39 66,26 18,90
32 40,40 1,63 78,79 37,35
33 34,63 1,30 53,31 29,87
34 28,23 1,04 43,74 13,40
35 19,84 0,78 41,85 12,58
36 25,064 0,90 44,98 13,23
37 27,36 0,96 38,84 12,07
38 32,13 1,23 67,04 18,63
39 41,72 1,49 65,33 22,75
40 40,60 1,37 58,12 13,73

(Villa Labeco EA 202A, Slovensko). Podminky izotacho- proud 350 pA, hnaci proud 70 pA, koncovy proud 25 pA.

forézy byly nésledujci: kapilara 160 x 0,3 mm, vedouci Kyselina Sikimové byla stanovovéana jen u vina. Vzo-
elektrolyt: 10 mM HCI, 12 mM B-alanin, 1% HPMC, kon- rek byl piefiltrovan pfes mikrofiltr 0,45 um (RC 0,45 pum,
covy elektrolyt: 5 mM kyselina kapronova), predseparacni UNIFLO® 13, Whatman, USA), poté nasledovala analyza
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pomoci HPLC/DAD (Agilent 1200 Series, USA): kolona
Biospher C18 (250 x 4 mm, 5 um, WATREX, Ceska re-
publika) v tandemu s IEX (300 x 8 mm, 8 pm, WATREX,
Ceska republika), mobilni faze: 0,005 M H,SO,, prutok
mobilni fize 0,8 ml min~", teplota kolony 60 °C, detekce
210 nm.

Vysledky a diskuse

U vina byl na Etyficeti vzorcich od riznych vinatt
meéfen ethanol, glycerol, kyselina jantarova, kyselina Siki-
mova a 2,3-butandiol (tabulka I). VSechna vina méla ob-
jem 0,75 1, byla riznych odrid a byla zriznych vinai-
skych zavodd. U vin od ¢isla 1 po ¢islo 16 byla vina pfi-
pravena na zakazku a jejich ptivod, pfesnéji feceno ptivod
hrozni, byl jak zoblasti Ceské, tak z oblasti moravskeé.
Vina s Cislem 17 a 18 pochazela z Templatskych sklepi
v Cejkovicich, u vin s &slem 19 a 20 byl vyrobce Znovin
ze Znojma, vino ¢islo 21 pochazelo od Spielberga, vino 22
a 23 bylo od jednoho z nejvétsich vyrobcet, a to ze zavodu
Vinium z Velkych Pavlovic, vino ¢islo 24 bylo vino
od Patria Kobyli a posledni skupina — vina od ¢isla 25 do
Cisla 40 — pochazela z Valtic, od firmy Moravino. Z vétsi
¢asti se jednalo o pfivlastkova vina, bild, sucha.

U piva byl na ¢tyficeti vzorcich od riznych pivovar-
skych spolecnosti méfen ethanol, glycerol a 2,3-butandiol
(tabulka IT). U vzorku piv se jednalo o piva z riznych pi-
vovart, riznych druhG a rdzného mnozstvi alkoholu.
Vsechna byla ve skle o objemu 0,5 1, pouze vzorek ¢islo
17 bylo pivo ve skle o objemu 0,33 1 a vzorky ¢islo 13, 14,
39, 40 byla piva v plechu o objemu 0,5 1. Pokud jde o vy-
robce, jednalo se o pivovary Staropramen (vzorek €. 1, 6,
8, 9 a 39), Plzensky Prazdroj (vzorek ¢. 2, 3, 4,7, 11, 12,
13, 36, 37 a 38), Bud¢jovicky Budvar (vzorek €. 5, 10, 34
a 40), pivovar Holba (¢. 35), pivovar Nachod (¢. 14, 19),
pivovar Svijany (&. 15), pivovar Rohozec (&. 16, 21), Za-
tecky pivovar (€. 17), pivovar Kutna Hora (€. 18), pivovar
Nymburk (€. 20), pivovar Zubr (€. 22), Jihomoravské pi-
vovary (&.23), pivovar Pernitejn (&.24), pivovar z Usti
nad Labem (€. 25), Bohemia Regent (€. 26), Méstsky pivo-
var Platan (€. 27), Bud&jovicky méstansky pivovar (€. 28,
33), pivovar Chodovar (€. 29), pivovar Klaster (¢.30),
Litovel (¢.31) a pivovar Cernd Hora (&. 32). Ve vé&t$ing
pfipadii se jednalo o svétlé lezaky.

Pred samotnym proméfovanim realnych vzorki vin
apiv byly vyvinuty a/nebo optimalizovany metody pro
stanoveni nami sledovanych vedlejsich produkti fermenta-
ce (glycerolu, 2,3-butandiolu, kyseliny jantarové, kyseliny
Sikimové). Pro stanoveni ethanolu a glycerolu byly pouzity
jiz diive znamé metody, probéhla tedy jen jejich validace.
Pro stanoveni 2,3-butandiolu byla zkouSena metoda kapa-
linové i plynové chromatografie. Na kapalinovém chroma-
tografu vSak nebyly vysledky uspokojivé (problém s de-
tekei meso formy 2,3-butandiolu), proto byla dale optima-
lizovan postup piipravy vzorku pro plynovou chromato-
grafii do podoby zminéné vyse. Kyselina jantarova byla
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nejprve stanovovana kapalinovou chromatografii za pomo-
ci proplachovani pfes rizné druhy ionexti (Dowex 1x8,
MIXBED, Biorex), na kterych se kyselina jantarova méla
zachytit a pomoci roztoku kyseliny sirové méla byt vymy-
ta. BohuZzel vysledky ani s jednim s ionext nebyly uspoko-
jivé, proto byla pouZita kapilarni izotachoforéza v dvouka-
pilarnim systému s predseparacni kolonou. Pro kyselinu
Sikimovou byla jiz existujici metoda pouze validovana.

Pti srovnani naméfenych hodnot nami sledovanych
analytll s hodnotami uvadénymi v literatufe nebyly naleze-
ny vyrazné rozdily. Pro vino vychazely tyto hodnoty: etha-
nol 81-115 g I, glycerol 4-10 g 1", 2,3-butandiol 0,2—1,1
g 1!, kyselina jantarova 0,3—1 g I"" a jen kyselina $ikimova
se od udaji v literatufe liSila vySSi horni hranici — nédmi
analyzované vzorky se pohybovaly v rozmezi 7-43 mg 1™
oproti 5-21 mg 1™ (cit.9) a 1-12 mg 1™ (cit."®). U vzorka
piva vSechny zjisténé hodnoty byly v souladu s udaji uve-
denymi v literatufe. Hodnota naméfeného ethanolu se na-
chézela v rozmezi od 20 do 94 g 1™ a glycerolu od 0,8 do
4,7 g 1", Hodnoty 2,3-butandiolu byly mirné vyssi — od
0,05do 0,6 g ! oproti literatufe, ktera uvadi obsah 0,1 az
0,3 g 1™ (cit.?).

Vsechna ziskana data byla podrobena statistickému
vyhodnoceni, kde se mé¢la nalézt zavislost mezi obsahem
vyse zminénych latek a obsahem ehtanolu, ktery byl para-
lelné u vsech vzorkl také stanovovan. Byla vytvoiena
korela¢ni matice pro vino a pivo, kdy u piva byly vysledky
velmi pozitivni (korelacni koeficienty se blizily hodnoté
1). U vina tomu tak nebylo, na prokazani pravosti je nutné
stanovovat pro jistotu vice jednotlivych slozek fermentace.

Zavér

Cilem této prace bylo ziskani védeckych podklad,
na jejichz zakladé by bylo mozné rozlisit pivo a vino jako
Cisté fermentované napoje od napoji, do nichz vyrobce
pridal etylalkohol — hlavné z hlediska vySe spotfebni dané
(spotfebni dat na alkoholické napoje neni jednotna
au kazdé skupiny se velmi lisi). Byl proveden pokus na-
1ézt takovou metodu, kterd by byla schopnd urcit, je-li
analyzovany fermentovany néapoj Cisty nebo zda byl pfi-
praven smichdnim plné fermentovaného népoje s etanolem
nebo lihovinou. Z toho divodu byly vybrany sledované
slou¢eniny, které vznikaji jako vedlejsi produkty fermenta-
ce a nevyskytuji se ani ve stopovych mnozstvich pied fer-
mentaci. Ziskana data byla statisticky zpracovana s cilem
nalézt zavislost mezi obsahem vySe zminénych latek
a obsahem ethanolu. Dle ziskanych vysledki je patrné, ze
mira zavislosti jednotlivych sloucenin na sobé je u vina
velice slabd, tedy pfi kontrole zboZi bude nutné stanovovat
vice vedlejSich produkti fermentace, aby bylo zcela jisté,
ze byl fermentovany napoj upravovan. Naproti tomu
u piva je sila zavislosti velka, a proto bude mozné promeé-
fovat vzdy jen dva vybrané vedlejsi produkty fermentace.
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Tato prace byla realizovana ve spolupraci s Celné
technickou laboratori Generalniho reditelstvi cel v Praze.
Tato prace byla podporena Ministerstvem skolstvi, mlade-
e a télovychovy Ceské republiky (Vyzkumny zamér MSM
6046070901).
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nedl”, P. Havelec’, J. Poustka®, and L. Staruch?
(“Department of Quality of Agricultural Products, Czech
University of Life Sciences in Prague, Czech Republic,
Customs Technical Laboratory, General Directorate of
Customs, Prague, Czech Republic, “Department of Food
Chemistry and Analysis, Institute of Chemical Technology
in Prague, Czech Republic, “Institute of Biotechnology and
Food Science, Slovak University of Technology in Brati-
slava, Slovak Republik): Analysis of By-Products of Fer-
mentation of Beverages

The aim of this work was to obtain scientific data,
which could help to distinguish pure fermented beverages,
i.e. wine and beer, and beverages where ethylalcohol was
added by producers. In such cases, it is a very difficult to
determine consumption tax level. Consumption tax is vari-
ous in each group of alcoholic beverages. For this reason it
was decided to find a method that would have been able to
determine to: if analyzed fermented drink is pure or
whether it was prepared by mixing fully fermented bever-
age with ethanol or spirit. Four compounds which appear
as by-products of fermentation were chosen — glycerol,
2,3-butanediol (L,D and meso form), succinic acid and
shikimic acid, which do not appear even in trace quantities
before fermentation. Selected analytical methods have
been tested for all compounds. It was analyzed forty sam-
ples of wines and forty samples of beers. All samples were
of Czech origin and all were analyzed by verified methods.
Obtained data were subjected to statistical interpretation
and should have been found dependence between contents
of mentioned compounds and content of ethylalcohol.

Obtained results show that dependency rate of indi-
vidual compounds in wine is very weak. It means it is nec-
essary to establish more by-products of fermentation to
identify fermented beverages and beverages enriched with
ethylalcohol. In contrast, beers have strong dependency
rate between tested compounds. It means that it would
have been enough to establish only two selected by-
products of fermentation. Also were established limits in
which individual by-products of fermentation may be
found in beers and wines.
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1/3, 612 42 Brno, Ceska republika

zprochazkova@yfi.cz

Uvod

Konvenéni metody pouzivané ke stanoveni fyzikalné
— chemickych parametrii masnych vyrobkd jsou casové
naroc¢né, pracné a finanén¢ ndkladné. Blizkd infracervena
spektrometrie je moderni, nedestruktivni a vysoce senzitiv-
ni metoda s moznosti simultanniho stanoveni nékolika
parametri. Umoziuje kontrolu jakosti potravinaiskych
surovin, meziprodukt i finalnich vyrobkl a stanoveni
takovych parametrt jako je obsah vody, sacharidi, bilko-
vin a také elektrické vodivosti, pH a dalsich parametri'?.
Béhem poslednich tfi desetileti se ukazalo, ze NIR je vel-
mi efektivni a perspektivni metodou pro zhodnoceni kvali-
ty masa i masnych vyrobka**.

Kvalita masa a masnych vyrobkll je Uzce spjata
s viditelnymi charakteristikami, pfedevSim s barvou masa.
Pfi vybéru masa a masnych vyrobku je barva pro spotiebi-
tele rozhodujici vlastnosti, podle které se orientuji pii na-
kupu’. Je spojena s ostatnimi senzorickymi vlastnostmi
masa, jako je kiehkost a $tavnatost. VSechny tyto charak-
teristiky zavisi na kvalité masa, pfipadné¢ vyskytu jakost-
nich odchylek (PSE, DFD) a na zpdsobu baleni masa
a pouzité atmosféfe. Barva masa je v masném primyslu
rutinné vyuzivana pro Kklasifikovani kvality vepfového
masa’. Mnohé prace popisuji stanovovani barvy masa
a masnych vyrobkl v souvislosti s druhem atmosféry pou-
7ité pii baleni a se zptisobem skladovani’ '°.,

Cilem nasi prace bylo zjistit moznosti pouziti FT-
NIR spektrometrie jako rychlé a sensitivni metody pro
stanoveni barvy salamd.

Material a metodika

V této studii bylo provedeno vySetieni 42 vzorku
salamu Vysocina vyrobeného v technologické diln¢ na
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Ustavu hygieny a technologie masa na VFU Brno. Pfed
analyzou byly salamy uchovavany v souladu s platnou
legislativou.

K méfeni barvy salami byl pouzit spektrofotometr
Minolta CM-2600d (Konica Minolta, Japonsko), pfistroj
byl pfed méfenim nakalibrovan na bilou a ¢ernou barvu.
Jako zdroj bylo pouzito denni svétlo Dgs a standardni uhel
pozorovatele 10° s pouzitim méfici clony o priméru
3 mm. Méfeni probihalo v rezimu CSI, ktery méti reflek-
tanci véetné rozptylenych slozek. Kazdy salam byl zméfen
pétkrat na rdznych fezech a k vyhodnoceni bylo pouzito
priméré hodnoty ze vSech péti métfeni. K vyhodnoceni
byl pouzit program Spectra Magic 3.1 (Konica Minolta,
Japonsko). Barva salami byla hodnocena v systému CIE
L*a*b*, kde L* je svétlost, a* je podil Cervené barvy a b*
je podil zluté barvy. Pro lepsi popis barvy a barevnych
rozdila slouzi dalsi veli¢iny: h (odstin barvy) a C* (sytost
barvy).

Pro tcely méteni na FT-NIR spektrometru byly vzor-
ky salamu homogenizovany rozmixovanim. Kazdy vzorek
byl zméfen tfikrat, pro kalibraci bylo pouzito primérné
spektrum. Vzorky byly proméfeny na spektrometru NIR
Nicolet Antaris (Thermo Electron Corporation, Madison,
USA) ve spektralnim rozsahu 10 000-4000 cm™" se 100
scany. Cas snimani jednoho spektra se pohyboval okolo
1,5 min. Spektra byla méfena na integracni sféfe v rezimu
reflektance s kompresni kyvetou. Naméfena data byla
zpracovana pomoci programu TQ Analyst verze 6.2.1.509
metodou ¢astecnych nejmensich ctverct (PLS) a ovéfena
pomoci cross validace. Pro identifikaci odlehlych spekter
a standardd byly pouzity diagnostiky Spectrum Outlier
a Levarage. Déle byl zvolen optimalni pocet PLS faktor(i
pro kalibraci (PRESS).

Vysledky analyz byly zpracovany programem Micro-
soft Excel 2003. U vSech referencnich ukazateld byly vy-
pocteny souhrnné statistické charakteristiky (pramér, sme-
rodatna odchylka, minimum, maximum.

Vysledky a diskuse

Spektra vzorkd byla méfena v rozsahu vInoctl
10 0004000 cm™". Rozpsti referenénich hodnot pro dané
parametry byla vyjadiena pomoci smérodatnych odchylek
praméru (tab. I).

Pomoci diagnostickych néastroji Spectrum Outlier
a Levarage byly odstranény odlehlé standardy, u kterych
byly nepiesné stanoveny referencni hodnoty nebo se obje-
vila spektralni odchylka. Kalibracni modely pro podil Cer-
vené barvy, podil zluté barvy a pro sytost barvy byly upra-
veny pomoci druhé derivace, ostatni modely byly vytvore-
ny bez pouziti derivace. Kalibra¢ni modely (obr. 1 a 2) pro
vSechny sledované parametry byly vytvofeny pomoci PLS
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Obr. 1. Kalibra¢ni a valida¢ni model pro svétlost

algoritmu. PLS vyuziva u vysetfenych vzorku spektralni
a soucasné koncentracni informaci ke stanoveni latentnich
proménlivych PLS faktorti v souboru dat''. Nejvyssi pocet
faktorti byl zaznamenan pro svétlost (5 faktortll), nejmensi
pocet faktord byl pouzit u parametri podil cervené barvy
a sytost barvy (1 faktor).

Na obr. 1 a 2 mizeme posoudit kalibracni a valida¢ni
vysledky pro stanoveni svétlosti a sytosti barvy.
V optimalnim pfipadé se regresni pifimky pro kalibraci
a cross validaci pIn¢ prekryvaji a pak se jedna o pevnou
zavislost. U obou uvedenych parametri bylo dosazeno
dobrych vysledki. Neuplné piekryvani se regresnich pri-
mek odpovidda vy$§im hodnotim SEC a SECV
(smérodatnd odchylka kalibrace, smérodatnd odchylka
cross validace) u obou parametru.

Spolehlivost kalibracniho modelu byla ovéfena kfizo-
vou validaci. Pro vytvoreni validaénich modelt (obr.1 a 2)
byla pouzita stejna sada vzorki jako pfi kalibraci. Kiizova
validace predstavuje pevnou zavislost mezi hodnotami
referencnimi a hodnotami predikovanymi. P¥esnost valida-
ce byla posouzena na zakladé¢ korelacnich koeficientt vali-
dace (R) a smérodatnych odchylek kalibrace a validace
(SEC a SECV)''. Na zékladé posouzeni hodnot parametrii
kalibra¢nich variacnich koeficientd (CCV) a predik¢nich

Tabulka I
Hodnoty individudlnich parametr( ziskané méfenim barvy
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Obr. 2. Kalibra¢ni a valida¢ni model pro sytost barvy

varia¢nich koeficientll (PCV) byla posouzena spolehlivost
kalibraénich modeli. Pokud CCV u zadného ze sledova-
nych parametrti nepfesahne hodnotu 5 % a PCV hodnotu
10 % mutizeme kalibraci i validaci posoudit jako vysoce
spolehlivé, pokud jeden z nich ptfesahuje danou hodnotu,
jedna se o spolehlivy model a pokud oba koeficienty pie-
sahuji dané hodnoty, jedna se o nespolehlivy model'
(tab. II).

Nejlepsi vysledky byly ziskany pro parametry svét-
lost a sytost barvy, kdy bylo dosazeno nejvyssich korelac-
nich koeficientd, avSak s pomérné vysokymi hodnotami
SEC a SECV, coz koreluje s vysokymi smérodatnymi
odchylkami zjisténymi v souboru referen¢nich hodnot. Pro
ostatni parametry bylo dosaZzeno mén¢ robustnich, i kdyz
spolehlivych modelti, kromé parametru podil Zluté barvy,
kde hodnoty CCV a PCV ukazuji na nespolehlivost kalib-
racniho modelu. Dosazené vysledky lze vysvétlit pouzitim
malého soboru dat s pfili§ velkym rozpétim hodnot a ne-
rovnomérné zastoupenymi hodnotami ziskanymi referenc-
nimi metodami. Pro dosazeni lepSich vysledkt by bylo
potieba doplnit soubor referencnich dat tak, aby rovnomér-
né&ji pokryvaly celé rozpéti hodnot. To by umoznilo ziskani
vice spolehlivych kalibraénich modeld pro vSechny para-
metry.

Parametry n minimum maximum prumér SD
L* 42 32,1 51,6 40,0 52
a* 42 11,5 18,3 15,0 1,6
b* 42 6,7 11,9 9,8 1,2
c* 42 13,9 21,4 17,9 1,6
h 42 27,1 40,5 33,2 3,5

n — pocet vzorktl, SD — smérodatna odchylka
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Tabulka II
Kalibraéni a validacni vysledky individualnich parametri stanovené pomoci FT-NIR spektrometrie
Parametry Kalibrace Cross validace PLS
R SEC CCV [%] R SECV PCV [%]
L* 0,906 2,050 5,16 0,835 2,690 6,77 5
a* 0,797 0,855 5,77 0,642 1,090 7,35 2
b* 0,452 0,992 10,20 0,178 1,140 11,72 1
c* 0,573 1,130 6,35 0,494 1,210 6,80 1
h 00824 1,980 5,69 0,767 2,280 6,86 3

R — korelacni koeficient, SEC — smérodatna odchylka kalibrace, SECV — smérodatna odchylka cross validace,
CCV - kalibra¢ni varia¢ni koeficient, PCV — predik¢ni variacni koeficient, PLS — pocet pouzitych PLS faktord

Zavér

Zhodnoceni vysledk bylo provedeno na zakladé
korelace mezi referenénimi hodnotami a hodnotami vy-
poctenymi pomoci FT-NIR spektrometrie. Korelacni koe-
ficienty (R) se v optimalnim ptipad¢ ptiblizuji hodnoté 1,
coz je pro pouzitelnost modelu nejvhodnéjsi. Spolehlivost
celého kalibracniho modelu byla posouzena na zakladé
korelacnich variacnich koeficienti (CCV) a predikénich
varia¢nich koeficientti (PCV). Pro vétSinu nami sledova-
nych parametrti byly ziskany spolehlivé kalibra¢ni modely.
NaSe studie naznacuje moZnost vyuziti FT-NIR spektro-
metrie jako spolehlivé a vysoce senzitivni metody pro
hodnoceni barvy saldmt.

Prdce vznikla za financni podpory vyzkumného zamé-
ru MSM6215712402 ,, Veterindarni aspekty bezpecnosti
a kvality potravin “.
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Uvod

Huminové latky si pravdepodobne najrozsirenejSie
prirodné organické zlticeniny na zemskom povrchu ktoré
vznikli chemickym a biologickym rozkladom organickej
hmoty a syntetickou ¢innost’ou mikroorganizmov. Si po-
kladané za najddlezitejsi zdroj organického uhlika v pdd-
nom i vodnom prostredi a maji kI'acova tlohu v prirode,
pretoze prispievaju k rastu rastlin, st zodpovedné za Struk-
turu a fyzikalno-chemické vlastnosti pody a tiez sa spajaju
s vi&sinou povrchovych javov, ktoré v pdde nastavaju'.
Huminové latky su najstabilnejSie Casti organického mate-
rialu v pddach a mdzu pretrvavat po tisic rokov’. Vznikaji
mikrobidlnou degradaciou rastlinych pletiv a latok
(napriklad aromatickych ligninovych polymérov) a mozno
zivociSnych biomolekil rozptylenych v zivotnom prostredi
po odumreti zivych buniek. Popri spomenutych nazoroch
na ich Struktiru sa v poslednom desatro¢i za¢ina presadzo-
vat’ tiez nazor, ze humusovy material je supramolekulova
Struktara, ktora je tvorena pomerne malymi silne agrego-
vanymi bio-organickymi molekulami (majuce relativnu
molekulovia hmotnost’ <1000). Huminové latky na zaklade
ich rozpustnosti delime do 3 skupin: na huminové kyseliny
(frakcia huminovych latok, ktora nie je rozpustna vo vode
pri kyslych podmienkach (pH < 2) ale je rozpustna pri
vyssich pH hodnotach), fulvokyseliny (frakcia humino-
vych latok, ktora je rozpustna vo vode pri vSetkych pH
hodnotach) a huminy (frakcia huminovych latok, ktora
nie je rozpustna vo vode pri ziadnom pH ani v zasadach).

Huminové kyseliny (HK) st vSadepritomné prirodze-
ne sa vyskytujuce materialy, ktoré st dolezitymi prekur-
zormi bituménov, ropy a uhlia. Vyskytuji sa v pddach,
sedimentoch, raSeline, uhli, riekach, moriach, rastlinach
a koralovych skeletoch. ZvySuju pédnu urodnost’, urychl’u-
ju fotodegradaciu pesticidov a znizuju toxicitu tazkych
kovov. Znizuju Gcinnost’ produkcie oxidov hlinika a pro-
dukciu karcinogénov pocas rafinicie vody po tazbe rud'.

Molekuly huminovych latok maju hlavne vd’aka kar-
boxylovym a hydroxylovym skupindm z&porny néboj.
V zavislosti od pH a i6novej sily roztoku, v ktorom sa
nachadzaju, dochadza tiez k zmene tvaru tychto polyelek-
trolytov. V roztoku s vysokym pH alebo nizkou iénovou
silou su totiz roztiahnuté v dosledku tzv. intramolekuldrne;j
repulzie medzi zapornymi skupinami v ramci jednotlivych
molekul. Stcasne pdsobi tzv. intermolekuldrna repulzia
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medzi zapornymi skupinami susediacich molekul, ktoré
tak v silne alkalickych roztokoch vytvaraju pravé roztoky.
Pri pH < 7 alebo vysokej i6novej sile su polyelektrolyty
huminovych latok stocené do klbiek a vytvaraju agregaty,
¢o vysvetl'uje vyzraZanie huminovych kyselin v kyslom
prostredi, na rozdiel od kyslejSich a teda aj zapornejSich
fulvokyselin. To znamend, ze velkost makromolekul hu-
minovych latok je premenliva a ako taka tazko definova-
telna.

Huminové kyseliny st charakterizované ako organic-
ké zluceniny, ktoré sa ziskavaji z alkalického podneho
extraktu pdsobenim silnych kyselin (HCI, H,SO,). Maju
vys$siu molekulova hmotnost’, obsahuju viac aromatickych
Castic a karboxylovych skupin ako fulvokyseliny. Humino-
vé kyseliny st vo vode slabo rozpustné a s viacmocnymi
kationmi vytvaraju tazko rozpustné zlic¢eniny — humaty.
Kysly charakter huminovych kyselin, a tym aj ich schopnost’
vymeny katiénov, zavisi od pritomnosti —COOH skupin
a v malej miere aj od alkoholovych a fenolovych —OH sku-
pin. Mnozstvo tychto funkénych skupin je v huminovych
kyselinach mierne nizsie ako pri fulvokyselinach.

Schopnost’ viazat’ prechodné kovy je jednou z najvy-
znamnejSich vlastnosti huminovych latok. V prirodnych
systémoch tieto latky moZzu viazat' zneCistujuce kovy,
anasledne tak vyznamnym spdsobom ovplyviovat také
procesy ako su transportné javy, toxicita, regeneracné
a &istiace procesy tychto systémov a podobne®*. Je pravde-
podobné, ze v prirodnych systémoch pri urcitej hodnote
pH a i6novej sile s pritomnymi kovmi prednostne reaguji
vzdy ur¢ité typy molekal huminovych latok, ich urcité
frakcie®.

Mnohé Stadie ukdzali, Ze huminové latky maji aj
aromatické aj alifatické vlastnosti. Hlavné funkéné skupi-
ny, ktoré prispievaju k povrchovému néboju a reaktivite
huminovych latok st fenolové  hydroxyskupiny
a karboxylové skupiny®®. Huminové latky mozu tvorit
chelaty s viacvalentnymi kationmi ako st Mg*", Ca**
aFe’". Tvorba chelatov zvySuje dostupnost’ tychto katio-
nov organizmom, vratane rastlin.

Napriek priamemu dokazu mozného uplatnenia i6no-
vo-vymennému  (IEC) mechanizmu na  delenie
a charakterizovanie huminovych kyselim, je nedostatok
¢lankov k tejto téme. Preto sme sa rozhodli vyhodno-
tit ucinnost’ a citlivost’ aniéonovo vymennej a kationovo
vymennej tenkovrstvovej chromatografie (TLC) na cha-
rakterizdciu huminovych kyselin (r6zneho pdvodu) a na-
sledne spracovat’ ziskané tidaje a obrazky.

Experimenalna ¢ast’

Pri tomto $tadiu sme pouZivali dva druhy tenkovrs-
tvovych platni: prvou platiiou bol FIXION 50X 8 (Reanal,
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Obr. 1. Princip ziskania a spracovania udajov z IEC-TLC
platni na charakteriziciu huminovych latok rézneho pévodu

Budapest, MR), ktory je silne kysly katex v sodnom cykle
a druhou POLYGRAM IONEX 25 SB-Ac (Macherey-
Nagel, Duren, Nemecko), ktory je silne zasadity annex
v octanovom cykle. Na chromatografick(l analyzu sme
pouzivali r6zne typy komercne dostupnych a izolovanych
huminovych kyselin (Aldrich, Ecohum, Cerova, Raselina 1
a Raselina 3). TLC platne boli vyvijané v uzavretych ko-
morach, pricom ako mobilné fizy sme pouZzivali rézne
typy vodnych roztokov ako aj tlmivych roztokov (H,O,
NaCl, Na,SOy, a citréonan sodny). Vodné roztoky rovnako
ako tlmivé roztoky mali réznu i6novu silu a pH. Taktiez
sme porovnavali dva spdsoby nandSania vzorky — na suché
TLC platne a na mokré TLC platne.

Pre kvantitativne ziskanie udajov z TLC vrstiev sme
vyuzili pocita¢, ktory bol vybaveny beznym skenerom. Zo
ziskanych obrazkov sme nasledne ziskali chromatogramy
(ktoré predstavuju grafick(l zavislost’ retardaéného faktora
od intenzity signalu). Tieto chromatogramy sme ziskali pou-
zitim programu Microcal® ORIGIN® Pro 8 (obr. 1 a 2).
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Obr. 2. Signal ziskany spracovanim TLC platne pouZitim
programu Microcal® ORIGIN® Pro 8, huminova kyselina
pochadzala od firmy Sigma Aldrich a jej koncentracia bola
12 mg mI™'; A) bez vyhladenia B) s vyhladenim (Savitzky-Golay
algoritmus 50 bodov)

Vysledky a diskusia

Na zistenie reprodukovatelnosti retardacnych fakto-
rov huminovej kyseliny (od firmy Sigma Aldrich) sme 3x
nanéSali na mokra TLC platiiu FIXION 50 X8 prislusnt
huminovi kyselinu (o koncentracii 12 mg ml™), pric¢om
sme nasledne tto platiiu nechali vyvijat’ v uzavretej ko-
more vo vode alebo v NaCl, Na,SO, a citrébnane sodnom
(obr. 3).

Na porovnanie retardacnych faktorov huminovej
kyseliny (opat’ od firmy Sigma Aldrich) sme mokré TLC
platne s nanesenymi prislusnymi huminovymi kyselinami
nechali vyvijat vo viacerych uzavretych komorach,
v ktorych boli ako mobilné fazy voda, chlorid sodny
s koncentraciou 0,1 mol "' a chlorid sodny s koncentra-
ciou 0,01 mol/l. Po naslednom zostrojeni zavislosti sme
dané vysledky za danych podmienok porovnavali (obr. 4).

Z uskuto¢nenych pokusov ako aj znameranych vy-
sledkov vyplyva, Zze IEC TLC metéda ndm umoziluje zis-
kat’ spolahlivé a reprodukovatelné idaje na charakteriza-
ciu huminovych latok. Kvoli definovanym a obmedzenym
separaénym priestorom je IEC TLC vyuzite'na najlepSie
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Obr. 3. Reprodukovatelnost’ retarda¢nych faktorov humino-
vej kyseliny (Sigma Aldrich); Experimentalne podmienky: TLC
platna: FIXION — 50 X8, nanasanie na mokro, koncentracia HK:
12 mg mI™", vyvijaci vodny roztok: 0.1 mol I"' NaCl
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Obr. 4. Porovnanie retarda¢nych faktorov huminovej kyseliny
(Sigma Aldrich) v réznych typoch vodnych a tlmivych rozto-
kov s réznou i6novou silou; Experimentdlne podmienky: TLC
platiia: FIXION — 50 X8, nanaSanie na mokro, koncentracia HK:
12mgml™!
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ako frakcionacna alebo ako upravna technika a umoziuje
tieZ archivne zalohovanie fyzicky separovanych humino-
vych kyselin.

Dalou moznostou je preniest ziskané tidaje do TEC
HPLC kolénovych technik alebo d’alej analyzovat TLC
frakcie pomocnymi technikami.

Zaver

Preukazali sme, Ze sposob charakterizovania humino-
vych kyselin, ktory sme si vybrali, sa v pripadnej kombi-
nécii s inymi separa¢nymi ukazuje ako uZito¢ny zakladny
nastroj na charakterizovanie a analyzovanie réznych typov
huminovych kyselin, hoci nie je prili§ zndmy. Potenciél
tejto vybranej metody budeme aj nad’alej skiimat’.

Tato prdaca bola podporovana projektmi VEGA
1/4474/07, VEGA 1/0870/09, APVV-0597-07 a VVCE-
0070-07.
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1. Introduction

Contamination and redistribution of toxic metals and
radionuclides have become one of the most serious envi-
ronmental problems of today. Conventional methods of
toxic metals and radionuclides removal from wastewaters,
such as chemical precipitation, electrowinning, membrane
separation, evaporation and ion-exchange, may not be
always technologically applicable or economically viable'.
Above mentioned techniques are incapable for removing
trace amounts of metals and radionuclides from large vol-
umes of water. There exist also various technologies based
on interaction between pollutants and biological systems in
contaminated environment. If soluble chemicals are pre-
sent in aqueous environment, where also the biomass can
be found, sorbates interact with biological materials and
are bound to cellular surfaces in the process called bio-
sorption”. Current research activity in the field attempts to
evaluate whether biosorption may eventually provide such
an effective and economical treatment process alternative.

Physical and chemical characteristics of biosorbents
are important for understanding the metal binding mecha-
nism on the biomass surface’. Many techniques such as
potentiometric titration, Fourier transform infrared spec-
troscopy (FTIR), scanning electron microscopy (SEM) and
energy dispersive X-ray analysis (EDX) have been used to
study metal binding to biosorbent. The use of a variety of
analytical techniques may help to elucidate metal binding
mechanisms®.

Our previous research demonstrated that moss biosor-
bent represents easily fractionable, well sedimenting mate-
rial with a large specific surface area, suitable for biosorp-
tion of dissolved solutes e.g. metal ions and organic pollut-
ants™®. However, before application of low-cost locally
available biosorbents in water treatment processes is nec-
essary: a) to characterize the mechanism of sorption proc-
ess, b) to determine functional groups participating on
metal sorption, ¢) to quantify sorption capacity and equi-
librium and d) mutual competitive effects of metals in
multi-component systems. Therefore in this study scanning
electron microscopy connected with EDX and FTIR analy-
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sis were used for characterization of biosorbent and study
of metal biosorption mechanism. Equilibrium isotherm
models according to Langmuir and Freundlich were used
for mathematical description of sorption equilibria in sin-
gle and binary systems.

2. Materials and methods
2.1. Biosorbent preparation

Moss Rhytidiadelphus sp. obtained from the forests in
High Tatras Mountains, Slovak Republic was used as bio-
sorbent. After washing twice in deionised water, biomass
was oven-dried for 72 h at a maximum of 45 °C to avoid
the degradation of binding sites. Before using in experi-
ments moss biomass was ground and sieved. Fraction
300-600 pm was used in sorption experiments.

2.2. Biosorption experiments in single and binary
systems

The metal sorption capacity of biosorbent was deter-
mined by suspending of moss biomass (2.5 g1”', d.w.) in
8 ml metal solutions (pH 6.0) containing CoCl, or ZnCl, in
concentration range 100-4000 puM spiked with “°CoCl, or
%7nCl, and exposing for 4h at 20 °C on a reciprocal
shaker (120 rpm). At the end biomass was filtered out,
washed twice in deionised water and radioactivity of both
biosorbent and liquid phase was measured. Biosorption in
binary-metal system Co’'— Zn®>" was carried out at the
same operating conditions in solutions containing both
CoCl, and ZnCl, in different initial molar ratios 2:1, 1:1,
1:2, spiked with °CoCl, or ®*ZnCl,.

The metal uptake was calculated as Q = V' (Cy — Ceq) /
m where Q is the uptake (umol g™', d.w.), C, and Ceq is the
initial and the final metal concentrations in solution
(umol 17"y and m is the amount of dried biosorbent (given
in grams). All experiments were performed in duplicate.

2.3. Radiometric analysis

For radiometric determination of ®°Co and ®*Zn in both
liquid samples and biosorbent, gamma spectrometric scintil-
lation detectors 54BP54/2-X and 76BP76/3 with well type
crystal Nal(Tl) (Scionix, Netherlands) and data processing
software Scintivision32 (Ortec, USA) were used. Standard-
ized “CoCl, (5.181 MBqmlI™, CoCl, 20mg 1™ in 3 gI™'
HCI) and ®ZnCl, (0.8767 MBg/ml, ZnCl, 50 mg 1™ in 3 g 1™
HCI) solutions were obtained from the Czech Institute of
Metrology (Prague, Czech Republic).
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2.4. FTIR and SEM-EDX analysis

To identify the chemical functional groups present on
biosorbent FTIR analysis (FTIR-8400S, SHIMADZU) of
control sample and metal loaded biosorbent was done.
Samples were mixed with KBr at a ratio 1:100 for making
pellets. The FTIR spectra were obtained for within the
range of 400-4000 cm ™.

Biosorbent was firstly pretreated by 0.5 M solution of
CaCl, for 4 h. The surface structure analysis of Ca pre-
treated biosorbent before and after Co®" and Zn*" sorption
from single systems and EDX microanalysis were per-
formed by scanning electron microscope VEGA TESCAN
(Czech Republic) coupled with an EDX, QUANTAX QX2
detector (RONTEC, Germany). Prior the SEM and EDX
analysis, the samples of biosorbent were dried (45 °C,
72 h) and sticked to aluminium sample holder using con-
ductive adhesive (Ag). Moss samples were then coated
with Au using BP 343.7 Evaporator (TESLA ELMI, Czech
Republic). The analyses were performed at voltage 30 kV,
vacuum pressure 36-10~ Pa and magnification 200x.

2.5. Equilibrium modeling
The Langmuir (eq /) and Freundlich (eq 2) isotherms

for single metal systems are represented by the following
equations:

Q — meax Ceq (1)
“1+bC,
0,=kc " 2)

where Qn.x represents the maximum sorption capacity
upon complete saturation of the sorbent, b is a constant
related to the energy of adsorption. K and 1/n values are
the Freundlich constants referring to adsorption capacity
and intensity of adsorption, respectively.

For description of equilibrium in binary system we
used in our study the competitive Langmuir model (eq 3)
developed under the concept of original Langmuir iso-
therm for single systems where one binding site was only
available for one sorbate:

_ QmaxMe‘ bMe, Ceq [Mei ]
1+by, C, [Me, [+ by, C, [Me |

()

ch [Me1 ]

where O[Mej] represents equilibrium sorption capacities
of metal Me;, C.q[Me;] and C¢q[Me;] represent equilibrium
concentration of metals remaining in solution and Q. is
the maximum sorption capacity for the binary component
systems. by and by represent affinity constants of Lang-
muir model for the first and second metal ions’.

To calculate the maximum sorption capacities Qpax
values and the corresponding parameters of adsorption
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isotherms non-linear regression analysis was performed by
the ORIGIN 8.0 Professional (OriginLab Corporation,
Northampton, USA). The 3D sorption surfaces for binary
system Co>"-Zn>" were obtained by plotting the experi-
mental metal equilibrium concentrations Cq on the X and
Y axes, against the cobalt and zinc uptake Q. on the Z
axis. The TableCurve 3D 4.0 (Systat Software, Inc., Chi-
cago, USA) was used for this purpose.

3. Results and discussion

3.1. Analysis of Co and Zn biosorption using
equilibrium modeling

3.1.1. Single sorption systems

Equilibrium modeling provides useful information of
the studied sorption systems. Equilibrium isotherms are
suitable for comparison of sorption capacities of different
biosorbents and affinities of metal ions for the same bio-
sorbent. In this study, two well known isotherm models —
Langmuir and Freundlich were used for analyzing biosorp-
tion equilibrium. Both isotherms were fitted to the experi-
mental equilibrium data for Co?" and Zn*" ion biosorption
by moss biosorbent (Fig. 1) and the calculated isotherm
parameters obtained by non-linear regression analysis are
reported in Table I.

The adequacy of the two models for mathematical
description of Co” and Zn>" biosorption was compared
using Akaike’s information criterion AIC.®. The isotherm
model with the lower AIC, value is considered most likely
to be correct. The Langmuir isotherm describes equilib-
rium data better than the Freundlich isotherm (Table I) as
is demonstrated by the more homogenous standard devia-
tion of each observed parameter, lower A/C, and residual
sum of squares (RSS) values, as well as root mean squared
error (RMSE). Therefore the results will be discussed on
the basis of Langmuir parameters reflecting the two impor-
tant characteristics of the sorption system.

The maximum sorption capacity Qn.x for cobalt ions
obtained from Langmuir isotherm (eq /) at pH 6.0 was
found to be 208 + 4 umol g'. Higher value of Oy, 298 +
11 pmol g™ was observed in the case of Zn>" sorption. The
affinity constant b of the isotherms corresponds to the
initial gradient, which indicates the biosorbent affinity at
low concentrations of metal ions. A greater initial gradient
corresponds to a higher affinity constant’. Comparison of b
values (0.008 = 0.001 1 pmol™" for Co and 0.004 + 0.001
1 umol™" for Zn) suggests that biosorbent displays higher
affinity for cobalt than for zinc ions. Note that K
(Freundlich affinity constant) also shows higher affinity of
biosorbent for cobalt (Table I). From Fig. 1 it is evident
that the cobalt isotherm is steeper at lower equilibrium
concentrations than that for zinc. Nevertheless, moss bio-
sorbent showed high affinity for cobalt, the binding capac-
ity was higher for zinc also reflected well by higher O
value.
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Langmuir and Freundlich equilibrium parameters (+ standard deviation) for Co>" and Zn®" sorption by moss biosorbent
from single systems at pH 6.0 obtained by non-linear regression analysis

Metal Langmuir R’ RSS RMSE AIC,
Qmax [l-lm()l gil] b [l umol’l]
Zn** 298 + 11 0.004 £ 0.001 0.992 341.8 10.67 51.12
Co** 208+ 3 0.008 + 0.001 0.997 51.30 4.135 41.64
Freundlich R? RSS RMSE AICe
K[lgh 1/n
Zn** 287+ 154 0.29 + 0.07 0.898 4128 37.34 63.65
Co** 322+ 16.5 0.24 +0.07 0.856 2740 30.22 61.53
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Fig. 1. Fit of the Langmuir and Freundlich isotherms of Co**
and Zn?* sorption by moss biosorbent (2.5 gI”', d.w.) from
single metal solutions after 4 h interaction at 20 °C and initial
pH 6.0

It should be realized that despite the fact that Lang-
muir isotherm offers no insights into the mechanism of
biosorption'® it remains a convenient tool for comparing
equilibrium data on a quantitative basis (determination of
maximum sorption capacity Qm.x and affinity parameters
b) and providing information on biosorption potential.

3.1.1. Binary sorption system

Before application of unconventional biosorbents for
water treatment is necessary take into account that waste-
water represents multi-component system, where mixture
of pollutants (e.g. metal ions, organic compounds) is en-
countered. The evaluation of biosorption in multi-metal
systems is rather complicated because of possible interac-
tions between metal ions and competition for binding
sites™!!. Following results from single metal experiments
where Langmuir isotherm represented the experimental
data of Co®" and Zn** biosorption reasonably well, we
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used the competitive Langmuir model (eq 3) for quantita-
tive interpretation of sorption equilibrium uptake in Co*'-
Zn** binary system and parameters obtained by non-linear
regression analysis are shown in Table II. Fig. 2A and 2B
represent the 3D sorption isotherm surfaces of the binary
mixture Co®"-Zn?". The mesh surfaces correspond to each
metal uptake according to competitive Langmuir model.
The high values of coefficient of determination and low
values of RMSE indicate a good agreement between iso-
therm model and experimental equilibrium data.

We found that the presence of Co®” in binary system
Co**-Zn*" caused significant decrease in Zn>" sorption
from 178 to 105 pmol g”'. Sorption of Co*" clearly de-
creased from 127 to 62 umol g™ due to the presence of
Zn*" cations in solution. This effect is probably related to
the competition of metal ions for binding sites on the bio-
sorbent surface. A comparison of the isotherms in Figures
2A and 2B showed that zinc exerted a much great com-
petitive effect on the cobalt sorption than vice-versa. In
term of affinity of studied metals higher bz, values indicate
that moss biosorbent has higher affinity to zinc ions in
binary system Co®"-Zn*". Pérez-Marin et al.'” show that
the preference of biosorbent for metals in multi-component
systems could be also attributed to different ionic charac-
teristics of metal ions.

3.2. Analysis of Co and Zn biosorption using
SEM-EDX and FTIR analysis

Despite the fact that both metals and radionuclides
sorption by various biosorbents is extensively studied (see
Gadd"® for review), appropriate analytical techniques (such
as SEM-EDX, XRD, XPS, FTIR and others) are needed to
elucidate the mechanisms participate on biosorption proc-
esses and to get insight into the localization and chemical
nature of metals sorbed by biomass. Preliminary examina-
tion of biosorbent prepared from moss Rhytidiadelphus sp.
by scanning electron microscopy (SEM) revealed that
there are no morphological changes on the biomass surface
after sorption of Co*" and Zn" ions in comparison with
unloaded biomass (Fig. 3A, 4A, 5A).
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Competitive Langmuir isotherm parameters for Co”" and Zn>* sorption in binary Co**-Zn*" system by moss biosorbent

obtained by non-linear regression analysis

" Onas[umol ¢ be, b B RMSE
[1 pmol™] [1 pmol™]
b6y OaxcoCouc 211+£5 0,006 = 0,001 0,009 £ 0,001 0.978 891
Q(CO) — Co*2max Co ~ eqCo
1+b6,Copco +02,Cop
02,0105 2:C o 204+ 5 0,004 £+ 0,001 0,005 + 0,001 0.992 737
Q(Zn) = Zn*max Zn = eqZn
1+b,,C o +56,Copco
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Fig. 2. Three-dimensional sorption isotherm surfaces of Co**-Zn>" binary system: (A) Co** sorption (umol g™) and (B) Zn>* sorp-
tion (umol g™). The surfaces are predicted by the competitive Langmuir model (eq 3) and the symbols are experimental data obtained at

pH 6.0 and 20 °C. Bars represent 95 % confidence interval

For investigation of sorption mechanism, moss bio-
mass was pretreated by CaCl, solution and then used in
sorption experiments. Fig. 3B, 4B and 6B show typical
EDX spectrum of biosorbent before and after sorption of
Co™" and Zn®" ions. EDX spectra before sorption did not
show the characteristic signals of Co®" and Zn*". The pres-
ence of cobalt and zinc on EDX spectra after biosorption
confirms binding of metals cations onto moss surface by
interactions with negative charged functional groups.
Comparison of EDX spectra before and after sorption also
shows that there is evident decrease of Ca peak after metal
sorption as a result of Co*" and Zn*" binding. This indi-
cates that ion exchange mechanism participates on the
sorption of Co*" and Zn®" ions, however it is probable that
at least some other mechanisms such as surface complexa-
tion, coordination and chelation of metals, adsorption or
precipitation are acting simultaneously, to varying degrees,
depending on the biosorbent and the solution chemistry.
Chen and Wang'* studied sorption mechanism of Zn by
yeast Saccharomyces cerevisiae using SEM-EDX analysis
and confirmed ionic binding interactions between Zn and
the biomass. lon-exchange mechanism in Cd** and Pb*
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sorption by mango peel waste confirmed also Igbal et al.””
using EDX analysis. Despite the fact, that SEM-EDX pro-
vides only qualitative analysis of sorption process, ob-
tained results are valuable contribution to the understand-
ing of interactions between biological sorbents and metal
cations.

To identify the chemical functional groups of moss
surface responsible for Co®" and Zn*" sorption, the FTIR
spectra of Rhytidiadelphus sp. before and after metal bio-
sorption were performed. As can be seen from Fig. 6 ob-
tained FTIR spectra reflect the complex character of moss
biomass evidenced by different characteristic bands with
the possible presence of phenolic, carboxylic, hydroxyl
and carbonyl groups. Changes in band intensity and fre-
quency after metal binding can be used to identify the
functionalities involved in binding®.

The broad band with strong intensity ranging from
3200 to 3400 cm™' belongs to —OH group of polymeric
compounds. The peak at ~2918 cm™" could be assigned to
asymmetric vibration of —CHj; group. Absorption peak at
1647 cm™" should be ascribed to strong asymmetric vibra-
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Fig. 3. SEM picture (A) and the EDX elemental spectra of the native biosorbent pretreated with 0.5 M CaCl, before Co and Zn
uptake. Al peak comes from sample holder, Ag peak from sample fixation
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Fig. 4. SEM picture of biosorbent (A) and the EDX elemental spectra after Zn** (0.5 M ZnCl,) sorption from single system.
Al peak comes from sample holder, Ag and Au peaks from sample fixation and coating, respectively
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Fig. 5. SEM picture of biosorbent (A) and the EDX elemental spectra after Co** (0.5 M CoCl,) sorption from single system. Al
peak comes from sample holder, Ag peak from sample fixation
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Fig. 6. FTIR spectra of unloaded, Zn*"loaded (Cy = 0.5 M ZnCl,) and Co*" loaded (C, = 0,5 M ZnCl,) moss biosorbent

tion and peak at 1417 cm™' to symmetric vibration of car-
boxylic group'®'’. The peaks at 1159 cm™ and 1060 cm™
are attributed to C-O-C and -OH groups of polysaccha-
rides. Comparing of infrared spectra of native and metal
loaded biosorbent shows that the absorption band at 3357
cm™' corresponding to —OH group shifted to 3353 cm™
after the Co®" sorption and to 3350 cm™' after the Zn*"
sorption. These shifts in term of wavenumbers correspond
to change of binding energy for —OH functional group
indicating that this group was included in the binding of
metals. Shifts in case of -COOH groups were not strong
(to 1645 cm™ after Zn*" sorption and to 1623 cm™ after
Co”" sorption), this should be caused by the presence of
naturally Ca*" and Mg”" cations bound onto carboxylic
acid groups of moss, which were replaced by Co®" and
Zn*" cations in the process of ion exchange'®. The FTIR
characterization of biosorbents functional groups and their
contribution to metal binding was studied by many au-
thors. Sun et al."” showed that functional groups such as
alcoholic and carboxylate, would be the main binding sites
for biosorption of Co*" and Zn*" by aerobic granules. Sari
et al.” found that in the process of Pd*" biosorption by
moss Racomitrium lanuginosum could be carried out
by ion-exchange between hydrogens of -OH, -NH,
and -COOH groups on the biomass surface and Pd*"
cation. The same mechanism was proposed in the case of
Zn*" and Cd** biosorption using moss Fontinalis antipy-
retica’'.
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4. Conclusions

The maximum sorption capacity Q. of Rhytidiadel-
phus sp. for cobalt ions obtained from Langmuir isotherm
was found to be 208 + 4 pmol g . Higher value of Opax
(298 + 11 umol g ") was observed in the case of Zn*" sorp-
tion. According to the affinity constant » moss biosorbent
showed high affinity towards cobalt, the binding capacity
was higher for zinc also reflected well by higher Qp.x
value. The experimental biosorption data in Co®"-Zn*"
binary system were well described by the competitive
Langmuir model. The comparison of the isotherms showed
that zinc exerted a much great competitive effect on the
cobalt sorption than vice-versa. In term of affinity of stud-
ied metals moss biosorbent has higher affinity to zinc ions
in binary system Co*"-Zn?".

Participation of ~OH and -COOH groups in Co*" and
Zn*" biosorption was proved by FTIR analysis. The pres-
ence of cobalt and zinc on EDX spectra after biosorption
indicates binding of metal cations onto moss surface by
interactions with negative charged functional groups.
SEM-EDX analysis also confirmed that Co®" and Zn** ions
replaced Ca®" ions from biosorbent surface and therefore
ion exchange mechanism participate in cobalt and zinc
biosorption. Although the results provided by the combi-
nation of these techniques offer mainly qualitative data,
they are valuable contribution to the understanding of
mechanisms involved in sorption of metal ions by biosor-
bents.
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STANOVENIE SYNTETICKYCH FARBIV V MASOVYCH VYROBKOCH

DENISA ROSINSKA

Statny veterindrny a potravinovy tistav Dolny Kubin, Janos-
kova 1161/58, 026 01 Dolny Kubin, Slovenska republika
rosinska@svpudk.sk

Klucova slova: syntetické farbiva, HPLC, detektor diddo-
vého pol'a

Abstrakt

Farbiva do potravin su prirodné alebo syntetické lat-
ky, ktoré dodavaju alebo obnovuju farbu v potravine'.
V Eurdpskej Unii nesmt byt prirodné alebo syntetické
farbiva pridavané do Cerstvych potravin napr. ovocia, zele-
niny, méisa, suSeného a kondenzovaného mlieka, Caju
akavy®™®. Ostatné potraviny musia mat obsah syntetic-
kych farbiv jasne vyznaceny na obale. Hygienické normy,
ktoré popisuju pouzitie farbiv do potravin st uvedené
v Potravinovom kddexe Slovenskej republiky.

Syntetické farbiva boli analyzované vysokoucinnou
kvapalinovou chromatografiou, pouzitim koléony RP-18
amobilnej fazy acetonitril : octanovy pufer (v/v 70:30)
a octanovy pufer. Farbiva boli detegované detektorom
diédového pola.

Statny veterinarny a potravinovy Gstav rozanalyzoval
obrovské mnozstvo mésovych vyrobkov a pripravkov zo
Slovenska, ale aj z r6znych krajin Eur6pskej unie. Pritom-
nost” syntetickych farbiv bola zistena v 8,5 % vzoriek mi-
sovych vyrobkov a pripravkou.

Uvod

Syntetické farbiva st latky pouzivané na prifarbova-
nie potravin. Ich vyznam je v tom, Ze zvySuju organolep-
tické vlastnosti — vzhl'ad vyrobku, najmi v pripadoch, kde
prirodné farbiva st zastupené v malych mnozstvach, alebo
sa vplyvom technologickych podmienok zmenili'. Synte-
tické farbiva do potravin mézeme po chemickej stranke
rozdelit’ do niekol’kych skupin: azofarbiva, difenylmetano-
vé, trifenylmetanové, nitrofarbiva, pyrazonové, xanténové,
antrachinonové, chinolinové a indigoidné farbiva. Vacsi-
nou st vo vode rozpustné”.

Z velkého poctu syntetickych farbiv su u nas povole-
né najmé tartrazin (E102), chinolinova zlta (E 104), zIta
SY (E 110), ponceau 4 R (E 124), azorubin (E 122), allura
Cervend (E 129), erytrozin (E 127), brilantnd modra
(E 133), patentna modra (E 131), indigotin (E 132), zelena
S (E 142) a brilantna ¢ierna BN (E 151) atd’.
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Jednou skupinou metdd dokazovania farbiv si orien-
tacné, ktoré dokazuju iba to, ¢i potravina bola prifarbova-
na. Medzi d’alSie analytické metddy, ktoré su uz kvantita-
tivne, patria chromatografické a spektrometrické metody® .
Farbiva sa pouZivajll na prifarbenie skoro vSetkych potra-
vin s vynimkou pouzitia syntetickych farbiv do maésa,
mlieka, muky, chleba a potravin pre dojcenskt a detskt
vyZivu — tu je ich pouzitie legislativou zakézané® . Nema-
ju dobry vplyv hlavne na malé deti a mozu spdsobit’ aler-
gie, hyperaktivitu a nepokojnost. Su vo vsetkych potravi-
nach najmi v cukrovinkdch a sladkostiach, ktoré su az
vel'mi syto farebné. Farbiva tiez obsahuju mnohé napoje.

Neskodnost’ aplikovanych pridavnych latok garantuje
Svetova zdravotnicka organizacia (WHO) a Svetova orga-
nizécia pre polnohospodarstvo a vyzivu (FAO) prostred-
nictvom spolo¢nej Komisie Codex Alimentarius FAO/
WHO. Rozhodnutia organov komisie vychadzaji z odpo-
racani nezavislého Spolo¢ného vyboru odbornikov pre
potravinarske pridavné latky FAO/WHO (tzv. JECFA),
ktory je sformovany zo Spi¢kovych svetovych odbornikov
v danej oblasti a nezastdva ziadne komer¢né zaujmy. Le-
gislativa Codex Alimentarius sa povazuje za celosvetovy
Standard, od ktorého sa odvijaju regionalne i narodné pred-
pisy (vratane predpisov Europskej tnie a Slovenskej re-
publiky). Zamerom je zabezpeCenie rovnakej urovne
ochrany spotrebitelov na celom svete a spravnych praktik
pri obchodovani s potravinami. Tieto predpisy st sucast'ou
Slovenskej legislativy , ktord popisuje povolené syntetické
farbiva ako aj ich najvyssie pripustné mnozstva. Potravi-
novy kodex®™® prisne stanovuje povolené mnozstva pridav-
nych farbiv, ktoré by vyrobcovia vzhl'adom na to, ze ide
o chemikalie mali striktne dodrZiavat' a navyse, pridavaju
sa do vyrobkov cukrarskeho a cukrovinkarskeho priemys-
lu, ktoré vo velkej miere konzumuju deti.

V roku 2008 bola zistena pritomnost’ syntetickych
farbiv v médsovych vyrobkoch a pripravkoch na sloven-
skom trhu v 8,5 % vyrobkov. Na zéklade staleho vyskytu
syntetickych farbiv je kontrola mésovych vyrobkov
a pripravkov na ich pritomnost’ stale potrebna.

Priprava vzorky

Zhomogenizované vzorky boli zaliaté zmesou ben-
zin : aceton. Po rozdeleni vrstiev sa horna vrstva opatrne
zliala a spodna vrstva vysuSila do sucha. SuSina sa extra-
hovala zmesou metanol : amoniak v ultrazvukovom kupe-
li. Extrakt sa prefiltroval cez sklenent vatu a zahustil.
Objem bol upraveny podla intenzity  sfarbe-
nia destilovanou vodou. Pripadny zékal bol odstraneny
prefiltrovanim’.
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Obr. 1. Chromatogram separacie Standardného roztoku vybranych syntetickych farbiv (koncentracia jednotlivych syntetickych

farbiv 10 mg ')

Chromatograficka analyza

Vzorky boli analyzované na chromatografickej kolo-
ne Merck Lichrospher 100 RP-18e, 250 mm x 4 mm, 5 pm.
Ako mobilna faza bola pouzitd zmes acetonitril : octanovy
pufer (v/v 70:30) a octanovy pufer. Na separaciu bola pou-
7ita gradientové elucia, prietok mobilnej fazy 1 ml min™'
a detekcia detektorom diddového pol'a. Kvantifikdcia syn-
tetickych farbiv je vykonavand pomocou externej
kalibrécie’.

Vysledky

Na obr. 1 je zobrazeny chromatogram separacie syn-
tetickych farbiv (amaranth, ponceau 4R, SY, allura, Cerve-

na 2@G, azorubin a erytrozin) HPLC metodou, gradientovou
eliciou s DAD detekciou.

Na syntetické farbiva bolo v roku 2008 vySetrenych
1462 vzoriek. Z toho 457 vzoriek boli misové vyrobky.
Pocet vzoriek, pri ktorych bola zistend pritomnost’ synte-
tickych farbiv, bol 39. Podl'a Nariadenia Eur6pskeho par-
lamentu a rady (ES) ¢. 1333/2008 zo 16. decembra 2008
o pridavnych latkach v potravindch a Vynosu Ministerstva
podohospodarstva Slovenskej republiky a Ministerstva
zdravotnictva Slovenskej republiky z 11. februara 2008 ¢.
04650/2008-OL, ktorym sa vydava hlava Potravinového
kédexu Slovenskej republiky upravujlica pridavné latky
v potravinach a Smernice Eurdpskeho parlamentu a Rady
ES 94/36 z 30. juna 1994 o farbivach pre pouzitie do po-
travin ( U.v. ES L 237, 10.9.1994) nie st syntetické farbi-
va povolené pouZzivat’ do médsovych vyrobkov, okrem tych,

Tabulka I

Prehl'ad vySetrenych vzoriek podla krajiny povodu

Krajiny povodu Celkovy pocet Vyhovujuce Nevyhovujice Nevyhovujuce vzorky
vzoriek vzorky vzorky v %

Slovenska vyroba 342 311 31 9,1

Vyrobky z Eur6pskej tinie 115 106 9 7,8

Tabulka IT

Prehl'ad vySetrenych vzoriek podla spdsobu vySetrenia

Sposob vysetrenia Celkovy pocet Vyhovujuce Nevyhovujice Nevyhovujice
vzoriek vzorky vzorky vzorky v %

Cielena kontrola 136 126 10 7,4

Potravinovy dozor 310 291 19 6,2
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Prehlad vySetrenych vzoriek podla druhu mésového vyrobku
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Druh vyrobku Celkovy pocet Vyhovujice vzorky ~ Nevyhovujlice vzorky Nevyhovujlce vzorky
vzoriek v %

Mikké salamy 113 111 2 1,8

Suché salamy 67 48 19 28,4

Udené miso 63 60 3 4.8

Mleté miso 45 45 0 0

Parky 58 55 3 5,2

Klobasa 45 37 8 17,8

Konzervy 36 34 2 5,6

Ostatné 31 29 2 6,5

ktoré st uvedené v tabulke prislusnej legislativy®™®. Na Na ziklade hodnotenia vysledkov pozitivnych nale-

zaklade toho, vSetkych 39 vzoriek predstavovalo aj vzorky
nevyhovujuce, ¢o je 8,5 % nevyhovujlcich vzoriek na
syntetické farbiva v médsovych vyrobkoch.

Vysetrené vzorky mésovych vyrobkov nie su len
slovenskej vyroby, ale aj vyroby krajin Eurdpskej unie
(vid’ tabul’ka I).

Vzorky boli vySetrované v ramci potravinového do-
zoru, ale taktieZ boli vykonané cielené kontroly (vid’ Ta-
bul’ka II).

U 30 vzoriek bola zistena pritomnost’ syntetického
farbiva ponceau 4R (E 124), z toho 2 vzorky obsahovali aj
SY (E 110) a 2 vzorky alluru ¢ervenu (E 122). Pritomnost’
SY (E 110) bola zistend u 1 vzorky au 14 vzoriek bola
zistena pritomnost’ allury cervenej (E 122).

VySetrované boli rézne druhy méisovych vyrobkov
(vid’ tabul’ka III).

Zaver

V Slovenskych misovych vyrobkoch, vzhl'adom na
pocet odobratych vzoriek, bola zistend pritomnost’ synte-
tickych farbiv v podstate rovnaka ako u vyrobkov z krajin
Eurodpskej tnie.

Na zistenie pritomnosti  syntetickych  farbiv
v mésovych vyrobkoch boli tispesnejsie cielené kontroly.

Najviac  pozitivnych  vzoriek bolo  zistenych
u suchych salam. U 12 vzoriek bola zistend pritomnost’
allury Cervenej (E 122) au 9 ponceau 4R (E124). Taktiez
tu bola zistena pritomnost SY (E 110). Daldou skupinou
mésovych vyrobkov, ktoré su najviac prifarbované synte-
tickymi farbivami st klobasy. U klobés bola zistena pri-
tomnost’ ponceau 4R (E124) v kombinécii s SY (E 110).
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zov v roku 2008 je nad’alej potrebnd kontrola nielen vy-
robkov zo Slovenska, ale aj vyrobkov dovazanych z krajin
Eurdpskej tnie.
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A ELEKTROFOREZOU

LENKA RUPRICHOVA, MICHAELA
DRACKOVA, IVANA BORKOVCOVA,
BOHUMIRA JANSTOVA a LENKA
VORLOVA
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Kli¢ova slova: kasein, kozi mléko, RP HPLC, elektroforé-
za SDS-PAGE

Abstrakt

Cilem prace bylo stanoveni kaseinovych frakci
v kozim mléce pomoci chromatografické a elektroforetic-
ké metody a porovnani téchto metod. Bylo analyzovano
celkem 17 vzorkl koziho mléka, které byly dodany
z farmy z jihomoravského kraje v rozmezi 5 mésict. Pro
zjisténi obsahu kaseinovych frakci byly pouzity metody
RP-HPLC a elektroforéza SDS-PAGE. U obou metod byly
nalezeny vhodné valida¢ni parametry. Obé metody byly
shledany jako vhodné pro stanoveni bilkovin koziho mléka.

Uvod

Mléko obsahuje vice jak 100 riiznych proteint, nej-
veétsi zastoupeni vSak maji kaseiny (78 %). V soucasné
dobé¢ se ke kvantitativni a kvalitativni analyze jednotlivych
proteinii nejcastéji pouzivaji metody: chromatografické
(HPLC — vysokoucinné kapalinova chromatografie), elek-
trochemické (elektroforéza) a imunochemické (ELISA)'.
Cilem této prace bylo ke stanoveni kaseinovych frakei
pouzitim  vysokou¢inné kapalinové chromatografie
sreverzni fazi RP-HPLC a gelové elektroforézy SDS-
PAGE (sodium dodecyl sulphate polyacrylamide gel
electrophoresis). Pii posuzovani metod byla brana v avahu
analyticka, technicka i ekonomicka kritéria.

Material a metodika
Vzorky
Vzorky koziho mléka byly ziskany z kozi farmy

v Jihomoravském kraji Ceské republiky. Farma mé 75 koz
plemene bila kratkosrsta koza na 1. az 8. laktaci,
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s primérnou dojivosti 2—3 1 denng, 600-800 1 za rok.
V obdobi od poloviny kvétna do zacatku listopadu byly
kozy krmeny letni krmnou déavkou zahrnujici pastvu,
0,5 kg sena a do 1 kg jadra (jeCmen, triticale, oves), vita-
minovd minerdlni smés a sil, ve zbylém obdobi zimni
krmnou davkou: 3 kg travni senaz, 1 kg cukrovkova silaz,
1 kg seno a do 1 kg jadra, vitaminov4 minerdlni smés
a stl. Dojeni bylo provadéno strojné 2x denné. Po nadoje-
ni bylo mléko zchlazeno na teplotu 4-6 °C. Pfi této teploteé
bylo uchovavano po dobu 12—-24 h do tepelného oSetieni
staciondrni pasteraci pfi teploté 72 °C po dobu 20 s. Odbér
vzorkl byl realizovan po odstavu kizlat v obdobi duben —
zati 2005. Vzorky zchlazené na teplotu 4-6 °C, byly trans-
portovany tak, aby nedoslo ke zvySeni jejich teploty na
vice nez 8 °C. Po pfijmu do laboratofe byly vzorky zamra-
zeny a pii této teploté skladovany do doby vysetieni.

Kaseiny byly izolovany a nasledn& lyofilizovany?
pomoci lyofilizatoru Lyovac GT 2 (Amsco/Finn-Aqua,
Finland).

Chemikalie

Acetonitril (Merck, Némecko), akrylamid, bisakryla-
mid, persiran sodny, TEMED, bromfenolova modf, glycin,
Tris (hydroxymethyl)-aminomethan (TRIS), 2-merkapto-
ethanol, Coomasie brilliant blue R-250 (Bio-Rad Labora-
tories, Richmond, CA), trifluoroctova kyselina (TFA),
standardy o,-casein, B-casein, k-casein (Sigma-Aldrich,
Némecko).

Ptiprava vzorku

Pro HPLC analyzu byl lyofilizovany kasein rozpustén
vroztoku Tris-HCI (pH 6,8) a byl pfidan 2-merkapto-
ethanol. Dale byly vzorky prefiltrovany ptes nylonovy
membranovy filtr (0,2 um) do vialek.

Ke stanoveni pomoci gelové elektroforézy SDS-
PAGE byl lyofilizovany kasein rozpustén v Tris-HCI (pH
6,8) zaptidavku redukujiciho pufru s 2-merkapto-
ethanolem. Vzorky byly 2 min povareny.

Podminky stanovent

Ke stanoveni byl pouzit kapalinovy chromatograf
Alliance 2695 s PDA 2996 detektorem (Waters, USA)
a kolonou X Bridge TM C18, 150 x 3,0 mm, 3,5 pm
(Waters, Irsko). Teplota kolony byla 45 °C. Mobilni faze
A obsahovala vodu/acetonitril/trifluoroctovou kyselinu
(TFA) v poméru 95/5/0,1 (v/v/v) a mobilni faze B vodu/
acetonitril /TFA v poméru 5/95/0,1 (v/v/v). Bylo pouzito
gradientové eluce a pritoku mobilni fize 0,4 ml min™.
Detekce byla provadéna pti 205 nm. Velikost nastiiku byla
10 pl.
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K separaci kaseinovych frakci u gelové elektrofotézy
byl pouzit separacni gel (15 % T, 2,6 % C) a zaostfovaci
gel 3% T, 2,6% C)* zapouziti Mini-Protean III Cell
Electrophoresis apparatus (Bio-Rad Laboratories, Ri-
chmond, CA). Pro migraci byl pouzit délici pufr (30,3 g
Tris, 144 g glycin, 10 g SDS doplnéno do 1 litru destilova-
nou vodou) fedény 1:9 s destilovanou vodou. Elektroforé-
za probihala pfi 110 V pfi pokojové teploté. Gely byly
barveny Commassie Brilliant Blue R-250.

Vyhodnoceni

Sbér a vyhodnoceni dat u metody RP-HPLC byly
provedeny v programu Empower2 (Waters, USA) meto-
dou vnéjsiho standardu. U gelové elektroforézy SDS—
PAGE byla kvantifikace provedena v programu ElfoMan
2.0 (Servis Sale of Laboratory Equipment, Praha, CR) na
zakladé hustoty pixeld (pfevedeno na %) jednotlivych
ploch bandt kaseinovych frakci.

Zakladni statistické charakteristiky (pramér, median,
smérodatna odchylka, relativni smérodatna odchylka, ma-
ximalni hodnota, minimalni hodnota a procenta) byly vy-
pocitany pomoci Microsoft Excel.

Vysledky
Validace a optimalizace RP-HPLC metody

Optimalizace HPLC analyzy byla provedena pomoci
standardnich roztokll o-, B- a w-kaseinu. Vyhodnoceni
bylo provedeno metodou vnéjsiho standardu a kvantifikace
byla provedena metodou ¢asovych skupin (timed groups).
Individualni piky byly seskupeny do skupiny a zpracovany
jako jeden pik. V piipadé k-kaseinu byly sumarizovany
piky v ¢asovém rozmezi 10,00-12,50 min, u agj-kaseinu
13,20-14,40 min a u B-kaseinu v rozmezi 14,10-16,00
min. Opakovatelnost postupu byla stanovena z vysledki
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nekolikanasobného méfeni jednoho vzorku (n =6) a byla
stanovena jako RSD 4,6 % u ag;-kaseinu, RSD 6,7 % u B-
kaseinu a RSD 0,7 % u k-kaseinu. Limit detekce byl stano-
ven jako 3 S/N (pomér signal/sum) 0,0045 mg ml™' a mez
stanovitelnosti (uréena jako 10 S/N) byla 0,015 mg ml™".
Ukazka chromatogramu standardii kaseint je na obr. 1.

Validace a optimalizace metody SDS-PAGE

Optimalizace metody SDS-PAGE byla provedena
pomoci standardniho roztoku kaseinti. Kalibracni kiivky
byly sestrojeny v koncentracnim rozsahu: pro o,-kasein
a B-kasein 0,39-3,15 mg ml™! (asy-kasein: y = 0,7688x +
0,1107, R* = 0,9996; B-kasein y = 0,4542x — 0,0178, R* =
0,9933), pro k-kasein 0,40-3,20 mgml™ (y = 0,8317x —
0,0844, R* = 0,9908). Citlivost metody byla zjisténa jako
smérnice kalibra¢nich ptimek. Opakovatelnost metody
byla zjisténa z vysledkt né€kolikandsobného meéteni jedno-
ho vzorku a byla vyjadrena jako RSD = 11 % a.,-kasein;
11 % B-kasein; 11 % k-kasein. Dale byla stanovena repro-
dukovatelnost nastiiku: RSD = 2,5 % as,-kasein; 3,9 % B-
kasein; 3,0 % -kasein. Limit detekce byl stanoven jako 3
S/N (pomér signal/Sum) 0,08 mg ml™" pro a,-kasein, 0,04
mg ml™" pro B-kasein a 0,07 mgml™" pro k-kasein. Mez
stanovitelnosti (uréena jako 10 S/N) byla 0,27 mg ml™" pro
as-kasein, 0,14 mg ml™' pro B-kasein a 0,24 mg ml™" pro
k-kasein. Vytéznost metody byla 75-108 %. Na obr. 2 je
ukézka elektroforeogramu koziho mléka.

V tab. I jsou uvedeny obsahy kaseinl ve vzorcich
koziho mléka. Literatura uvadi obsah kaseinovych frakci
v kozim mléce: ag;-kasein 5,6 %, agsy-kasein 19,2 %, B-
kasein 54,8 % a k-kasein 20,4 %", Ve srovnani s kravskym
mlékem je frakce agi-kaseinu zastoupena v malych kon-
centracich na rozdil od as,-kaseinu®. P rozdé&leni kaseino-
vych frakci pomoci elektroforézy SDS-PAGE byl chroma-
togram posouzen na zakladé srovnani s chromatogramem
uvedeném v &lanku autord Tomotake a spol.’. Pomoci

0,557
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———
9,00

Obr. 1. Chromatogram standardii o-kasein, -kasein, k-kasein
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W - < O -kasein
G G S W < (-kascin
—— N - . < x-kasein

Obr. 2. Elektroforeogram vzorku koziho mléka

metody SDS-PAGE vysla praimérna hodnota ag,-kaseinu
14,06 %, P-kasein 73,62 % a x-kasein 8,26 %. Hodnoty
as,-kaseinu jsou srovnatelné s literaturou®. Hodnoty pro B-
kasein a k-kasein se lisi, rozdily mohou byt zplsobeny
v zavislosti na plemeni, vyzive, rocnim obdobi, geografic-
kych podminkach apod. *

Pomoci metody RP-HPLC byly zjistény primérné
hodnoty pro ag;-kasein 5,53 %, B-kasein 66,25 % a x-

Tabulka I

kasein 28,22 %. Tyto hodnoty jsou srovnatelné
s literaturou viz. vyse®.

Zavér

Ke stanoveni kaseinovych frakci v kozim mléce byla
pouzita metoda RP-HPLC s PDA detekci a gelova elektro-
foréza SDS-PAGE. Z vySe uvedenych vysledku je ziejmé,
ze frakce a-kaseinu a k-kaseinu se podstatné lisi. Rozdil
vysledkti mtize byt dany tim, Ze u elektroforézy byl stano-
ven pouze dsy-kasein, ktery je v kozim mléce podstatné
vice zastoupen neZ og;-kasein. U RP-HPLC byl stanoven
metoda v porovnani s RP-HPLC, ale na druhou stranu je
SDS-PAGE cenové dostupné;jsi.

Prace vznikla za podpory vyzkumného zdameéru
MSM6215712402 Veterindrni aspekty bezpecnosti a kvali-
ty potravin.

LITERATURA

1. Grappin R., Dupont D., Pochet S., Lefier D.: Analyti-
cal Methods, v knize: Roginski H., Fuquay J. W., Fox
P. F. Encyclopedie of Dairy Science, 3, p. 1967. Aca-
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Obsah kaseint jednotlivych vzorki v kozim mléce stanoveny metodami RP-HPLC a elektroforézou SDS-PAGE

Cislo vzorku, RP-HPLC Elektroforéza SDS-PAGE

% ogi-kasein B-kasein k-kasein asr-kasein B-kasein k-kasein
1 4,06 76,00 19,95 8,00 78,50 9,50
2 5,40 72,89 21,71 10,50 79,00 6,50
3 4,94 67,00 28,06 11,00 78,00 9,00
4 5,48 65,90 28,63 18,50 66,00 7,50
5 5,08 67,94 26,99 19,50 68,00 7,50
6 487 64,38 30,75 15,00 68,50 7,50
7 4,25 66,46 29,28 6,50 86,50 8,00
8 6,77 72,17 21,06 20,50 67,00 6,00
9 5,07 66,65 28,28 13,00 74,00 10,50
10 4,83 68,07 27,10 12,50 78,00 5,50
11 4,39 67,36 28,25 20,00 66,50 8,50
12 5,43 64,53 30,05 9,00 82,00 9,00
13 7,65 61,51 30,84 8,50 86,00 8,00
14 5,56 62,06 32,39 16,00 54,50 16,00
15 9,08 58,46 32,46 13,00 75,00 9,50
16 5,38 61,04 33,59 16,00 75,00 5,50
17 5,82 63,77 30,41 21,50 69,00 6,50
Primer [%] 5,53 66,25 28,22 14,06 73,62 8,26
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IDENTIFIKACIA MARKEROV RADIACNEHO OSETRENIA VLASSKYCH
ORECHOV AKO POTENCIALNYCH KOMPONENTOV PEKARENSKYCH ZMESI

JANA SADECKA a EMIL KOLEK

Vyskumny ustav potravindrsky, Priemyselnad 4, 824 75
Bratislava, Slovensko
sadecka@vup.sk

Uvod

Produkcia kvalitnych a bezpecnych potravin nezat’a-

zenych pritomnostou mikrobidlnej kontaminacie sa javi
v sucasnosti ako jeden z globalnych problémov. V roku
1984 Komisia pre Codex Alimentarius vypracovala medzi-
narodni normu pre radiacné osetrenie potravin a z legisla-
tivneho hladiska poskytla zasady spravneho radiacného
osetrenia potravin do vysky priemernej davky 10 kGy. Od
pociatku 80. rokov rad predovSetkym rozvinutych krajin
zaviedol legislativne predpisy pre radiacné oSetrenie potra-
vin odpovedajiice zisadam kodexovej normy, a tak
v 37 statoch bolo povolenych okolo 40 druhov radiacne
osetrenych potravin'. Rozdiely medzi narodnymi zakonmi,
tykajicimi sa oSetrenia potravin ionizujucim ziarenim
a podmienkami jeho aplikacie, obmedzuju volny pohyb
potravin, mézu vytvorit' nerovnaké konkuren¢né podmien-
ky a tym priamo ovplyviiovat’ fungovanie vnitorného trhu
v Eurdpskom spolocenstve. Vzhl'adom na uvedené skutoc-
nosti Eurépsky parlament a Rada EU prijali ramcovi
smernicu 1999/2/ES? o:
aproximadcii zékonov ¢lenskych Statov tykajucich sa
potravin a potravinovych prisad oSetrenych ionizuja-
cim ziarenim,
ustanoveni zasad spravneho radiacného oSetrenia
potravin do vysky priemernej davky ziarenia 10 kGy,
zasadach kontroly oZarovacieho procesu,
prijati zoznamu potravin v rdmci Eurdpskeho spolo-
Censtva, ktoré mozno oSetrit’ ionizujucim Zziarenim,
a tak zabezpecit’ volny pohyb tovaru na spolo¢nom
trhu.
Vykonéavacou smernicou 1999/3/EC (cit.’) Eurdpske-
ho parlamentu a Rady EU bol ustanoveny poéiato&ny zoz-
nam radiacne oSetrenych potravin a potravinovych prisad
— Community positive list of foodstuffs autorised for irra-
diation — zahffiajlici suSené aromatické byliny, koreniny
a rastlinné prisady oziarené najvyssou priemernou davkou
ziarenia 10 kGy za ucelom dezinsekcie a zniZenia, resp.
eliminacie patogénnych mikroorganizmov. Nasledne od
roku 2000 je v ¢lenskych $tatoch EU povolené radiaéné
oSetrovanie suSenych aromatickych bylin, korenin a rast-
linnych prisad, ako i odbyt a obchodovanie s nimi na spo-
lo¢nom trhu. Zoznam radiacne oSetrenych potravin je prie-
bezne dopifany o d’alsie komodity navrhované ¢lenskymi
statmi EU.
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Co sa tyka vyskumu chemickych zmien a detekénych
metdd na identifikaciu oziarenych potravin, tento je vyso-
ko aktudlny a venuju sa mu vyskumné timy jednotlivych
Staty dali vyhlasenie v smernici 1999/2/ES (cit.”) o podpo-
rovani d’alSieho rozvoja normalizovanych, alebo uz schva-
lenych analytickych metéd, zameranych na overovanie
a dokaz radiacne oSetrenych potravin.

Identifikacii markerov radiacného oziarenia rdéznych
korenin (aniz, bazalka, Skorica, oregano, chilli, ¢ierne ko-
renie, paprika, rozmarin, Salvia) y-ziarenim davkami 5 a 10
kGy bola venovana praca autorov®. Zistilo sa, e y-Ziarenie
indukuje v koreninach tvorbu nenasytenych uhl'ovodikov,
a to alkénov C16;2, C16;1, C17;2, C17;1, ktor}'/ch mnozstvo
rastlo s davkou ziarenia. Najma alkén C,7., sa ukazal ako
dobry indikator aplikacie y-Ziarenia, pretoze jeho obsah
v silici korenin sa menil linedrne s davkou oZiarenia od
5 do 10 kGy. Tvorba nenasytenych uhl'ovodikov ako po-
tencidlnych markerov oSetrenia ionizujucou energiou sa
ukazuje byt’ zvlast’ zaujimava v stvislosti so Stadiom takto
osetrenych orechovin, obsahujtcich vyznamny podiel lipi-
dickej frakcie, o to viac, Ze tieto potravinarske komodity
moézu byt aktualne pre oSetrenie ionizujucim ziarenim
hlavne v désledku pritomnosti mykotoxinov. Prave zastu-
penie mastnych kyselin v lipidickej frakcii orechovin ako
prekurzorov alkénov indikuje ich mozn( pritomnost po
expozicii matrice ionizujucou energiou'> "’

V stvislosti s momentalnym trendom pripravy peké-
renskych vyrobkov v domacich pekarnickach — a to tak
u nas, ako 1 v rdmci Eurdpy — javi sa perspektivne priprava
kompletnych miénych zmesi uréenych pre maloobchod,
vhodnych na domdicu vyrobu chleba a jemného peciva,
ktoré by spliiali atributy potravinovej bezpe&nosti a orga-
noleptickej kvality. Okrem receptur reflektujtcich stravo-
vacie navyky slovenskych konzumentov, je snaha rozsirit
sortiment kompletnych miénych zmesi aj o kategériu
napr. Specialnych druhov chlebovych zmesi s pridavkom
vlasskych orechov, slneCnicovych jadier, sezamovych
semienok.

Vzhl'adom k uvedenym skuto¢nostiam cielom tejto
prace bolo:

Stidium chemickych zmien v lipidickej frakcii vlas-
skych orechov oziarenych y-zZiarenim so zdmerom
charakterizovat’ tieto zmeny spdsobujlice pripadny
pokles ich organoleptickej kvality,

ur¢it’ optimalnu dévku Ziarenia pre eliminaciu pritom-
nej neziaducej mikroflory pri stiéasnom zachovani
organoleptickej kvality orechov,

pokus o identifikaciu markerov oZiarenia v predmet-
nej potravinarskej komodite.
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Experimentilna ¢ast’
Experimentalny material

Vlasské orechy (Juglans regia L.), odroda Jupiter/
Apollo, lapané, 15 kg.

Obsah susiny 96,2 % (stanovené pri 105 °C, pocas
5 h do konstantnej hmotnosti, vysledok je priemerna hod-
nota z troch paralelnych stanovent).

Dodavatel’: sikromny producent (Chorvatsky Grob).

Balenie experiment. vzoriek: orechové jadra boli
navazené do polyetylénovych vreciek so suchym zipsom,
v ochrannej atmosfére N,. Hmotnost’ jednotlivej experi-
ment. vzorky bola 50 g. Po ozarovani boli balicky experi-
ment. vzoriek obalené aluminiovou f6liou na eliminovanie
priepustnosti O, a vzdusnej vlhkosti. Tento spdsob balenia
ma sucasne simulovat’ jednu z moznosti pouzivanych oba-
lovych materialov orechovin v maloobchodnej sieti. Skla-
dovanie experiment. vzoriek: v mraznicke pri —18 °C.

Ozarovanie v komerénych podmienkach

Zdroj ziarenia: y-Ziarenie z Co®, miesto ozarovania:
ARTIM, s.r.o. Praha — CZ, hladiny y-ziarenia: 0 kGy,
0,25 kGy, 0,5 kGy, 1 kGy, 1,5 kGy, 2 kGy, 3 kGy, 4 kGy,
5 kGy pri davkovej rychlosti 2 kGy h™".

Mikrobiologicka analyza

V intenciach poziadaviek Potravinového kodexu sa
pre neosetrenu (kontrolntl) vzorku vlasskych orechov sta-
novil pocet koliformnych baktérii, kvasiniek a plesni
i celkovy pocet mikroorganizmov (CPM) podl'a platnych
noriem: STN EN ISO 4833, STN ISO 4832, STN ISO
7954. Analyzy sa realizovali zriedovacou kultivacnou
metodou podla STN EN ISO 6887-1. Stcasne sa sledoval
vyvoj mikrobiologickej situdcie pocas doby skladovania
(3 mesiace, 6 mesiacov) ako kontrolnej, tak i oziarenych
vzoriek.

Senzoricka analyza

Hodnotitel'sky panel tvorilo 7 posudzovatelov
(4 Zzeny, 3 muzi, priemerny vek 40 rokov). Hodnotilo sa
v 8 kvalitativnych parametroch (deskriptoroch): chut’ —
sladka, horkasta orechova, typicka orechova, typicka tuko-
va, tukova zoxidovana (rybacia), celkova chutnost, vona,
doznievanie aromy v 6-bodovej kvantitativnej skale (0-5).
Pre vyhodnotenie senzorickej analyzy sa vyuzilo Statistic-
ké spracovanie dat metddou kanonickej diskriminacnej
analyzy programom Unistat® (Unistat Ltd., 4 Shirland
Mews, London W9 3DY, England).
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Izolécia lipidickej frakcie vlasskych orechov,
GC analyzy profilu mastnych kyselin

Izolacia lipidickej frakcie viasskych orechov podla Soxhleta

Metdda je kombinaciou bazicky a kyslo katalyzova-
nej esterifikacie. Vzniknuté metylestery mastnych kyselin
sa analyzovali pomocou plynovej chromatografie s vyuzi-
tim plamenovo-ioniza¢ného detektora (GC/FID). Z kazdej
vzorky (0 kGy, 0,25 kGy, 1 kGy, 1,5 kGy, 2 kGy, 3 kGy,
4 kGy, 5 kGy) sa realizovali 2 paralelené izolacie lipidic-
kej frakcie, ktoré sa v d’alSom esterifikovali a chromato-
graficky separovali a analyzovali.

GC/FID analyzy profilu mastnych kyselin

Predmetné stanovenia boli realizované ako akredito-
vané analyzy podl'a §tandardného pracovného postupu SPP
ORG.M.047 GC s medzilaboratérnym porovnanim.

Identifikacia markerov indukovanych oziarenim
v tukovej frakcii vla§skych orechov

Postupovalo sa v intencidch normy STN EN 1784:
Detekcia oziarenych potravin obsahujucich tuk. Metoda je
zaloZenéa na GC detekcii oziarenim vytvorenych uhl'ovodi-
kov.

Izolacia tukovej frakcie z vilasskych orechov (podla pred-
metnej normy, bod 7.3. Extrakcia tuku zo vzoriek syra
aovocia). Z kazdej davky oziarenych orechov sa urobili
2 paralelné izolécie tuku.

Precistenie tuku na kolone s Florisilom

Priprava Florisilu: podl’a uvedenej normy.

Pridavok Standardného roztoku Cyy: po extrakcii sa
zmieSal vzdy 1 g ziskaného tuku s 1 ml roztoku n-eiko-
zénu v hexane (¢ =3 pg ml™).

Kolonova chromatografia s Florisilom: frakcia uhl'o-
vodikov sa ziskala adsorpénou kolénovou chromatografiou
na Florisile. Uhl'ovodiky sa izolovali pouzitim cca 20 g
deaktivovaného Florisilu pre kazdi vzorku. Po naplneni
Florisilom sa koléna zmacala cca 50 ml n-hexanu. Mnoz-
stvo 1 g vyextrahovaného tuku sa kvantitativne prenieslo
do chromatografickej kolony, pridalo sa 3 ml vnitorného
Standardu C,, a uhlovodiky sa vymyvali 60 ml eluentu
s prietokom asi 3 ml min™'. Ziskany eluat sa zakoncentro-
val na 1 ml odfukanim dusikom a pouzil sa na analyzu
plynovou chromatografiou.

Separdcia a detekcia uhlovodikov pomocou GC/MS
Koléna: DB-XLB (30 m x 0.25 mm x 0.5 um), nosny plyn
hélium, ionizacna energia 70 eV
Sposob davkovania: Splitless, 1 pl
Teplotny program: 60 °C (1 min), 10 °C min', 245 °C,
70 °C min™', 320 °C (4.0 min)
Rezim MSD: SIM mod

Z kazdej frakcie uhl'ovodikov sa realizovali 2 GC/MS
analyzy, t.j. 4 analyzy z prisluSnej davky (0 kGy, 0,5 kGy,
1 kGy, 3 kGy, 5 kGy) oziarenych orechov
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Standardné roztoky uhlovodikov (pre vypocet obsahu uh-
lovodikovych markerov oZiarenia)
8-heptadecén 8-17:1
6,9-heptadekadién 6,9-17:2

Z kazdého standardu uhlovodika bolo pripravenych
5 koncentracnych trovni: 1 pg ml™ Cg, 2 ug ml™ Cg, 3 ug ml™
Ce, 4 pg ml™" Cq, 5 ug ml™" Cg, z kazdej koncentragnej trov-
ne sa urobili 3 GC analyzy. Vypocet obsahu uhl'ovodikov
ako markerov radiacného oSetrenia sa vykonal metodou
kalibracnej krivky.

Vysledky a diskusia

Stadium vplyvu davky ionizujiceho Ziarenia
na mikrobiologicku kvalitu vlasskych orechov

Vysledky mikrobiologickej analyzy (tab. I) poukazu-
ju na fakt, Zze experimentdlna vzorka neoSetrenych vlas-
skych orechov bola mikrobiologicky pomerne malo konta-
minovand — celkovy pocet mikroorganizmov (CPM) bol
6,0-10° KTJ g™'. V désledku toho, davka 1,5 kGy az 2 kGy
ionizujliceho ziarenia bola postacujica na eliminovanie
pritomnej bakteridlnej mikroflory v predmetnej vzorke
orechov. Co sa tyka pritomnosti kvasiniek a plesni, na ich
zlikvidovanie bola ucinna hladina 0,5 kGy ionizujuceho
ziarenia. Ukazalo sa, Ze uvedené davky ziarenia su ucinné
pre eliminaciu pritomnej mikrobiologickej zataze mini-
malne pocas 6 mesacnej doby skladovania predmetnej
vzorky vlasskych orechov.

Senzoricka analyza vo vztahu k ozarovaniu

Vysledky senzorickej analyzy realizovanej panelom
hodnotitelov st vizualizované v hviezdicovych diagra-
moch (obr. 1 a 2). Najmi obr. 2 jasne demonstruje vplyv
ionizujuceho Ziarenia na pokles pozitivnych kvalitativnych
senzorickych deskriptorov (celkova chutnost’, sladka chut’,
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sladka

horkasta orechova

celkova chutnost'

typicka orechova

doznievanie arémy typicka tukova

tukova zoxidovana (rybacia)
——0,25 kGy 0,5 kGy
—3kGy ——4kGy

—0 kGy
—2kGy

1,0kGy ——1,5kGy
5 kGy

Obr. 1. Hviezdicovy diagram senzorického hodnotenia vlas-
skych orechov pred a po oZiareni ionizujicim Ziarenim dav-
kami od 0,25 kGy do 5 kGy

typicka orechova chut’, typicka tukova chut, vona) s naras-
tom hladiny oziarenia. Naopak, davka ziarenia vyrazne
zhorSuje deskriptory typu: tukova zoxidovana (rybacia)
chut’, horkasta orechova chut, ktoré si désledkom oxida-
cie tukovej frakcie orechov vplyvom ionizujuceho Ziare-
nia. Na zéklade parametrov kanonickej diskriminacnej
analyzy vyplyva, Zze na diskriminaciu najvyznamnejSie
prispievaju prvé tri diskriminac¢né funkcie (DF), ktoré sa
kumulativne podiel’ajii 96 % na celkovej variabilite dat.
Najvyznamnejsia je prva DF so 77 %, druhd s 12 %
atretia so 7 %. Sucasne, hodnoty vlastného Cisla
(eigenvalue) st pre tieto DF vyznamné a st vécsie ako 1
a hodnoty Wilksovej lambdy pre vSetky DF st blizke hod-
note 0. Podla hodnét Standardizovanych koeficientov na
diskriminéciu v 1. DF najviac prispievaju nasledovné sen-
zorické deskriptory: zoxidovana chut’, celkova chutnost
avona, v 2. DF zoxidovana chut, vona a tukova aréma
av 3. DF horkasta chut’, tukova ardbma a doznievanie arobmy.

Tabulka I
Mikrobiologicka analyza radiacne oSetrenych vlasskych orechov okamzite po oZiareni
Vlassky orech davka CPM Koliformné baktérie Kvasinky a plesne
oZiarenia (KTJ.g") (KTJ.g") (KTJ.g™")
0 kGy 6,0.10° <10 pozit.
0,25 kGy <10 <10 pozit.
0,5 kGy <10 <10 negat.
1 kGy 1,5.10" <10 negat.
1,5 kGy 1,0.10" <10 negat.
2 kGy <10 <10 negat.
3 kGy <10 <10 negat.
4 kGy <10 <10 negat.
5 kGy <10 <10 negat.

*KTJ — koloniotvorna jednotka
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sladka

horkasta orechova

tukova zoxidovana (rybacia)

[—=—0kGy —=—1,0 kKGy —*—5 kGy |

Obr. 2. Hviezdicovy diagram senzorického hodnotenia oZiare-
nych vla§skych orechov vybranymi divkami ionizujiceho
Ziarenia (0 kGy, 1 kGy a 5 kGy)

Podla matice Struktar s DF najlepSie koreluju des-
kriptory charakterizujice zoxidovanu chut, tukova arému
a horkasta chut’. Klasifikacnou procedtrou pri kanonickej
diskrimina¢nej analyze sa dosiahla uspesnost 76,2 % za-
tried'ovania vzoriek podl'a jednotlivych davok oZiarenia (0,
0,25, 0,5, 1, 1,5, 2, 3, 4 a 5 kGy). Krokova diskriminacna
analyza selektovala deskriptory senzorického hodnotenia
podla vyznamnosti vplyvu na diferenciaciu v nasledov-
nom klesajucom poradi: zoxidovand chut, celkové chut-
nost, vona a horkasta chut’. Pri senzorickom hodnoteni
extrahovanych davok oziarenia 0, 1, 2, 3, 4 a 5 kGy sa
dosiahla velmi vysoka uspesnost 95,2 % klasifikacie.
Ziskané vysledky v stinnosti s multivariatnym Statistic-
kym spracovanim dat demonstruj vysoku citlivost’ senzo-
rického hodnotenia oziarenych vlasskych orechov pri
predmetnych Setrnych a stcasne vel'mi blizkych hladinach
radia¢ného oSetrenia na zdklade dobre zostaveného panelu
hodnotitelov (pocet hodnotitel'ov, pohlavie, vek), ako aj
vhodne vybranych deskriptorov, ¢o sa tyka kvalitativnych
i kvantitativnych ukazovatelov.

Posters

zastipenie lipidickej frakcie v pripade analyzovaného kul-
tivaru vlaSskych orechov dosahuje hodnoty v intervale
62,7-65,7% v zavislosti na pouzitej davke ziarenia.
Z tab. II je zrejmé, Ze lipidicka frakcia vla$skych orechov
je tvorena dominantne tromi nenasytenymi mastnymi ky-
selinami (MK), s najvy$$im zastipenim kyseliny linolovej
(58 %), nasledne kyseliny olejovej (19,5 %) a kyseliny
linolénovej (13,2 %). Tieto vysoké hladiny nesaturova-
nych MK mézu mat’ jednak dopad na trvanlivost, resp.
dobu skladovania vlaSskych orechov v porovnani k inym
druhom orechovin, ako aj vyznamny prispevok k charakte-
ristickej aréme vlaskych orechov. Co sa tyka §tadia vply-
vu davky y-ziarenia na obsahy jednotlivych MK, vysledky
v tab. II poukazuju na fakt, ze hodnoty relativneho zasti-
penia nasytenych MK (kyselina palmitova, kyselina stea-
rova) osciluju okolo hodndt nameranych v neoziarenej
vzorke orechov, a teda s rastiicou hladinou Ziarenia nie je
pozorovany zrejmy trend v naraste ¢i poklese, ¢o poukazu-
je na relativnu stabilitu saturovanych MK.

Co sa tyka relativneho zastipenia nenasytenej MK
s jednou dvojitou védzbou (kyselina olejova), s aplikovanou
davkou ziarenia narasta jej relativny obsah rd6znou mierou,
nie propor¢ne. Naopak, so zvySujiucou sa hladinou oziare-
nia je jasny trend v poklese obsahu kyseliny linolovej
a kyseliny linolénovej, ktoré st charakteristické vysokou
mierou nenasytenosti (pritomnost’ dvoch, resp. troch dvoji-
tych viézieb).

Identifik4cia markerov indukovanych oZiarenim
v tukovej frakcii vlasskych orechov

Vysledky identifikacie a kvantifikdcia nenasytenych
uhlovodikov ako markerov radia¢ného oSetrenia vlaSskych
orechov, ziskané z GC/MS analyz realizovanych

Tabul’ka III
Kvantifikacia markerov radia¢ného oSetrenia vlasskych
orechov (vysledky st uvedené v ug g~ tuku)

Davka Ziarenia
Izolacia lipidickej frakcie vlasskych orechov, Marker oZiarenia | 0,5 kGy | 1 kGy | 3 kGy | 5 kGy
GC analyzy profilu mastnych kyselin 6,9-heptadekadién | 0,22 09 |3,64 |703
trans-8-heptadecén | 1,50 1,18 1,93 3,91

Sumarizacia vysledkov je uvedena v tab. II. Relativne cis-8-heptadecén | 0,30 022 ]021 026
Tabulka II
GC/FID analyzy profilu mastnych kyselin vlasskych orechov

Relativne zastipenie (%)

Mastna kyselina 0 kGy 0,25kGy | 0,5 kGy 1 kGy 1,5 kGy 2 kGy 3 kGy 4 kGy 5 kGy
K. a-linolénova 18:3 13,2 13,0 12,0 12,2 11,9 12,1 12,1 11,9 11,8
K. linolova 18:2 58,0 57,8 57,0 56,3 57,7 56,1 57,2 56,7 56,2
K. olejova 18:1 19,5 20,1 22,2 22,2 21,2 22,6 214 21,9 21,7
K. palmitova 16:0 6,8 6,7 6,5 6,6 6,8 6,8 6,8 7,0 6,8
K. stearova 18:0 2,5 2,4 2,4 2,6 2,4 2,5 2,5 2,5 2,5
Tuk | 646 | 631 | 657 | 648 | 627 | 650 | 634 | 654 | 650
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Obr. 3. GC/MS analyza markerov radia¢ného oSetrenia

2 mesiace po oziareni, st uvedené v tab. III.

Detekcia oZiarenych vlasskych orechov sa overovala
pre davky 0,5 kGy a vyssie, ¢im sa pokryvaji komercné
aplikacie pre tato komoditu. Z vysledkov je zrejmé, ze
kvantita 6,9-heptadekadiénu s narastajucou hladinou ioni-
zujlceho Ziarenia sa evidentne zvysuje. Co sa tyka poloho-
vych izomérov 8-heptadecénu, tento trend sa nepozoroval.
Vyznamné vsak je, Zze uz hladina 0,5 kGy je z hladiska
detekcie radiacného oSetrenia pomocou tejto metddy preu-
kazateI'na (obr. 3).

Zaver

Studovany bol vplyv roznych hladin ionizujiceho
ziarenia v intervale 0-5 kGy jednak na redukciu, resp.
elimindciu pritomnej mikrobidlnej mikroflory, ako i na
zlozky lipidickej frakcie Iupanych vlasskych orechov
s vyuzitim metdd plynovej chromatografie (GC/FID, GC/
MS). Z mikrobiologickych analyz danej vzorky orechov
vyplynulo, ze davka 1,5 kGy az 2 kGy ionizujliceho Ziare-
nia je postacujica na eliminovanie pritomnej bakterialnej
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mikroflory (CPM = 6,0-10* KTJ g"). Co sa tyka pritom-
nosti kvasiniek a plesni, na ich zlikvidovanie bola G€inna
hladina 0,5 kGy ionizujiceho Ziarenia. S aplikovanou dav-
kou ziarenia boli pozorované vyznamné zmeny v relativ-
nom zastupeni niektorych mastnych kyselin, najma kyseli-
ny linolovej a kyseliny linolénovej. Pozornost’ sa venovala
aj identifikacii markerov radia¢ného osetrenia vlasskych
orechov (Specifické nenasytené uhlovodiky) pomocou
metdod GC. Ukazalo sa, ze uz hladina 0,5 kGy ionizujuce-
ho ziarenia je z hladiska detekcie radiacného oSetrenia
preukazatelna. Vyznamna Cast’ prace sa venovala senzo-
rickej analyze so Statistickym vyhodnotenim. Pri senzoric-
kom hodnoteni extrahovanych davok oziarenia 0, 1, 2, 3, 4
a 5 kGy sa dosiahla veI'mi vysoka tspesnost’ 95,2 % klasi-
fikacie. Ziskané vysledky v sucinnosti s multivariatnym
Statistickym spracovanim dat demonstruju vysoku citlivost’
senzorického hodnotenia oziarenych vlasskych orechov pri
predmetnych Setrnych a sticasne vel'mi blizkych hladinach
radia¢ného oSetrenia na zaklade dobre zostaveného panelu
hodnotitel'ov (pocet hodnotitel'ov, pohlavie, vek), ako aj
vhodne vybranych deskriptorov, ¢o sa tyka kvalitativnych
i kvantitativnych ukazovatel'ov.
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Tato praca bola riesena v ramci projektu VMSP — P—
0089-09 podporovaného agenturou APVV a projektu
,, Vybudovanie HiTech centra pre vyskum vzniku, elimina-
cie a hodnotenia pritomnosti kontaminantov v potravi-
nach®, na zaklade podpory operacného programu Vyskum
a vyvoj financovaného z Eurdpskeho fondu regiondlneho
rozvoja.
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Abstract

Microbiological quality, sensory and chemical
changes of lipid fractions of y-irradiated walnuts (Juglans
regia L.) were evaluated using microbiological analysis,
sensory evaluation, methods of gas chromatography/mass
spectrometry (GC/MS) and gas chromatography with
flame-ionising detector (GC/FID). Doses of y-irradiation
were set in interval 0.5-5kGy, whereas 10 kGy level
represents the highest permitted dose for food applications.
Microbiological analysis proved that y-irradiation was an
effective sterilisation tool which eliminated present micro-
organisms and coliform bacteria from initial count 6.0-102
CFU g™ already by 1.5 kGy dose. Dose of only 0.5 kGy
was sufficiently effective for killing of present moulds.
Quoted levels of ionising radiation were adequate for
elimination of microbiological load during 6 months stor-
age minimally. Organoleptic properties of irradiated wal-
nuts were only slightly influenced at dose of 2 kGy. The
higher irradiation levels affected organoleptic status of
studied walnuts negatively. Significant changes in relative
content of some fatty acids, mainly linoleic and linolenic
acid were observed by influence of ionising radiation.
Unsaturated hydrocarbons such as 6,9-heptadecadiene,
trans- and cis-8-heptadecenes, determined by GC/MS
proved to be suitable markers of y-irradiation capable of
detection already of 0.5 kGy dose application.
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TROJROZMERNE FLUORESCENCNE SPEKTRA LIEHOVIN AROMATIZOVANYCH
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Uvod

Liehoviny aromatizované borievkami st liehoviny,
ktoré sa vyrabaju na Slovensku aromatizovanim lichu,
obilného destilatu, alebo obilného brandy latkami ziskany-
mi z bobul’ borievky cédrovitej (Juniperus oxycedrus), do
ktorych mozno pridavat’ prirodné vonné a chutové latky;
vona a chut’ borievok musi byt rozliSiteI'na; takto vyrobe-
nu lichovinu moZno nazvat’ borovigka'. V Eurdpskej unii
st v tejto kategorii chranené znaCky SpiSskd borovicka,
Slovenska borovicka Juniperus, Slovenska borovicka,
Inovecka borovicka a Liptovska borovicka®. Senzorické
vlastnosti aromatizovanych napojov shvisia s pritom-
nostou roéznych prchavych asemiprchavych zloziek
v plodoch borievky azavisia od mnohych faktorov
(botanicky druh borievky, lieh, geograficka poloha, vyrob-
ny postup).

V literatire mozno najst’ rézne vysledky stanoveni
prchavych/semiprchavych zloziek v plodoch, ihlici a dreve
borievky, avSak analyze maélo prchavych aromatickych
zIiCenin sa venuje mala pozornost. Len nedavno bola
publikovana prva komplexnejsSia praca o stanoveni flavo-
noidov a biflavonoidov v plodoch borievky metodou
HPLC’. Analyzou ihli¢ia borievky sa zistilo, e obsahuje
tokoferol®; v dreve borievky sa nachadza napr. naringenin
a aromadendrin’. Mnohé z tychto zloziek mdzu prispievat
k fluorescencii destilatov aromatizovanych borievkami.
Dalgie zaujimavé fluorofory st kumariny®, aj ked kvantita-
tivne udaje nie su v literature dostupné.

Z borievkovych destilatov je vo svete najrozsirene;jsi
gin. V literatire st dostupné informacie o stanovené
prchavych/semiprchavych zloziek v éterickom oleji pouzi-
vanom na vyrobu ginu metédou GC-GC/MS’, avsak analy-
za menej prchavych zlicenin je zriedkava. V neddvno
publikovanej praci autori® metédou GC-MS identifikovali
a stanovili v gine rozne diterpenoidy a ukazali, ze hierar-
chickd klastrova analyza umoziiuje rozliSit’ r6zne znacky
ginu.

Cielom tejto prace bolo Stidium moZznosti vyuZitia
trojrozmernej fluorescencnej spektrometrie v kombinacii
s metodou PARAFAC (Parallel Factor Analysis)9 na cha-
rakterizaciu a klasifikaciu boroviciek slovenskych vyrob-
cov. Trojrozmerné fluorescencné spektra sa ziskali postup-
nym meranim emisnych spektier pri réznych excitaénych
vinovych dizkach.
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Experimentalna cast’
Pristroje a zariadenia

Na meranie fluorescencnych spektier sa pouzil Per-
kin-Elmer LS 50 Luminescence spectrometer s Xe lam-
pou. Spectrometer LS 50 bol spojeny s pocitacom; na zber
udajov a nasledné spracovanie spektier sa pouzil FL Data
Manager Software (Perkin-Elmer). Merali sa emisné fluo-
rescencné spektra vzoriek destilatov v 1x1 cm kremennej
kyvete vrozsahu vlnovych dizok 250-550 nm, pri¢om
excitatna vinova dizka sa nastavovala od 200 do 450 nm s
krokom 5 nm. Ziskalo sa 51 emisnych spektier. Sirka exci-
tacnej a emisnej Strbiny monochromatora bola 2,5 nm,

rychlost’ skenovania bola 200 nm min ™.

Vzorky destilatov

Merali sa fluorescencné spektra 44 vzoriek destilatov
slovenskych producentov zakupenych v maloobchodnej
sieti v SR (napr. Prava Zbojnicka borovi¢ka Original (St.
Nicolaus) obsahujuca bobule borievky, Liptovium boro-
vicka (St. Nicolaus), Borovicka Slovenska (St. Nicolaus),
Borovicka Inovecka (St. Nicolaus), Slovenska borovicka
Juniperus (Old Herold), Slovenskéa borovicka Koniferum
(Old Herold), Borovicka Slovenska (Old Herold), Original
Slovak Juniper brandy (Imperator), Spisska borovicka
(Frucon Trade KoSice), Original Spi§ borovicka (GAS
Familia) obsahujuca vetvicku borievky, Original Spisska
borovicka (GAS Familia) obsahovala bobule borievky.

PARAFAC

Z nameranych spektier sa pre kazdu vzorku vytvorila
excitacno-emisna datova matica (EEM). Stbor matic sa
upravil a spracoval programami Microsoft Office Excel
2003, Statistica version 7.0 (StatSoft, USA, 2004), MAT-
LAB version 7.0 (The MathWorks Inc., USA, 2005) a The
N-way toolbox for MATLAB'® metodou PARAFAC.

PARAFAC je zovSeobecnend metdda hlavnych kom-
ponentov (PCA, principal component analysis) pre N-
rozmerné data, Casto vyuzivana na modelovanie fluores-
cenénych excita¢no-emisnych dat. Podrobny opis metody,
typ dat vhodnych pre PARAFAC, ako aj vyuzitie metody
v chemometrii mozno najst’ v praci’, ktori publikoval Bro
v r. 1997. Rézne d’alsie informacie, modelové data, ako aj
volne dostupné programy, st napr. na stranke http:/
www.models.life.ku.dk/source/nwaytoolbox. Tu len vel'mi
strucne uvedieme princip modelu PARAFAC a vysledky,
ktoré mozno jeho rieSenim ziskat'.

Ak sa vo vzorke nachidza F fluoroforov f; intenzita
fluorescencie xj pri emisnej vlnovej dizke j a excitaénej
vinovej dizke & je:
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F
X = Zafbjfckf
=

kde ar je koncentracia fluoroforu f, by je relativna emisia
fluoroforu f pri emisnej vinovej dlzke j a c¢yr je relativna
absorpcia fluoroforu f pri excitatnej vinovej dizke k. Pre
viac vzoriek je intenzita fluorescencie vzorky i pri emisnej
vinovej dizke j a excitatnej vinovej dizke k:

F
Xik = Zail‘bjfckl‘
f=1

kde xji je intenzita fluorescencie vzorky i pri emisnej vI-
novej dizke ; a excitaénej vinovej dizke & a a;¢ je koncen-
tracia fluoroforu f vo vzorke i. Model PARAFAC ma po-
tom tvar:

F
Xy =D aybycy ey
=

kde ejjx predstavuje zostavajuci Sum (podobne ako matica
rezidui — odchylok — v PCA) a vypocita sa minimalizova-
nim sumy $tvorcov odchylok ej. Vysledkom rieSenia st
relativne koncentracie (sample scores, loadings) a spektral-
ne profily — excitacné a emisné spektrum (spectral loa-
dings — excitation/emission loadings) fluoroforov (factors,
components) vo vzorkach’. V PCA je obvyklé oznagenie
skore komponentov  (scores) avahy komponentov
(loadings). Pre PARAFAC by preklad mohol byt: sample
scores — skore komponentov a excitation/emission loa-
dings — véhy excita¢nych/emisnych komponentov.

Vysledky a diskusia
Fluorescen¢nd spektrometria

Na obr. 1 st uvedené fluorescencné spektra troch
vzoriek boroviciek vo forme vrstevnicovych spektralnych
map — stiradnicovad poloha na mape je kvalitativnou cha-
rakteristikou fluoroforu (Aex @ Aeym) @ vrstevnice spajajuce
body s rovnakou intenzitou fluorescencie obsahuju kvanti-
tativnu informaciu. Spektra tychto troch vzoriek dobre
reprezentuju celu sériu boroviciek — prva vzorka je ,,Cista“
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borovicka, druha borovicka obsahovala vetvicku a v tretej
vzorke sa nachadzali bobule borievky.

Vsetky vzorky vykazuji fluorescenciu v intervale
emisnych vlnovych dizok 310-380 nm pri excitacii
v intervale 230-300 nm. Jednotlivé borovicky sa odliSuju
nielen polohou maxim fluorescenénych pasov, ale hlavne
intenzitou fluorescencie v tejto oblasti. Pre niektoré boro-
vi€ky sa namerali dva pomerne malo intenzivne pésy pri
excitacii v oblasti 220-240 nm a 270-300 nm a jeden
emisny pas okolo 320-380 nm. V nedavno publikovanej
praci autori identifikovali v gine rézne diterpenoidy®; nie-
ktoré znich, napr. totarol, mézu byt zdrojom uvedenej
fluorescencie''. Pre vzorky obsahujuce vetvicku borievky
sa pri excitacii v intervale 350—400 nm pozorovala fluores-
cencia v oblasti 440480 nm (obr. 1b). Podobnt, len me-
nej intenzivnu fluorescenciu, mozno pozorovat aj pre
vzorky obsahujice bobule borievky (obr. 1c), a jej zdro-
jom moézu byt kumariny, amentoflavon, naringenin,
chlorofyl>*'*" a iné zlozky.

Z vizualneho porovnania spektier vsetkych vzoriek
vyplynulo, Ze rozdiely medzi réznymi borovickami st
hlavne v oblasti péasov s excitaciou okolo 230-300 nm
a emisiou v intervale 310450 nm. Na zaklade tohto vy-
sledku sa redukovali povodné excitacno-emisné datové
matice ana dalSie spracovanic modelom PARAFAC sa
pouzili hodnoty namerané v intervale excitacnych vlno-
vych dizok 230-300 nm (podet A bol 15) aintervale
emisnych vinovych dizok 310450 nm (po&et Aoy bol zre-
dukovany na 41). Takto urcené intervaly (Aex < Aem) neob-
sahuji pasy prisluchajice Rayleighovmu rozptylu, co
umoziiuje priame modelovanie EEM metédou PARAFAC.

PARAFAC

PARAFAC model sa rieSil pre EEM namerané
v intervale Ag =230-300 nm a Ao, = 310450 nm. Pre kaz-
du vzorku sa vytvorila EEM rozmerov 41 x 15 (pocet Aepm
x pocet Ae) aztychto matic sa potom vytvorilo pole
s rozmermi 44 x 41 x 15 (pocet vzoriek x pocet Ap, X pocet
Aex)- Model sa pocital pre rozny pocet faktorov a s ohrani-
¢enim skore a vah spektralnych komponentov na kladné
hodnoty’, ked’ze fluorescenéné spektra a koncentracie st

em’

nm

Obr. 1. Fluorescen¢na vrstevnicova mapa boroviciek; a) Liptovium borovicka (St. Nicolaus), b) Original Spi§ borovicka (GAS Fami-
lia) (obsahuje vetvicku), ¢) Original Spisska borovicka (GAS Familia) (obsahuje bobule)
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kladné cisla. Pocet faktorov sa vybral na zéklade analyzy
rezidui a analyzy dat rozdelenych na dve Casti. Zékladnou
charakteristikou PARAFAC modelu je, ze poskytuje jedi-
necné rieSenie. Ak sa teda vyberie spravny pocet faktorov,
ziskaju sa rovnaké vysledky — rovnaké hodnoty vah — pre
cely subor dat, aj jeho &asti’. Vysledky ukézali, ze trojfak-
torovy model je optimalny. To znamen4, Ze zdrojom fluo-
rescencie analyzovanych boroviciek su tri rézne fluorofo-
ry. Model opisuje 99,6 % celkovej variability, pricom va-
riabilita opisovana jednotlivymi faktormi postupne klesa
od faktoru 1 k faktoru 3. Relativne vysoké hodnoty rezidu-
alnych chyb sa pozorovali pri nizkych hodnotach excitac-
nej vinovej dizky (Aex <240 nm), ¢o sice neznehodnocuje
model ako taky, ale poukazuje na problémy spdsobené
rozptylom Ziarenia pri nizkych vlnovych dizkach. Vysled-
ky z modelu PARAFAC st uvedené na obr. 2 a obr. 3.
Obr. 2 znazorfiuje hodnoty skore (sample loadings)
jednotlivych faktorov réznych vzoriek vynesené navza-
jom proti sebe. Tento obrazok ukazuje moznosti modelu
PARAFAC v Kklasifikacii slovenskych boroviciek. Hodno-
ty skore > 0,5 poskytuju produkty oznacené vyrobcom ako

Sample loadings

Factor 3

0.4

0.1

Factor 3

Obr. 2. Sample loadings jednotlivych faktorov modelu PARA-
FAC pre vzorky borovi¢iek; F - Frucon, GF - GAS Familia,
SN - St. Nicolaus, IM - Imperator, OH - Old Herold, v - vetvicka,
b - bobule borievky
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Original; model umoziuje klasifikovat' tieto produkty
podla vyrobcov arozlisit' borovicky obsahujuce bobule
alebo vetvicku borievky. Ostatna vyrobky poskytuji malé
hodnoty skore; klasifikdcia v tejto skupine vyrobkov s
pouzitim zvolenych experimentalnych podmienok, mozna
nie je. Lepsie rozliSenie vzoriek si vyzaduje namerat’ spek-
tra pri véacSej Sirke excitacnej/emisnej Strbiny.

Na obr. 3a—c su vahy excita¢nych a emisnych kom-
ponentov pre jednotlivé faktory znazornené ako spektra.
Faktor 1 (obr. 3a) ma excitatné maximum okolo 260 nm
a emisné maximum okolo 337 nm. teda v oblasti charakte-
ristickej pre fenyl derivaty; napr. excitatné a emisné spek-
trum totarolu v etanole'' ma pasy v intervale 250-310 nm
a310-360 nm. Emisny profil faktora 1 je omnoho vyssi
v porovnani so zvySnymi dvoma. Na obr. 3b je pre faktor 2
vidno excita¢né maximum okolo 235 nm a menej intenziv-
ne maximum okolo 285 nm, pricom emisné maximum je
okolo 345 nm. Faktor 3 (obr. 3¢) ma excitatné maximum

Factor 1
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Obr. 3. (a-c) Spectral loadings pre tri faktory modelu PARA-
FAC; excitacia - - -, emisia—
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okolo 290 nm a emisné maximum okolo 341 nm. Faktory
2 a 3 st pravdepodobne dalsie (bi)fenyl derivaty"’.

Zaver

Vyuzitie  viacrozmerného modelu PARAFAC
v kombinécii s fluorescencnou spektrometriou sa ukazuje
ako progresivny spOsob charakterizacie a klasifikacie slo-
venskych boroviciek. Na zaklade uvedenych vysledkov sa
zaCala vytvarat kniznica excitacno-emisnych spektier
v intervale excitaénych vlnovych dizok 230-300 nm
a intervale emisnych vinovych dizok 310 — 450 nm nielen
pre sirku Strbiny 2,5 nm, ale aj pre Strbinu 5,0 nm, ktora
pravdepodobne umozni podrobnejsiu chemometricka ana-
Iyzu nameranych dat.

Praca vznikla vdaka financnej podpore EHP financ-
neho mechanizmu SAV-EHP-2008-02-05.
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STANOVENIE FORIEM Hg V KRVI SYSTEMOM GC-ICP-MS

RASTISLAV SERBIN, MONIKA
URSINYOVA, IVETA qHNAKOVA
a ZUZANA HUSEKOVA

Slovenska zdravotnicka univerzita v Bratislave, Limbovad
12, 833 03 Bratislava, Slovenska republika
monika.ursinyova@szu.sk

Stanovovanie $pécii ortuti vo vzorkach pre biomedi-
cinske Stidie a v klinickych vzorkach vzhl'adom na ich
roznu  toxicitu (Hg®® < C,HsHg" < CH;Hg"
< CH3;HgCHs......), fyzikalno-chemické vlastnosti ako aj
ich r6zny metabolizmus odburavania je kl'i€ové z hladi-
ska hodnotenia zdravotnych rizik. Avsak aj napriek tomuto
faktu je v literature publikovanych velmi mélo analytic-
kych technik pre tento ucel, co ma za nasledok, ze aj
v praxi realizované Stidie sa zakladaju len na vysledkoch
7o stanovenia celkovej ortuti.

Praca popisuje metodiku s jednoduchou prediipravou
vzorky pre stanovenie obsahu MeHg" v krvi &loveka pou-
zitim plynovej chromatografie spriahnutej s hmotnostnym
spektrometrom s indukéne viazanou plazmou (GC-ICP-
MS) na pristrojoch Thermo Trace GC Ultra a Thermo ICP-
MS X Series 2. Pred stanovenim $pécii Hg optimalizova-
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nou metodikou bol celkovy obsah Hg vo vzorkach stano-
vovany amalgamacnou technikou na pristroji AMA 254.

Samotnd Gprava vzorky vendznej krvi pred stanove-
nim $pécii Hg bola zalozena na extrakcii so zmesou 6M
HCI s NaCl, uprave pH extraktu a naslednej derivatizacii
s NaB(Ph), so sticasnou extrakciou produktov do hexanu.

Pre GC separaciu Spécii ortuti bola pouzitd kolona
TR-5; 7 m; 0,32 mm I. D.; 0,25 pm vrstva. Nosnym ply-
nom bolo hélium. Extrakt bol davkovany na ,,on column*
injektor. Detekcia s ICP-MS  bola uskuto¢iovana
v Standardnom moéde. Experimentalne podmienky separa-
cie ako aj detekcie boli optimalizované pomocou Standard-
nych roztokov a modelovych vzoriek so Standardnymi
pridavkami. Detekény limit systému a optimalizovanej
metédy pre MeHg" bol vypogitany ako 3 x S, nameraného
Sumu 10 slepych pokusov a predstavuje koncentracie na
urovniach 2 a 140 ppt (ako Hg). Pracovny objem vzorky
pre opakované stanovenie je vrozmedzi 150-500 pl
v z4vislosti od celkovej koncentracie Hg v krvi. Metodika
bola overena na stanoveni MeHg" v certifikovanom refe-
ren¢nom materiali SRM NIST 966 Level 2.

Stidia bola plne financovand z financného mechaniz-
mu EHP, norskeho financného mechanizmu a zo Statneho
rozpoctu SR, projekt SK0020.
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STANOVENIE Cd, Hg a Pb V KRVI PRE HODNOTENIE PRENATALNEJ

A POSTNATALNEJ EXPOZICIE U DETI

MONIKA URSINYOVA, IVETA
UHNAKOVA, ZUZANA HUSEKOVA,
RASTISLAYV SERBIN a LADISLAVA
WSOLOVA

Slovenska zdravotnicka univerzita v Bratislave, Limbovad
12, 833 03 Bratislava, Slovenska republika
monika.ursinyova@szu.sk

Stanovenie toxickych chemickych prvkov
v huménnej medicine je vyznamné aj z hl'adiska ich poten-
cialu ako endokrinnych disruptorov uz pri expozicii orga-
nizmu subtoxickym koncentracidm. Stanovenie koncentra-
cii toxickych prvkov anasledné hodnotenie zdravotnych
rizik kladie naroky na spolahlivost’ pouzitych analytickych
metod. Tato Stadia bola zamerana na hodnotenie expozicie
uroénych deti vybranym prvkom (Pb, Cd aHg)
v prenatalnom a postnatdlnom obdobi vyvoja a na hodno-
tenie dopadov expozicie na ich zdravotny stav (sekrécia
hormoénov Stitnej zl'azy). Vzhl'adom na obmedzeny objem
vzorky bola optimalizovand metdda stanovenia kovov
priamo zo vzorky bez predchadzajticej mineralizacie. Sta-
novenie chemickych prvkov bolo realizované metodou
AAS-bezplamenovou technikou pre Pb aCd aamal-
gamacnou technikou pre celkovia Hg. Spolahlivost’ stano-
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veni bola overovand pouzitim certifikovaného referencné-
ho materialu (SeronormTM , Whole blood -Level 1, Nor-
way) a uspeSnou UCastou v externej kontrole kvality
vramci medzilaboratornych  porovnavacich testoch
(SEKK, CR). Stanovenie hladin horménov $titnej zl'azy
bolo realizované elektrochemiluminiscenénou analyzou
systémom FElecsys (Roche, Switzerland) v akreditovanom
klinickom laboratoriu.

Pouzit¢ metddy stanovenia vybranych chemickych
prvkov preukazali vhodnost’ pre aplikaciu pri hodnoteni
zdravotnych rizik z expozicie subtoxickym koncentraciam
ako aj v biochemickej praxi. Statistické hodnotenie vysled-
kov stadie (softvér SPSS, verzia 15.0) preukazalo: korela-
ciu medzi environmentalnou expoziciou matky a jej dieta-
ta uolova (r = 0,790, P<0,001) a ortuti (r = 0,771,
P <0,001) kvantifikovanou stanovenim prislusného prv-
ku v krvi matky a pupocnikovej krvi; znizenie hladin
TSH dietata vplyvom zvySenej expozicie matky olovu
(r=-0,293, P<0,05) a kadmiu (r = —0,203, nie vSak na
Statisticky vyznamnej hladine) a vplyvom zvySenej expo-
zicie dietat’a ortuti (r = — 0,263, P < 0,05).

Tato studia bola realizovana s financnou podporou
MZ SR ( 2005/41-SZU-19) a Centra excelentnosti SAV
(CENDO,).
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VPLYV KRMIVA OBOHATENEHO O CANOVE SEMENO A KLINCEK NA PROFIL
MASTNYCH KYSELIN HYDINOVEHO MASA

LADISLAV STARUCH?, MILAN
CERTIK?, ZUZANA ADAMECHOVA®,
SLAVOMIR MARCINCAK" a IVANA
POUSTKOVA®

“Ustav biotechnoldgie a potravindrstva, Fakulta chemic-
kej a potravindrskej biotechnologie, Slovenska technickd
univerzita v Bratislave, Radlinského 9, 812 37 Bratislava,
b Katedra hygieny a technolégie potravin Univerzita vete-
rindrskeho lekarstva v KoSiciach,, Komenského 73 041 81
Kosice, Slovenska republika, © Katedra kvality zemédél-
skych produktii, Fakulta agrobiologie, potravinovych

a prirodnich  zdrojii, Ceskd — zemédélskd  univerzita
v Praze, Kamycka 129, 165 21 Praha 6 — Suchdol, Ceskd
republika

ladislav.staruch@stuba.sk

Uvod

Spotreba hydinového mésa v uplynulych desatro-
¢iach vyznamne vzrastla, a to ako celosvetovo, tak aj Slo-
venskej republike. Jeho spotreba presahuje cca 30 %
z celkovej spotreby misa. Produkcia mdsa je relativne
nenarocnd, a jato¢na zrelost’ sa dosahuje v priebehu nie-
kolkych tyzdiiov. Méso hydiny je rovnako ako méso inych
zivocisnych druhov bohatym zdrojom esencialnych nut-
rientov (zZivin). Ako sucast’ potravy prispieva méso pod-
statnym spdsobom na saturovani organizmu zivinami.
Miso a mdsové vyrobky st dobrym zdrojom bielkovin,
lipidov, mineralnych latok a vitaminov'. Lipidy predstavu-
ju pre konzumenta vysoko koncentrovany zdroj energie.
Hydinové méso obsahuje vyssi podiel nenasytenych mast-
nych kyselin, ktoré nie sit povaZzované za cholesterolemic-
ké, nema z hl'adiska zloZenia tukov tak nebezpecny cha-
rakter, ako sa povodne uvazovalo vo vztahu k cievnym
ochoreniam. Prace viacerych autorov poukazuji na tzku
korelaciu medzi obsahom mastnych kyselin v krmive
anaslednym chemickym zloZenim lipidickej frakcie hydi-
nového mdsa. V prispevku bude analyzovany vplyv pri-
davku Tanového semend a klinCeka na profil mastnych
kyselin®.

Experimentalna ¢ast’

Brojlerové kurcata plemena ROSS 308 boli rozdelené
do 3 skupin a od 25. dia vykrmu boli kimené nasledovne:

Oznacenie
K — kontrola, komeréna KZ HYD 04 a 02. KZ — (kfmna
zmes)
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KL5 — kurcatd kfmené KZ HYD 04 a02 spridavkom
klin¢eka 2% a 'anového semena, v davke 5 %
KL7 — kur¢atd kfmené KZ HYD 04 a 02 spridavkom
klin¢eka 2% a 'anového semena, v davke 7 %.

Vzorky na analyzu boli odoberané v41. den vykrmu.
Lipidick4 zlozka bola izolovana z kuracich pfs a stehien.

Priprava transesterifikacného ¢inidla

V zmesi 30 ml metanolu a 20 ml benzénu sa rozpusti 7,5
mg fenolftaleinu a 1,15 g kovového sodika, priCom vnzika
roztok metanolatu sodného v benzéne s koncentraciou asi
1 mol dm™.

Priprava metanolickej HCI

K 60 ml koncentrovanej H,SO, sa opatrne prikvapkava
30 ml koncentrovanej kyseliny chlorovodikovej a vznikajuci
plynny HCI sa zavadza do predlohy so 60 ml metanolu.
Vznikne asi 13 % metanolicky roztok HCI.

Izolécia lipidov a priprava metylesterov mastnych
kyselin

Lipidy z kuracieho mésa boli izolované zmesou
chlorofom/metanol (2:1, v/v) podla metody Certik a spol.'.
Vyizolovany lipid (cca 10-20 mg) sa rozpusti v 0.8 ml zmesi
hexan/chloroform (9:1). Nasledne sa prida po 0.1 ml transes-
terifikacného Cinidla, dokladne premiesa na vortexe a necha
20 min stat. Potom sa prida 0.2-0.4 ml metanolickej HCI,
dokladne premiesa na vortexe a centrifuguje (5000 otacok/
min, 5 min). Pripravené metylestery mastnych kyselin nacha-
dzajuce sa vo vrchnej hexanovej vrstve sa odobert na analyzu
plynovou chromatografiou’.

Analyza metylesterov mastnych kyselin plynovou
chromatografiou

Metylestery mastnych kyselin boli merané plynovou
chromatografiou pristrojom GC-6890 N (Agilent Technolo-
gies)’. Do  kolony DB-23 (50%-kyanopropyl-
metylpolysiloxan, dizka 60 m, priemer 0,25 mm, hribka fil-
mu 0,25 pm) sa automaticky nastrekovalo 1 pl vzorky mety-
lesterov mastnych kyselin, ktoré boli analyzované pri nasle-
dovnych podmienkach: nosny plyn — vodik (44 cms™ pri
130 °C), teplota nastreku — 220 °C, split — 1:50, FID detektor
(250°C, prietok vodika: 30mlmin™, prietok kyslika:
500 ml min™"), teplotny rezim: 130 °C — 1 min, 130~170 °C —
6,5°C min"', 170-215°C — 2,7°C min"!, 215°C — 7 min,
220-240 °C — 20 °C min', 240 °C — 2 min). Zaznamy boli
vyhodnotené pomocou ChemStation B0103 (Agilent Techno-
logies) a kvantifikované na zéklade retencnych Casov zna-
mych Standardov mastnych kyselin C4 — C24 (Sigma, USA).
Index nenasytenia mastnych kyselin (IU) bol kalkulovany
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podra vzorca’:
IU = [1(Z% mononenas.MK) + 2(X2% dinenas.MK) + 3
(2% trinenas.MK) + ... ]/100.

Vysledky a diskusia
Celkovo bol analyzovany profil mastnych kyselin

v celkovych lipidoch zo 6 vzoriek kuracicho mésa, z toho
3 kuracich pfs a3 kuracich stehien. Tabulka I a obr. 1
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kych vzorkach boli kyselina palmitova (C16:0; 20.6—
23.5 %), palmitolejova (C16:1-9c; 4.1-6.9 %), stearova
(C18:0; 5.2-6.0 %), olejova (C18:1-9c; 35.5-40.6 %)
alinolova (C18:2-9,12¢; 16.4-21.1 %). Ako minoritné
mastné kyseliny boli detegované kyselina cis-vakcénova
(C18:1-11¢; 2.2-3.2 %), a-linolénova (C18:3-9,12,15c;
1.4-4.8 %) a arachidonova (C20:4-5,8,11,14c; 0.3—-1.3 %).
Kuracie misa obsahovali aj malé mnoZstva esencidlnych
mastnych kyselin, ako kyselina y-linolénova (C18:3-
6,9,12¢), dihomo-y-linolénova (C20:3-8,11,14c), eikoza-

ukazuju, ze dominantnymi mastnymi kyselinami vo vSet- pentaénova  (C20:5-5,8,11,14,17¢c),  dokozapenténova
(C22:6-7,10,13,16,19c)  a dokozahexaénova  (C22:6-
Tabulka I
Profil mastnych kyselin vo vzorkéch kuraciecho méisa
Mastné kyseliny Vzorka kuracieho mésa
[%, w/w] kontrola kontrola KL5 KL5 KL7 KL7
prsia stehno prsia stehno prsia stehno
C 10:0 0.02 0.00 0.01 0.00 0.01 0.01
C12:0 0.02 0.02 0.02 0.02 0.02 0.02
C 14:0 0.49 0.46 0.45 0.43 0.50 0.49
C 14:1 0.14 0.15 0.10 0.14 0.16 0.14
C15:0 0.07 0.07 0.08 0.07 0.06 0.08
C 15:1-10c 0.14 0.14 0.45 0.06 0.26 0.09
C 16:0 21.95 21.62 20.83  20.77 22.70  20.64
C 16:1-9¢ 5.98 6.49 4.07 6.02 6.33 5.38
C17:0 0.10 0.08 0.13 0.09 0.08 0.10
C 17:0 cyclo 0.09 0.08 0.07 0.07 0.07 0.08
C 18:0 5.57 5.31 6.57 5.36 5.61 6.05
C 18:1-9t 0.18 0.17 0.17 0.17 0.17 0.18
C 18:1-9¢ 40.25 40.27 35.54  39.63 39.50  38.70
C18:1-11c 2.67 2.58 2.35 2.71 2.97 2.20
C 18:2-9¢,12¢ 18.87 19.38 21.11 18.43 16.44  19.67
C 18:3-6,9,12¢ 0.20 0.16 0.20 0.15 0.17 0.18
C 18:3-9,12,15¢ 1.56 1.44 4.87 4.28 3.15 4.13
C 18:2-¢9,t11/t9,c11 (CLA) 0.08 0.07 0.15 0.13 0.11 0.11
C20:0 0.12 0.10 0.11 0.10 0.09 0.11
C20:1-11c 0.46 0.40 0.42 0.45 0.43 0.43
C20:2-11c¢,14c 0.22 0.21 0.30 0.19 0.21 0.21
C20:3-8,11,14c 0.15 0.14 0.25 0.14 0.19 0.16
C20:4-5,8,11,14c 0.40 0.43 0.77 0.28 0.43 0.36
C 20:5-5,8,11,14,17c 0.06 0.08 0.31 0.09 0.00 0.17
C22:1-13c 0.03 0.03 0.11 0.00 0.02 0.05
C 22:5-7,10,13,16,19¢ 0.09 0.09 0.36 0.14 0.19 0.18
C 22:6-4,7,10,13,16,19¢ 0.06 0.04 0.23 0.09 0.10 0.09
Suma nasytenych MK 28.35 27.66 2820  26.83 29.07  27.49
Suma nenasytenych MK 71.65 72.34 71.81  73.17 7093  72.51
Suma vyssich esenc. MK 2.50 2.39 6.98 5.17 4.23 5.26
Index nenasytenia MK (IU) 0.98 0.94 1.04 1.03 1.10 0.98
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Obr. 1. Reprezentativny chromatograficky zaznam profilu mastnych kyselin v celkovom lipide kuracieho misa

4,7,10,13,16,19¢). V sledovanych vzorkach boli taktiez
namerane malé koncentracie trans mastnych kyselin, hlav-
ne kyselina elaidova (C18:1-9t) a zmes konjugovanych
izomérov kyseliny linolovej (C18:2-¢9,t11/t9,c11).

Analyzy ukazali, ze miso z kuracich stehien obsahu-
je viac celkovych nenasytenych mastnych kyselin nez
méso z kuracich pfs. Je vSak zaujimavé, ze celkovy index
nenasytenia mastnych kyselin (vyjadruje pocet dvojitych
vizieb na jednotkovi dizku refazca mastnych kyselin)
vykazoval vysSie hodnoty v kuracich prsiach. Mnozstva
vys8ich esencidlnych mastnych kyselin s poctom 3 aZ 6
dvojitych vézieb kolisali a nemozno jednoznac¢ne kategori-
zovat’ ich hladiny na zdklade ich zdroja (prsia alebo steh-
na). Kuracie prsia vo vSeobecnosti vykazuju vacsi pomer
celkovych C18/C16 mastnych kyselin, va¢si pomer kyseli-
ny linolovej/kyseliny olejovej a a vyssi pomer kyseliny -
linolénovej/kyseliny linolovej nez lipidy izolované
z kuracich stehien.

Zaver

Je zname, Ze nenasytené mastné kyseliny su synteti-
zované v zivo€iSnych bunkach pomocou réznych desatu-
raz a elongaz. Nase experimenty jednoznacne potvrdili, ze
kuracie miso ma aktivne desatura¢no/elongacné enzyma-
tické vybavenie. Zretelné korelacie v boli zistené pre A’
desaturdzu (katalyzuje konverziu kyseliny palmitovej na
palmitolejova a kyseliny sterovej na olejovi), A'? desatu-
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razu (katalyzuje konverziu kyseliny olejovej na linolovi),
A’ desaturdzu (katalyzuje konverziu kyseliny dihomo-y-
linolénovej na arachidénovi)) a A* desaturazu (katalyzuje
konverziu kyseliny dokozapentaénovej na dokozahexaéno-
vi), kde ich aktivity boli priamoumerné zvySujucim sa
hladindgm ich jednotlivych prekurzorov. Naopak, pre A°
desaturazu (katalyzuje konverziu kyseliny linolobej na vy-
linolénovi) a A" desaturazu (katalyzuje konverziu kyseli-
ny linolovej na a-linolénovi) takéto korelacie neboli ziste-
né.

Praca bola vykonana vdaka financnej podpore
z grantov VEGA ¢. 1/0234/09 a 1/0235/08 Vedeckej gran-
tovej agentury Ministerstva Skolstva Slovenskej republiky
a Slovenskej akadémie vied.
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Effect of feed fortified with linseed and clove, from
25™ day of feeding period in broiler chicken, on profile of
fatty acids was studied. Addition of 5 and 7 % of linseed
and clove to feed increased polyunsaturated fatty acids
(mainly a-linolenic acid) amount in chicken lipids isolated
from breast and thigh muscles significantly.
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“VUP Food Research Institute Department of Chemistry
and Food Analysis, Priemyselnad 4, 824 75 Bratislava,
Slovak Republic, ” Brno Technical University, Faculty of
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Introduction

The market with food supplements containing con-
centrated nutrients offering the supplementation of their
intake from normal diet is strongly developed in the Czech
Republic and throughout the Europe. They cover a wide
range of products that just look like medicinal products,
but they are definitely not medicaments, as they are used
only to mitigate the symptoms of some, usually health
problems. Supplements contain active ingredients — nutri-
tional factors, e.g., vitamins, minerals, amino acids, essen-
tial fatty acids, fiber and various plants and herbals ex-
tracts. They appear in various forms, tablets, capsules,
powders and liquids (drops or syrup)'.

European regulation for dietary supplements
(Directive 200/46/EC) refers to dietary supplements which
are marketed and offered as foodstuffs. In the Czech Re-
public, their market is regulated by the relevant national
regulation for dietary supplements and food fortification'?.

Dietary supplements are used to supply the intake of
vitamins and minerals, but they can also strengthen the
immune system. Recently, the growing attention is focused
on supplements used for climacteric symptoms suppres-
sion, because climacteric symptoms affect every woman
around the fiftieth year of life. At this time, woman's fer-
tile period ends and this process is associated with the
gradual decline of the activity of reproductive organs, as
well as with the decrease or even end of female sex hor-
mones production. As a consequence, women in climac-
teric period suffer from specific problems. Extensive
symptomatology of climacteric symptoms is divided into
vegetative symptoms (vasomotor and psychological prob-
lems), organic (skin changes and changes of body weight)
and metabolic symptoms (affecting the atherosclerosis and
osteoporosis development)**. Formulations used for cli-
macteric symptoms mitigation are usually available in
form of tablets and capsules, but sometimes in form of
herbal drops or syrups. These products may contain active
ingredients such as herbal extracts (containing phytoestro-
gens), bee product (bee pollen and royal jelly), some vita-
mins (especially of B group, vitamin A, D, E) and minerals
(e.g. Ca, Mg, Fe, Zn, Se)6.
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To ensure their safety, the detailed analysis of indi-
vidual components in final products before distribution is
strongly required. As follows from previous investigations,
some dietary supplements can contain elevated content of
metals and other elements®’. While some of them, such as
selenium, cobalt, iron, copper and zinc are essential at low
concentration level as they can be incorporated in some
vitamins’ structure (cobalt in vitamin B12), the others,
e.g., arsenic, cadmium and lead, are toxic. Special atten-
tion must being focused on heavy metals presence moni-
toring. They are present in dietary supplements for two
main reasons — as contaminants of natural product and as
result of secondary contamination during the manufactur-
ing process’.

The concentration level of some elements of interest
presented in dietary supplements requires the application
of high sensitive analytical methods capable of their reli-
able detection and determination. For these purposes, spec-
tral methods are used routinely, most frequently induc-
tively coupled plasma mass spectrometry (ICP-MS), in-
ductively coupled plasma optical emission spectrometry
(ICP-OES) and graphite furnace atomic absorption spec-
trometry (GF-AAS)™.

This work was aimed at the determination of ele-
ments present in selected dietary supplements used for
climacteric symptoms mitigation prepared according to the
original recipes by means of ICP-MS. The macroelements
(Na, Mg, K, Ca) as well as trace elements (Mn, Fe, Cu, Zn,
Se and Sn) and heavy metals (As, Cd, Pb) was monitored.

Experimental
Sample preparation

Original recipe of two dietary supplements (capsules
and herbal syrup) containing active ingredients which are
generally accepted as effective in climacteric symptoms
elimination was proposed. Following them, and individual
supplements were prepared in form of capsules and herbal
syrup. Capsules’ content was prepared by mix the appro-
priate amounts of dried red clover (Trifolium pratense),
soybean (Glycine max), cultivated flax (Linum usitatis-
simum), passionflower (Passiflora incarnata), and black
cohosh (Cimicifuga racemosa). Calcium carbonate was
added as the source of calcium, as well.

Herbal syrup was made from simple syrup (64 %
sucrose solution), to which alcoholic extracts of red clover
(Trifolium pratense), hops (Strobilus lupuli), lady's mantle
(Alchemilla vulgaris) and sage (Salvia officinalis) were
added. To improve a taste of liquid product, citric acid and
potassium sorbate were added, the last mentioned as con-
serving agent.
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Conditions of ICP MS analysis

In case of capsules, their content was crushed
by pestle in mortar to a fine powder, and gently mixed.
The digestion and subsequent analysis of both, powder and
liquid samples was performed according to the modified
method of Peachey at. al.”. Briefly, the following digestion
conditions were used: the sample (0.5 g, capsules’ content;
1 g, liquid syrup) was accurately weighted into Teflon
vessels of a Milestone 1200 digester. Mixture of nitric acid
(conc.) and hydrogen peroxide (conc.), 6:1 (v/v) was used
as the digestion medium. In accord with digester operating
manual instructions, for the digestion of powders, dried
plant tissue mode was set, whereas for syrups, juice or
syrup mode. The digestion took up to 20 min at maximum
microwave power, 650 W. After cooling to ambient tem-
perature, the sample was transferred into 25 ml volumetric
flask and filled up to the mark with deionized water. The
analysis of the so-prepared samples was realized using an
Agilent 7500 Series ICP-MS spectrometer (Agilent, USA)
in a collision mode.

The calibration curve with correction to the internal
standards serves for individual elements determination.
Multi-elemental solutions of Na, Mg. K, Ca, Mn, Fe, Cu,
Zn, Se, Sn, As, Cd and Pb, prepared in 4% HNO; were
used for calibration curves construction. Two sets of cali-
bration solutions were prepared, for macroelements and
trace elements, respectively.

The details of ICP-MS operating conditions and con-
centrations of individual elements are listed in Table I.

Respective investigated samples were diluted 5 times
by deionized water prior the analysis. Internal standard

Table I
ICP-MS instrumental conditions
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solutions (Sc, Ge, In, Bi) with concentrations of 200 pg "'
each, were on-line added to each sample. Parameters of
measurement are presented in Table II. All measurements
were performed in duplicates.

Results and discussion

Dietary supplements prepared in two forms, capsules
and herbal syrups according to the original recipes were
subjected to ICP-MS analysis in order to determine the
content of selected majority elements (Na, Mg, K, Ca),
trace elements (Mn, Fe, Cu, Zn, Se, Sn) and heavy metals
(As, Cd, Pb). The average concentrations of individual
elements are listed in Table III. The concentration of indi-
vidual elements determined for both forms of supplements
were subsequently mutually compared and confronted
with the actual legislation limits.

As follows from data presented in Table III, plenty of
elements were determined in both, capsules’ content and
herbal syrups. As no one of them were added into food
supplements intentionally, exception for calcium (added as
calcium carbonate) and potassium (added as potassium
sorbate) we suppose their occurrence follows from either
natural compounds used for their preparation, or from
contamination of ingredients during their production, as
finally mentioned above.

Regarding to their concentration, the significant dif-
ferences among them were found within one form of die-
tary supplement, as well as between them. In accord with
expectations, the concentrations of all elements determined
in capsules’ content were several folds higher then in

ICP-MS settings
Cell gas flow rate Plasma 15 1 min™'
Auxiliary 0.9 I min™'
Carrier 0.85 I min™'
Make up 0.25 1 min™
RF Power 1500 W
Sampling depth 8 mm
Nebulizer Type MicroMist (concentric)
Pump 0.1 rps
Spray chamber Type Scott (glass)
Temperature 2°C
Collision cell (octopole) Gas Helium
Flow rate 5.5 ml min™'
Standard solutions
Elements Concentration
Macroelements Na, Mg, K, Ca 0-0.5-5-20-100 mg I
Fe 0-20-200-500-2000 pg 1!

Trace elements

Mn, Cu, Zn, Se, Sn, As, Cd, Pb

0-0.1-1-10-100 pg I""
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Table II
Parameters of measurement
Analyte LOD* BEC" Internal
Mass Ele- [ngl"]  [ugl']  standard
element ment
23 Na 3 57 Sc
24 Mg 2 5 Sc
39 K 7 49 Sc
44 Ca 8 14 Sc
55 Mn 0.011 0.010 Sc
57 Fe 0.224 0.540 Sc
63 Cu 0.018 0.109 Ge
66 Zn 0.069 0.751 Ge
75 As 0.003 0.011 Ge
82 Se 0.326 0.392 Ge
111 Cd 0.001 0.005 In
119 Sn 0.017 0.039 In
208 Pb 0.002 0.018 Bi
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Fig. 1. Concentration of selected macroelements (] Na,

Mg, ll K, [] Ca) determined in dietary supplements by

* Limit of detection, ® Concentration of equivalent back-
ground

Table 111
Concentration of individual elements in dietary supple-
ments determined by ICP-MS

Ele- Capsules’ Herbal syrup
ment content
Macro- Na 1.39+0.02 0.0096+0.0004
clements Mg 1.5120.01  0.0062+0.0005
[gke™] K 1.15£0.02  0.676+0.007
Ca 91.65+0.73  0.451+0.003
Trace Mn 15.4640.19  0.273+0.007
clements, Fe 69.942.0  0.0920.009
[mg kg ] Cu 3.64:0.01  0.094x0.005
Zn 8.66+0.13  0.029+0.004
Se 0.18+0.03 <LOD
Sn 0.116£0.001  0.0088+0.0005
Heavy As 198.5+1.8 11.1120.62
metals cd 72.0+1.1 6.54+0.62
[ngke] Pb 364+12 1.02+0.37

herbal syrup. It is a logic consequence of the ways of sup-
plements preparation. While the powder content of cap-
sules was prepared from parts of whole plants, the syrups
were prepared from their ethanolic extracts. Plant materi-
als usually contain number of micronutrients and toxic
elements coming from soils, which are not extracted into
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ICP-MS

organic solvents. In addition, macroelements are important
extra- and intracellular components maintaining an os-
motic pressure inside and outside the cells; contributing
also to acidobasic balance maintenance'”.

As depicted on Fig. 1, Ca ions were determined to be
the dominant element in the capsules’ content
(concentration ~ 92 g kg™'), whereas the concentrations of
other main macronutrients, Na, Mg and K differs signifi-
cantly, reaching the concentrations ~ 1 g kg™'. Higher con-
centration of calcium in capsules’ content can be explained
by the fact, that the calcium carbonate was used to prepare
this form of food supplements. On the other hand, K ions
with concentration ~ 0.68 g kg™ are dominant macronutri-
ents in herbal syrup. Again, the results obtained are proba-
bly connected with the recipe of herbal syrup preparation.

Minor constituents, e.g. Mn, Fe, Cu, Zn, Se and Sn
are important biogenic elements whose daily needs are
very low but their absence leads to serious health compli-
cations. In the human body, they are incorporated in the
structure of various metalloenzymes and/ or involved in
metabolic processes'’. Similarly like in the case of macro-
elements, their concentrations in capsules’ content were
much higher than in herbal syrup. The dominant trace ele-
ments in capsules were Fe (69.92mgkg™”) and Mn
(15.46 mg kg™') while their concentration in herbal syrup
was minimal. Concentration of Mn, dominant trace ele-
ment in herbal syrup, was sixty times lower than in cap-
sules’ content. Concentrations of other elements were very
low and did not exceed 0.1 mg kg™".

The content of heavy metals in foods including die-
tary supplements is one of the main indicators of food
safety for consumers. As mentioned above, concentrations
of heavy metals determined in supplements under study
were compared with those set by legislation (Table IV).
However, as the legislation limits for macro and microele-
ments (if available) are presented in the form of their
maximum diary allowance and not as absolute concentra-
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Table IV
Comparison of heavy metal content in dietary supplements
with legislative limits

Element Legislative Experimental results
limit [mg kg ']

[mg kg™']"" capsules’ herbal

content syrup

As 1 0.199 0.011

Cd 1 0.072 0.007

Pb 3 0.364 0.001

tions, only the data obtained for heavy metals were com-
pared. Legislative limit for lead is 3 mg kg™' and 1 mg kg™
for cadmium'?. Limit for arsenic in dietary supplements
has not been established neither by the Czech or European
legislative; only its limits in variety of foodstuffs (i.e.
chocolate and cacao butter, baby food, fruit and fruit juice)
are available'’. Thus, the existing British general limit for
arsenic in foods, i.e., | mg kg_l, was taken into considera-
tion'*.

Data presented in Table IV clearly demonstrate that
dietary supplements contain heavy metals (As, Cd, Pb) in
relatively low concentrations, in compliance and within
the existing legislation limits. In accord with macro- and
trace elements, the concentration of heavy metals in cap-
sules’ content’ was higher then in herbal syrup. As illus-
trated on Fig. 2, lead with concentration ~ 0.364 mg kg™
was found as dominant heavy metal in capsules’ content.
In spite of this, its concentration reached only 12.13 % of
maximum permitted limit. On the contrary, its concentra-
tion in herbal syrup was ~ 0.001 mg kg™' (0.03 % of legis-
lation limit), the lowest from the monitored heavy metals.
The content of arsenic and cadmium in capsules (0.199
mg kg™ and 0.072 mg kg™") represents approx. 19 % and
7.2 % of permitted limits, respectively.

360
c, ugkg

320

280

240

200
80
60
40
20

0

Il &

Herbal syrup

Capsules

Fig. 2. Concentration of heavy metals ( (] As, ll Cd,0 Pb)
determined in capsules’ content and herbal syrups by ICP-
MS
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As regards to the results obtained for heavy metal,
conclusion analogous to these above-presented for macro
and microelements can be done. Presence of heavy metals
in foodstuffs is closely related to their presence in the en-
vironment. Plants including herbs, are capable to accumu-
late metals from the soil (lead and cadmium) and water
(arsenic)’. These elements remained unaffected during
capsules preparation, while did not transfer into macerate
during their extraction and subsequent herbal syrup prepa-
ration.

Conclusion

Due to their toxicity when present at high concentra-
tions, the content of metal elements and especially heavy
metals in foods including dietary supplements must not
exceed the maximum recommended daily dose. In view of
this, their exact determination and monitoring during the
entire production process as well in the final production is
of great importance for both, food producers and consum-
ers to ensure food safety.

ICP-MS has been introduced as simple and reliable
analytical method for multi-elemental determination of
macroelements, trace and heavy metals in dietary supple-
ments potentially applicable for climacteric syndromes
suppression. Two forms of these products were prepared at
laboratory conditions following the original recipes, i.e.,
powdered herbs encapsulated into capsules and herbal
extracts added into syrup. Concentrations of all monitored
metal elements in capsules’ content were several times
higher in comparison to their amounts in herbal syrup.
Although some heavy metals, such as arsenic, lead and
cadmium were detected in both food supplement forms,
none of these elements was presented in concentration
exceeding the existing legislation limits. It can be con-
cluded that from the metal ions content point of view, the
food supplements analyzed in this study are safe for con-
sumption. However, in order to find the commercial appli-
cation with supposed positive effects on climacteric syn-
dromes mitigation, the further extended study of their
medical effects is strongly required.
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B. Tobolkova™®, J. Zemanova®, and P. Simko®
(“ VUP Food Research Institute Department of Chemistry
and Food Analysis, Bratislava, Slovak Republic, ® Brno
Technical University, Faculty of Chemistry, Brno, Czech
Republic): The Content of Some Elements in Dietary
Supplements Used for Climacteric Symptoms Elimina-
tion

To ensure dietary supplements safety, the detailed
analysis of individual components in final products before
distribution into food market is strongly required. The
concentration level of some elements presented in dietary
supplements requires the application of high sensitive ana-
lytical methods capable of their reliable detection and de-
termination. This work was aimed at the determination of
macroelements, trace elements and heavy metals present in
two forms of dietary supplements (capsules and herbal
syrup) with proposed effects on climacteric symptoms
mitigation prepared according to the original recipes by
means of ICP-MS method. The content of macroelements
(Na, Mg, K, Ca), trace elements (Mn, Fe, Cu, Zn, Se and
Sn) and heavy metals (As, Cd, Pb) was monitored. Results
obtained proved that the concentrations of all of them in
capsules’ content were several times higher than in herbal
syrup. In case of capsules, the content of individual ele-
ment decreased in the following order: Ca > Mg > Na >
K> Fe > Mn > Zn > Cu > Se > Sn; whereas in herbal syrup
in the order: K > Ca > Na > Mg > Mn >Fe > Cu > Zn > Sn
> Se. Although some heavy metals, such as arsenic, lead
and cadmium were detected in both food supplement
forms, none of these elements was presented in concentra-
tion exceeding the existing legislation limits. Concentra-
tions of heavy metals in capsules’ content was found to
decrease in the order: Pb > As > Cd, and for herbal syrup
in the order: As > Cd > Pb.
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PRIAME STANOVENIE BIZMUTU V PODACH A KALOCH METODOU ETAAS
A JEHO POROVNANIE S KONVENCNYMI POSTUPMI ROZKLADU VZORIEK
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Univerzita Komenského v Bratislave, Prirodovedecka fa-
kulta, Katedra analytickej chémie, Mlynska dolina CH-2,
842 15 Bratislava 4, Slovensko

torok@fns.uniba.sk

Uvod

Kvoli znacnej antropogénnej Cinnosti nadobuda ana-
lyza vzoriek suvisiacich so Zivotnym prostredim Coraz
véacsiu dolezitost’. Na prvkovua analyzu uvedenych vzoriek
sa uspeSne pouzivaju techniky atomovej spektrometrie,
ktoré vSak vo vicsine pripadov vyzaduji rozklad tuhej
vzorky. Prevedenie tuhych environmentdlnych vzoriek do
roztoku je jednym z najnarocnejsich krokov celého analy-
tického postupu, hlavne kvoli tazkostiam spojenych so
ziskanim kvantitativneho vytazku'?. Rozklad vzorky vna-
Sa do celého analytického procesu najvicsiu neistotu, pre-
toze vo faze rozkladu je zvysené riziko kontaminacie vzor-
ky alebo straty analytu’. Namiesto roztokovej analyzy
modzeme pre pevné vzorky pouzit' aj priame davkovanie.
Adaptacia ETAAS pre priamu analyzu pevnych vzoriek sa
javi ako najvhodnejsia spomedzi metéd atomovej spektro-
metrie, vdaka pomerne jednoduchému zavadzaniu pevnej
vzorky do elektrotermického atomizatora®. Vyhodou pria-
mej analyzy pevnej vzorky s ETAAS — Solid Sampling
(SS-ETAAS) v porovnani s konvenénou ETAAS je moz-
nost’ analyzy tuhych vzoriek bez predchadzajtiiceho rozkla-
du, ¢o vedie k zna¢nému skrateniu celkového ¢asu analyzy
a k minimalizacii rizika kontaminacie™*. SS-ETAAS bola
povodne vyvinuta a prakticky sa vyuzivala pre stanovenie
stopovych a ultrastopovych obsahov necistot v tazko roz-
loziteInych vzorkach (keramiky, cementy, kovy, a pod.) v
roznych oblastiach priemyslu®. Z prehladovych ¢lankov
zaoberajucich sa problematikou priamej analyzy pevnych
vzoriek® je zrejmé, ze uvedent metodiku je mozné vyuzit
aj pre environmentalny monitoring’.

Bizmut patri medzi analyticky vyznamné a zaujimavé
prvky, hlavne kvoli potencidlnej toxicite. Jeho obsah
v zemskej kore je priblizne 0,1 az 0,2 mg kg™ (cit.®). Vy-
skytuje sa véacSinou v pyrite a do zivotného prostredia sa
dostava hlavne zvetravanim hornin, tazobnou alebo prie-
myselnou ¢innostou’. Ma podobné chemické vlastnosti
ako arzén aantimén'’. Pre stanovenie bizmutu mozno
pouzit’ rozlicné analytické metddy, z ktorych najpouZiva-
nejsSia je technika generovania hydridov, ktora mdze byt
aplikovana v spojeni s atomovou absorpénou'' "¢, atémo-
vou emisnou’ alebo hmotnostnou spektrometriou'®™"®,
Pomocou kolekcie hydridov v grafitovej kyvete (,in situ
trapping®) je mozné dosiahnut’ znacné zvysenie citlivosti
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jeho stanovenia'®*’. Bizmut v environmentilnych vzor-

kach je mozné stanovit’ aj technikou ETAAS, pricom sta-
novenie komplikuje jednak pomerne vysokd prchavost’
analytu®' a taktieZ aj zna&né interferencie’’. Hlavnym in-
terferetom pri stanoveni Bi st chloridy, pricom za ich pri-
tomnosti dochadza k stratdm bizmutu pocas pyrolyzy uz
pri relativne nizkej teplote*’ (priblizne 400 °C). Bolo na-
vrhnutych niekol’ko zmesnych modifikatorov na baze
paladia®, molybdénu®?*, alebo volframu® s pridavkom
kyseliny vinnej pre ucinni stabilizaciu  bizmutu
v environmentalnych vzorkach. Mierzwa a spol.”® navrhli
pre rychle priame stanovenie Bi v pddach a sedimentoch
vyuzitie techniky davkovania jemnej suspenzie do elektro-
termického atomizatora (,,slurry sampling®) za pritomnosti
Pd(NOs),, ako modifikatora analytu.

V uvedenej praci je opisany postup pre stanovenie
bizmutu vo vzorkéach pod a kalov technikou ETAAS vyu-
zitim metody priamej analyzy pevnych vzoriek a jeho po-
rovnanie s roztokovou ETAAS. Vypracovanie analytickej
metodiky pre stanovenie bizmutu v uvedenych vzorkach
metddou SS-ETAAS je zaujimavé z hladiska znacného
skratenia a skvalitnenia celého analytického postupu. Tiez
nie je zanedbatelna potencidlna moznost vyuzitia SS—
ETAAS ako alternativnej techniky ku konvenc¢nej ETAAS
vyuzivajucej rozklad vzorky pri analyze pre kontrolu kva-
lity vysledkov a hodnotenia homogenity vzorky.

Experimentalna cast’
Pouzité pristroje a zariadenia

Na priame stanovenie bizmutu vo vzorkach pod
a kalov sa pouzil spektrometer AAS SEA (Analytik Jena,
Jena, SRN) s priecne vyhrievanou grafitovou trubicou
a deutériovou korekciou neSpecifickej absopcie, ktory bol
povodne navrhnuty na analyzu kvapalnych vzoriek. Friese
a Krivaii’’ jeho jednoduchou modifikaciou dosiahli priame
davkovanie pevnych vzoriek umiestnenych na platforme.
Navrhnutym mechanizmom sa moéZe platforma lahko
uchopit’, transportovat’ a vlozit' do trubice atomizatora.
Vzorky sa pred analyzou navazovali na mikrovahach
M500P s rozlisenim 107 g (Sartorius, Géttingen, Nemec-
ko). Ako ochranny plyn bol pouzity vysokolisty argon
(Messer Tatragas a.s., Bratislava).

Na stanovenie bizmutu vo vyluhoch pdd a kalov bol
pouzity atdmovy absorpény spektrometer firmy Perkin-
Elmer 1100B (Norwalk, Connecticut, USA) s elektroter-
mickym atomizatorom HGA-700 v spojeni s automatic-
kym podavacom vzoriek AS-70 tej istej firmy. Celkovy
rozklad pod a kalov za mokra pri atmosferickom tlaku (za
postupného pouzitia koncentrovanej HNO;, HC1O, a HF)
sa uskutocnil v teflonovych miskach na pieskovom
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Tabulka I
Pracovné podmienky pre stanovenie bizmutu v pddach
a kaloch a dosiahnuté analytické parametre

Posters

Tabulka III
Teplotny program pre stanovenie bizmutu v rozloZzenych
podach a kaloch pri atomizacii z platformy

SS- Roztokova ETAAS Krok Teplota,  Narast Drzanie Prietok
ETAAS [°C]  teploty [s] teploty [s] Ar [l min™']
Zdroj ziarenia HCL EDL Susenie® 110 1 30 0,30
Prad lampy 5,0 mA 8,0 W 150 2 30 0,30
/vykon Pyrolyza  700"° 10 30 0,30
Analyticka 306,8 nm 306,8 nm Atomizécia  1900° 0 3 0.01
Ciara 1700°¢ ’
Strbina 0,5 nm 0,7 nm Cistenie 2200 1 3 0,30
Korekcia D, D,
pozei('he,l ? Pocas davkovania grafitova kyveta bola vyhriata na 80 °C;
Pouzity 10pgPd  SpgPd+ 200 Hg ®za pritomnosti 10 pl zmesného modifikatora obsahujice-
mod. +5ng 200 ng glukoza + ho 5 pg Pd + 200 pg NH,NO;; © za pritomnosti 100 pg
Mg(NO;), NH,NO; 200 pg NH4NO; glukézy + 200 ug NH,NO;
Kalib. 0,5-3,0 0,25-1,5 ng
rozsah ng (12,5-75,0 ug 1'"
Pouzité 0,20-1,50 - -
navazky mg Chemikalie, roztoky a vzorky pdd a kalov
Zivotnost 250 >100 >100 . P .
platformy Na pripravu roztokov bola pouzitd deionizovana voda
. zo zariadenia Water PRO-PS (Labconco, Kansas City,
m, 43 pg 46 pg 37 pg

 Charakterickticka hmotnost’

Tabulka IT

Teplotny program pre priame stanovenie (SS-ETAAS)
bizmutu v podach a kaloch za pritomnosti 10 pl zmesného
modifikatora obsahujiceho 10 pug Pd a 5 ug Mg(NOs), pri
atomizcii z platformy

Krok Teplota  Nérast DrZanie Prietok

[°C] teploty  teploty [s] Ar [l min™']
[°Cs™']

SuSenie 110 20 30 1,2
200 20 30 1,2

Pyrolyza 500 50 20 1,2
1100 50 20 1,2

Atomizacia 2000 2000 4 0,1

Cistenie 2500 2500 3 1,2

kupeli®. Pseudototalny rozklad vzoriek (vyluh la¢avkou
kralovskou) bol uskuto¢neny vo varnej banke, pod spit-
nym chladicom, podl'a ISO normy ¢&. 11466. Optimalizo-
vané inStrumentalne parametre pre SS-ETAAS a pre rozto-
kovii ETAAS st zhrnuté v tabul’ke 1. Teplotné programy
pre priamu analyzu pevnych vzoriek a pre analyzu rozlo-
zenych vzoriek a vyluhov su uvedené v tabul’kach II a III.

USA). Na pripravu kalibracnych roztokov a roztokov mo-
difikatorov bola pouzita 1% v/v kyselina dusi¢na od firmy
Merck. Lucavka kralovska bola pripravend z vysokocistej
koncentrovanej HCl a HNO; (Merck, Darmstadt, SRN).
Kalibracné roztoky boli pripravené vhodnym zriedenim
Standardného roztoku bizmutu (Merck) s koncentraciou
prvku 1,000 g 1" s 1% (v/v) kyselinou dusi¢nou. Dusi¢nan
horecnaty (hexahydrat), dusi¢nan paladnaty (dihydrat) obe
od firmy Merck, dusicnan aménny a glukéza (Lachema
Brno, CR) vo forme roztokov boli pouzité ako modifikato-
ry. Do roztoku modifikatora pre SS-ETAAS bol pridany
tenzid Triton X-100 (Fluka, Buchs, Svajéiarsko), pre zais-
tenie homogénneho zmacania tuhej vzorky. Koncentracia
tenzidu v roztoku modifikatora bola 0,1 % (v/v).

Standardné referenéné materidly pod S-VM ¢&. 12-1-
07 Eutric Cambisols, S-MS ¢. 12-1-08 Orthic Luvisols, S-
SP &. 12-1-09 Rendzina boli dodané Ustavom radioekolo-
gie a vyuZitia jadrovej techniky (Kogice). Standardné refe-
renéné materialy kalov z Cistiarni odpadovych vod s niz-
kym (WT-L ¢. 12-3-12), strednym (WT-M ¢. 12-3-13)
a vysokym (WT-H ¢. 12-3-14) obsahom toxickych prvkov
dodala firma pb-anal (KoSice).

Pracovny postup

Pred priamou analyzou sa priblizne 5 az 10 g z kazdé-
ho referenéného materialu odobralo zo zasobnej flase
a odobrany podiel sa zhomogenizoval a susil pri teplote
105 °C po dobu 15 min. Po vysuseni sa vzorky uchovavali
v polyetylénovych nadobéch. Z takto upravenych vzoriek
mnozstva do 1,5 mg sa po pridani kvapalného modifikato-
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ra vlozili do elektrotermického atomizatora. Analyza kaz-
dej vzorky v tuhom stave sa opakovala desatkrat.

Celkovy rozklad avyluh luc¢avkou kralovskou sa
uskutocnil dvakrat pre kazdd vzorku. Davkovany objem
vzorky do grafitovej kyvety bol 20 pl, a objem zmesného
modifikatora 10 pl. Pre urychlenie suSenia sa grafitova
piecka pocas davkovania vyhrievala na 80 C (tzv. hot in-
jection). VSetky rozlozené vzorky boli analyzované dva-
krat.

Vysledky a diskusia
Priame stanovenie Bi v pddach a kaloch

Najdolezitejsimi krokmi pri vypracovani SS-ETAAS
metodiky st: vyber vhodnej analytickej iary, ktord zabez-
peci dostatoc¢nu citlivost’, vyber vhodného modifikatora
a optimalizdcia teplotného programu. Kvoli prchavosti
bizmutu nie je mozné aplikovat’ dostatocne vysoku teplotu
pyrolyzy na vzorku, a tak nedoch4dza k uplnému odstrane-
niu rusivych zloziek z matrice. Prchavost’ bizmutu je moz-
né znacne znizit' vhodnym stabilizatorom analytu. Najcas-
tejSie sa na tento Gcel pouziva zmesny modifikator obsahu-
juci 5 ug Pd a3 pg Mg(NOs), (cit.*’) alebo Ir (cit.*****"),
Zr (cit2**3%), Ta (cit. ), W (cit.*?), Nb (cit.*?) ako perma-
nentné modifikdtory. V pripade pouZitia kvapalnych modi-
fikatorov nedochadza k stratdm analytu pri teplote pyroly-
zy do 1100 °C, za pritomnosti permanentnych modifikato-
rov do teploty 900 az 1000 °C. Uvedené¢ teploty st posta-
Cujlice na zjednoduSenie matrice vzorky pri konvencnej
roztokovej analyze ETAAS. Je vSak otazne ¢i prebehne
efektivna modifik4cia analytu v pevnych vzorkach a c¢i
bude mozné aplikovat’ dostato¢ne vysoku teplotu pyrolyzy
na pevnu vzorku.

Dalgim problémom pri stanoveni bizmutu je poloha
jeho hlavnych rezonancnych ciar (223,1 nm, 222,8 nm)
v kratkovinnej UV oblasti, kde je zna¢na moznost’ vyskytu
interferencii. Bizmut disponuje aj alternativnou analytic-
kou ¢iarou pri 306,8 nm, s 35% citlivost'ou v porovnani
s jeho hlavnou analytickou Ciarou. Je vysoko pravdepo-
dobné, ze vyparovanie pevnej vzorky pri podmienkach
merania vyvola zna¢nu neSpecificki absorpciu, ktord pri
pouziti ¢iary 306,8 nm bude najmensia. Kvoli jeho spome-
nutym kladnym analytickym vlastnostiam posledne zmie-
nenu analyticku Ciaru sme vybrali pre stanovenie bizmutu
v pddach a kaloch.

Z nameranych kriviek pyrolyzy (obr. 1.) je zrejmé, Ze
bez pridavku modifikatora je analyt stabilny vo vodnom
roztoku do 600 °C a v pevnych vzorkéch do 650 az 700 °C.
Pre pevné vzorky je optimalna teplota atomizacie priblizne
0300 °C vyssia ako pre vodny Standard. Pravdepodobne
tento jav suvisi s obtiaznejSim uvolnenim analytu z tuhej
matrice. Maxima na krivkach atomizacie pevnych vzoriek
mozu poukazovat’ na rusivy vplyv matrice vzorky. Pri
atomizacnej teplote prislichajicej maximu sa podarilo
oddelit’ Bi od ostatnych zloziek matrice (to sa prejavilo
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Obr. 1. Krivky termického rozkladu (P) a atomizacie (A) biz-
mutu v §tandardnom roztoku (krivky 1P a 1A, 1,0 ng Bi v 10 pl
roztoku), pode S-SP (krivky 2P a 2A, 1.00 mg vzorky) a kale
WT-H (krivky 3P a 3A, 1,00 mg vzorky) bez pritomnosti modi-
fikatora pri atomizacii z platformy

vzrastom signalu Bi). Dal§im zvy$ovanim teploty atomiza-
cie sa analyt a matrica vyparuju spolocne a signal analytu
klesa v dosledku stazenej disociacie.

Na obr. 2. st zobrazené priebehy absorpénych signa-
lov bizmutu atomizovaného zo Standardného roztoku
a z pevnych vzoriek bez pridavku modifikatora. Je vidiet,
ze bez pritomnosti modifikdtora maximum atémového
absorp¢ného signalu bizmutu pri atomizacii zo Standardné-
ho roztoku sa objavi skor ako pri atomizacii z pevnych
vzoriek. Taktiez neSpecifickd absorpcia je znacn4, nakol’ko
kvoli prchavosti analytu nebolo mozné aplikovat’ dostatoc-
ne vysoku teplotu pyrolyzy a tak nedoSlo k Ziadanému
zjednoduSeniu matrice. Tvary absorpénych signalov biz-
mutu z pevnych vzoriek sa znacne odliSujli od tvaru signa-
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Obr. 2. Signaly atomovej absorpcie (AA) a neSpecifickej ab-
sorpcie pri atomizacii Bi zo Standardného roztoku (krivky
1AA a IBG, 0.5ng Bi v 10 pl roztoku), z kalu WT-H (krivky
2AA a2BG, 0,455 mg vzorky) az pody S-SP (krivky 3AA
a 3BG, 0,341 mg vzorky) bez pridavku modifikatora (teplota
pyrolyzy 600 °C a teplota atomizacie 1800 °C pre vsetky vzorky)
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Iu ziskaného pri atomizécii zo Standardného roztoku. Sig-
naly zo vzoriek st ¢asovo posunuté, deformované a taktieZ
roz§irené v porovnani so signalom zo §tandardného rozto-
ku. Bizmut zo vzorky kalu sa uvolfloval pri atomizécii
v dvoch vinach (Stiepenie absorpéného signalu), co pouka-
zuje na rozdielne typy vézieb analytu v matrici. Roz§irenie
a casové posuny pikov moézu poukazovat na rozdielnu
kinetiku, aktivacnu energiu a energetickl
(termodynamickt) naro¢nost’ atomizacie bizmutu z rozto-
ku a z pevnych vzoriek.

Kvoli vyskytu matricového efektu pri atomizacii pev-
nych vzoriek bolo nutné (podla ofakavania) pouzit' che-
micky modifikator. Pre termicku stabilizaciu Bi v pevnych
vzorkach sme sa rozhodli aplikovat’ paladium (vo forme
roztoku Pd(NOs),) v mnozstve 10 pg Pd na jednu analyzu,
podobne ako v praci’®. Pre zaistenie G¢inného termického
rozkladu matrice modifikator analytu sme Pd kombinovali
s mineralizatnym c¢inidlom dusi¢nanom hore¢natym
v mnozstve 5 pug na jednu analyzu. Vo faze atomizacie
v pritomnosti modifikatora sa zvolil narast teploty
2000 °C s™' (namiesto maximalnej 3000 °C s™'). Tato vol-
ba stvisela s predpokladom uc¢innejSieho vytvorenia inter-
metalickej zluceniny BicPdy, ¢o by malo zarucit’ zjednote-
nie kinetiky atomizacie Bi z vodného Standardu a z pevnej
vzorky. Atomizacna teplota (2000 °C) bola zvolenad na
zaklade dosiahnutia ¢o najlepSieho oddelenia absorpéného
signalu analytu od signélu neSpecifickej absorpcie.

Krivky pyrolyzy Bi za pritomnosti zmesného modifi-
katora (obr. 3.) poukazuji na G¢innt modifikaciu analytu,
pretoze termické stabilita analytu vzrastla z 700 °C (bez
modifik4tora) na 1100°C vo vodnom S$tandarde aj
v pevnych vzorkach. Pre vodny Standard bizmutu a tiez aj
pre analyzované vzorky pod a kalov sa zistil dobry suhlas
stanovenej optimalnej teploty pyrolyzy (1100 °C)
s literarnymi udajmi**~® (1000 az 1250 °C). Klesanie kriv-
ky pri nizkych teplotach (400 az 700 °C) pravdepodobne
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Obr. 3. Krivky termického rozkladu (P) a atomizacie (A) biz-
mutu v §tandardnom roztoku (krivky 1P a 1A;2,0ng Biv 10 pn
1 roztoku), pode S-SP (krivky 2P a 2A; 1,00 mg vzorky) a kale
WT-H (krivky 3P a 3A, 1,00 mg vzorky) v pritomnosti zmesné-
ho modifikitora obsahujiceho 10 pg Pd a 5 ug Mg(NO;), pri
atomizacii z platformy
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suvisi s vysokou aktivaénou energiou tvorby intermetalic-
kej zIucCeniny medzi Bi a Pd. Podobne, ako bez pritomnosti
modifikatora, aj v pritomnosti modifikatora bola pre pevné
vzorky optimdlna teplota atomizicie zna¢ne vySSia ako pre
vodny Standard.

Pri komplikovanych vzorkdch sa odporuca pouzitie
tepelnej upravy vzoriek vo viacerych krokoch® a preto
sme sa rozhodli aplikovat’ tento postup aj pre nami analy-
zované vzorky. Najprv sa vzorky pyrolyzovali pri 500 °C
anasledne pri 1100 °C. Pri pouziti dvojkrokovej pyrolyzy
sa dosiahlo vyrazné zniZenie neSpecifickej absorpcie
(zaisti sa ucinny kontakt modifikatora so vzorkou) a tak-
tiez absorpéné signaly analytu boli symetrické.
V pritomnosti zmesného modifikatora nastdva zjednotenie
kinetiky atomizacie medzi vodnym S§tandardom a pevnymi
vzorkami pod a kalov, ako je to zrejmé z priebehov ab-
sorpénych signalov zobrazenych na obr. 4.

Po optimalizécii teplotného programu nasledovala
optimalizacia mnozstva stabilizatora analytu pridaného ku
vzorkdm, priCom mnoZzstvo modifikdtora matrice zostalo
nezmenené a d’alej sa neoptimalizovalo. Nameral sa signal
Bi z vodného Standardu a z pevnych vzoriek pri réznych
mnozstvach pridaného palddia. Analyzou vplyvu mnoZstva
paladia na velkost’ a tvar absorpcného signalu bizmutu sa
zistilo, Ze palddium G¢inne modifikuje Bi v analyzovanych
vzorkach uz pri mnozstve 10 pg na jednu analyzu, preto
sme sa rozhodli pouzit’ tento pridavok pri d’alSich analy-
zach. Pri pridavku paladia <10 pg absorpcné signaly ana-
lytu z pevnych vzoriek boli deformované a rozstiepené, ¢o
moze poukazovat’ na nedostatocni modifikaciu. Zavislost
signalu bizmutu od pridaného mnozstva Pd je na obr. 5.

Pocas stanovenia bizmutu v pevnych vzorkach sme sa
zamerali aj na sledovanie Zivotnosti platformy resp. stavu
pyrolytickej vrstvy na nej v zavislosti od poc¢tu absolvova-
nych atomiza¢nych cyklov. Vhodnym indik4torom stavu
pyrolytickej vrstvy na platforme je symetria a tvar ab-
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Obr. 4. Signaly atomovej absorpcie (AA) a neSpecifickej ab-
sorpcie pri atomizacii Bi zo Standardného roztoku (krivky
1AA a 1BG, 0,5 ng Bi v 10 pl roztoku), z kalu WT-H (krivky
2AA a2BG, 0,455 mg vzorky) az pody S-SP (krivky 3AA
a 3BG, 0,341 mg vzorky) s pridavkom zmesného modifikatora
10 pug Pd a 5 pg Mg(NO3),
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Obr. 5. Vyhodnotenie vplyvu mnozZstva modifikatoru analytu
(paladia) na signal bizmutu (krivka A: 2,5 ng Bi v 10 pl rozto-
ku, krivka B: 1,00 mg pdda S-SP, krivka C: 1,00 mg kal WT-H)

sorbénych signalov a taktiez aj dlhodobé opakovatel'nost,
pripadne vyskyt nedokonale vyvinutych absorbénych sig-
nalov. Kvoli postupnej degradacii atomizacného povrchu
pocas sérii analyz je vhodné zaradit’ po urcitych poctoch
atomizac¢nych cyklov rekalibraciu premeranim jedného
bodu kalibra¢nej krivky. Pomocou rekalibracie mézeme
zaistit' u¢inn korekciu vysledkov, ktoré vykazuju drift
vplyvom postupného opotrebovania platformy. Fyzicky
stav platformy sme vyhodnocovali empiricky zo zavislosti
absorb&ného signalu 1,0 ng bizmutu od poctu atomizac-
nych cyklov v pritomnosti zmesného modifikatora. Uvede-
né udaje sa ziskali pocas rekalibracii (kazdé piate meranie
bolo rekalibracia) a st graficky spracované na obr. 6. Po-
merne Casta rekalibracia bola nutna kvoli odhaleniu pred-
pokladanej rychlej erozie platformy. Podl'a ocakavania pri
priamej analyze pod a kalov nastdvala postupna degradacia
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Obr. 6. Vyhodnotenie Zivotnosti platformy (signal 1,0 ng Bi zo
Standardného roztoku v pritomnosti zmesného modifikatora Pd/
Mg(NO3)2)
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pyrolytickej vrstvy platformy vplyvom jednak sintracie
zvySkov matrice s povrchom platformy ale taktiez aj kvoli
korozivnemu ucinku pouzitého modifikatora (hlavne Mg
(NO3),). Degradacia povrchu platformy mala vplyv hlavne
na deformaciu atomizac¢nych signalov, ku koncu zivotnosti
platformy nastivalo nedokonalé uvolnenie analytu
z matrice, a taktiez sme pozorovali zvySenie hodnét sle-
pych pokusov.

V  pritomnosti modifikatora obsah  bizmutu
v analyzovanych vzorkéach pod a kalov sme vyhodnocovali
kalibraciou na vodné Standardy (zarobené v 1% v/v HNOs)
a metddou pridavku Standardu. Pomerne nizky obsah ana-
Iytu ndm dovoloval zvysit’ navazky vzorky pre jednotlivé
analyzy, ¢o znamend podstatné zvySenie reprezentativnosti
vysledkov analyz.

Stanovenie Bi v pddach a kaloch s vyuzitim ETAAS
z roztokov

Nakol'ko vacsina analyzovanych vzoriek nemala cer-
tifikovany obsah bizmutu, a preto bolo nutné vysledky
ziskan¢ SS-ETAAS porovnat s vysledkami roztokovej
analyzy ETAAS vyuZivajucej rozklad vzoriek. Pre rozklad
vzoriek sme zvolili celkovy rozklad s postupnym pouzitim
koncentrovanej HNO;, HCIO,4, HF za atmosferického tlaku
a vyluh s lac¢avkou kral'ovskou.

Najsilnejsie interferencie sa objavili pri analyze vylu-
hov, a preto bol na tychto roztokoch §tudovany vplyv mo-
difikatorov. Ako uZz bolo spomenuté pri stanoveni Bi (aj
v rozlozenych vzorkach) je nutné jednak stabilizovat’ ana-
lyt, ale taktieZ je nutné odstranit’ rusiva matricu. Ako vi-
diet’ z kriviek pyrolyzy a atomizacie vyluhov Iu¢. kralov-
skou (obr. 7.) na spomenuty Ucel nie je vhodny univerzal-
ne doporucovany zmesny modifikdtor Pd/Mg(NO;),, na-
kol’ko neodstranuje chloridova matricu. Podobnt interfere-
niciu sme zaregistrovali aj pri analyze celkovych rozkla-
doch pdd akalov. Na odstranenie rusivych chloridov je
mozné pouzit NH4NO; (cit.**). Pouzitie zmesného modifi-
katora Pd/NH4NO; vsak neprinieslo ocakavané zlepsSenie
analytickej metodiky. Pri pouziti zmieneného zmesného
modifikatora sa analyt a matrica vyparovala sucasne,
o ¢om svedCia maxima na krivkach atomizacie (obr. 8).
Navyse tento modifikator stabilizuje Bi v rozli¢nych rozlo-
zenych vzorkach rozlicne, ¢o je evidentné z rozdielnych
kriviek termického rozkladu pre rozloZzené¢ pddy a kaly.
Rozdielna termicka stabilizicia v rozliénych vzorkach
zvySuje riziko strat analytu pocas pyrolyzy nevhodnou
vol'bou teplotného programu.

Preto bolo nutné n4jst’ taky modifikator analytu, ktory
by zabranil stratam Bi pocas tepelnej Upravy vzorky,
a naopak na stabilitu zloZiek matrice by mal zanedbatelny
vplyv. Z tohto pohl'adu neprichddzajii do uvahy Ziadne
z konvenénych stabilizatorov analytu na baze platinovych
kovov alebo karbidotvornych prvkov. Perez-Corona
a spol.*® dosiahli zaénu termick stabilizaciu Sb a Se (az
do 1300 °C) pouzitim glukdzy, ako chemického modifika-
tora. Bizmut je chemicky podobny antiménu a preto sme
sa rozhodli tento modifikator vyuZit’ s pridavkom NH4NO;
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Obr. 7. Krivky termického rozkladu (P) a atomizacie (A) biz-
mutu v Standardnom roztoku (krivky 1P a 1A, 1,0 ng Bi v 20 pl
roztoku), vyluh la¢avkou kralovskou kalu WT-H (krivky 2P
a2A) avyluh li¢avkou kralovskou pody S-SP (krivky 3P
a 3A) v pritomnosti zmesného modifikatora obsahujiceho 5 g
Pd a 3 pg Mg(NO:s3), pri atomizacii z platformy
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Obr. 8. Krivky termického rozkladu (P) a atomizacie (A) biz-
mutu v §tandardnom roztoku (krivky 1P a 1A, 1,0 ng Bi v 20 pul
roztoku), vyluh li¢avkou kralovskou kalu WT-H (krivky 2P
a2A) avyluh li¢avkou kralovskou pody S-SP (krivky 3P
a 3A) v pritomnosti zmesného modifikatora obsahujuceho 5 pg
Pd a 200 pg NH,NO; pri atomizacii z platformy

(kvoli uc¢innej eliminacii chloridov) pre jeho stanovenie
v rozloZenych vzorkach. Z kriviek pyrolyzy Standardného
roztoku a rozlozenych vzoriek v pritomnosti glukdzy
a NH4NO; je mozné usudit’, Ze uvedeny zmesny modifika-
tor rovnako stabilizuje Bi vo vSetkych médiach (obr. 9).
Dalej tento zmesny modifikator ndm dovol'uje pouzit’ po-
merne nizku teplotu atomizacie (1700 °C), ¢o napomaha
ucinnej separacii analytu od ruSivej matrice. Separacia
analytu od matrice je zrejma aj z priebehov absorpénych
signélov, zobrazenych na obr. 10.
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Obr. 9. Krivky termického rozkladu (P) a atomizacie (A) biz-
mutu v Standardnom roztoku (krivky 1P a 1A; 0,5 ng Bi v 20 pl
roztoku), vyluh li¢avkou kraPovskou kalu WT-H (krivky 2P
a2A) avyluh li¢avkou kralovskou pody S-SP (krivky 3P
a 3A) v pritomnosti zmesného modifikatora obsahujuceho 200
pg glukoézy a 200 ug NH,NO; pri atomizacii z platformy
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Obr. 10. Signaly atémovej absorpcie (AA) a neSpecifickej
absorpcie pri atomizacie Bi z Standardného roztoku (krivky
1AA a 1BG, 0,5 ng Bi v 10 pl roztoku), vyluhov z kalu WT-H
(krivky 2AA a 2BG) a z pody S-SP (krivky 4AA a4BG) az
totalneho rozkladu kalu WT-H (krivky 3AA a 3BG) s pridav-
kom zmesného modifikiatora 100 pg glukézy a 200 pg
NH,;NO;

Spravnost’ navrhnutych postupov rozkladu bola ove-
rend analyzou Standardného referencného materialu kalu z
Cistiarne odpadovych vod WT-L. Vyluhom lucavkou kra-
Fovskou bola stanovena hodnota 2,82 + 0,04 mg g' a total-
nym rozkladom bol stanoveny obsah Bi 3,48+ 0,12 mg g
(pocet opakovani v oboch pripadoch bol 4), zatial’ Co certifi-
kovana hodnota bola 3,73 + 0,55 mg g™'. Zhodnost’ stanove-
nych obsahov bizmutu s certifikovanou hodnotou sme zis-
tovali pomocou Studentovho testu (T-test) na hladine vyz-
namnosti 95 %. Zhodnost’ vysledkov s certifikovanym obsa-
hom Bi sa potvrdila iba v pripade pouzitia totalneho rozkla-
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Tabulka IV
Porovnanie stanoveného obsahu bizmutu® vo vzorkach pod
a kalov roztokovou ETAAS a SS-ETAAS

Vzorka Vyluh Celkovy Priama
1ag. kr.>¢ rozklad"® analyza®
S-MS 0,467 £0,040 222+0,07 2.41+0,20°
2,32 +0,29¢
S-VM 0,456 £0,014 240+0,13 245+021°
2,50 + 0,334
S-SP 0,606 + 0,089  1,68+0,12 1,65+0,17°
1,73 +0,25¢
WT-L 2,82 £ 0,04 3,48+0,12  3,69+0,12°
3,77 + 0,35
WT-M 1,46 + 0,05 2,91+0,02  3,05+0,19°
2,85 + 0,24
WT-H 2,43+0,13 2,59+0,02  2,88+0,17°
2,75 + 0,304

* Priemerna hodnota + SD (po¢itana zo 4 hodndt pri rozto-
kovej ETAAS az 10 hodndt pri SS-ETAAS); ° vysledky
st prezentované v pgg'; ¢ metoda kalibragnej krivky;
4 metéda pridavku tandardu

du, vyluh luacavkou kralovskou poskytol nizsi vysledok,
pravdepodobne z dévodu netplneho rozkladu.

Porovnanie vysledkov stanovenia Bi v podach
a kaloch metodou SS-ETAAS a v roztokoch

V tabulke IV st uvedené vysledky ziskané priamou
analyzou pevnych vzoriek a porovnané s vysledkami zis-
kanymi vyluhom lacavkou kralovskou a vysledkami zis-
kanymi celkovym rozkladom. Porovnanie poukazuje na
vSeobecny trend, ze vyluh lucavkou kral'ovskou poskytuje
niz§ie vytazky, ako celkovy rozklad vzoriek, pricom me-
dzi vysledkami ziskanych priamou analyzou a celkovym
rozkladom pevnych vzoriek je Statisticky nevyznamny
rozdiel (T-test, na hladine vyznamnosti 95 %).

Zaver

Priama analyza pevnych vzoriek metédou ETAAS
predstavuje vhodnil analytickii metdodu na stanovenie biz-
mutu vo vzorkach pod a kalov. Pri stanoveni bizmutu vo
vsetkych vzorkach bolo nutné pouzit’ chemicka modifika-
ciu. V pripade priamej analyzy pevnych vzoriek sa na ten-
to ucel osvedcilo pouzitie paladia s pridavkom Mg(NO;),
pre zaistenie uc¢inného rozruSenia anorganickej matrice.
Naopak pri analyze rozlozenych vzoriek pouzitie paladia
sposobilo zvysenie rusivych vplyvov z matrice. Uvedeny
problém bolo mozné vyrieSit vymenenim paladia za glu-
kozu, ktord efektivne zabranila stratdm analytu pocas py-
rolyzy ale taktiez dovolila pouzit' pomerne nizku teplotu
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atomizacie (1700 °C). Nizka teplota atomizacie napomaha-
la uspeSnému oddeleniu analytu od ruSivych matricovych
zloziek. Interferencia vyvoland vysokym obsahom chlori-
dov v rozloZenych vzorkéach a vo vyluhoch lacavkou kra-
T'ovskou bola eliminovana pridavkom NH;NO;.

Kvantitativne vyhodnotenie obsahu Bi v pevnych
vzorkach bolo uskutocnené metddou kalibracnej krivky na
vodné Standardy a metddou pridavku  Standar-
du. Porovnanim vysledkov ziskanych analyzou rozloze-
nych vzoriek svysledkami priamej analyzy vzoriek
v pevnom stave je mozné usudit, Zze po doslednej optimali-
zicii teplotného programu a pouzitia vhodného modifika-
tora je mozné obsah Bi vo vSetkych analyzovanych vzor-
kéch spolahlivo vyhodnotit’ metdédou kalibracnej krivky na
vodné $tandardy. Dosiahli sa teda také parametre analyzy,
pri ktorych velkost” absorpcného signdlu analytu len malo
zavisela od zloZenia matrice.

Praca bola podporovana grantmi Vedeckej grantovej
agentury Ministerstva Skolstva SR a Slovenskej akadémie
vied VEGA/1/0430/08 a Slovenskou agenturou pre vyskum
a vyvoj VVCE-0070-07.
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P. Torok and M. Zemberyova (Department of Ana-
Iytical Chemistry, Faculty of Natural Sciences, Comenius
University, Bratislava, Slovak Republic): Determination
of Bismuth in Soils and Sludges by Solid Sampling —
ETAAS and Its Comparison with Liquid Sampling
ETAAS

The aim of this work was to develop a rapid and
simple procedure for direct solid sampling determination
of bismuth in soils and sludges of various origins by
ETAAS. To overcome the interferences from the unde-
composed solid matrix and also for avoiding the pre-
atomization losses of the analyte the mixed Pd/Mg(NOs),
modifier was utilized. The alternative analytical line at
306.8 nm was used for determination of Bi in selected
solid samples in order to allow the introduction of reasona-
bly high sample mass into the furnace, what is a pre-
requirement for an acceptable precision. The quantification
of Bi in solid samples was performed by calibration using
aqueous standards and by three point estimation-standard
addition method (generalized standard addition proce-
dure). For verifying the accuracy and the precision of the
proposed method the results obtained by solid sampling
ETAAS were compared with dissolution based ETAAS
analysis. Two decomposition procedures were tested,
namely total dissolution at the atmospheric pressure using
HNO;, HCIO,4, HF and aqua regia leaching, respectively.
The accuracy of the selected decomposition procedures
were checked by analyzing a certified reference material
of sludge. The recoveries were 76 = 1 % for aqua regia
leaching and 94 + 3 % for total dissolution, hence the re-
sults of total dissolution were used for comparison. With
SS-ETAA the 3 SD detection limit 0.04 ug g”' and 10 SD
quantification limit of 0.13 pgg' and a characteristic
mass of 43 pg were obtained. For all the matrices under
scrutiny, a good agreement with the results obtained by
ETAAS analysis of dissolved samples was achieved with
RSD values around 10 %.
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ANALYZA ZAPACHAJUCICH LATOK VZNIKAJUCICH PRI VYROBE BUNICIN

A PAPIERA

FRANTISEK KACIiK, VERONIKA
VELCKOVA, LUBOMIR LUSTEK
a DANICA KACIKOVA

Technicka univerzita vo Zvolene, T.G. Masaryka 24,
960 53 Zvolen, Slovensko
kacik@vsld.tuzvo.sk, velkova@vsld.tuzvo.sk

Uvod

Pri vyrobe buni¢in a papiera mézu vznikat’ latky ne-
priaznivo ovplyviiujice senzorické vlastnosti medzipro-
duktov aj finalneho vyrobku a znecistujice Zivotné pro-
stredie. Zapachajuce latky sa uvolfiuji do pracovného
a Zivotného prostredia, ¢im neprijemne pdsobia na pracov-
nikov a obyvatel'ov v okoli podniku vyrabajiiceho bunici-
nu a papier. Okrem toho sa mézu dostat’ aj do papiera,
ktory sekundarne negativne vplyva na pouzivatelov. Ob-
zvlaSt’ vaZne problémy moZu zapéachajice latky v papieri
sposobit’, ak sa papier pouziva na balenie potravin. Zapach
z papiera moze ovplyvnit’ senzorické vlastnosti potravin,
¢o mdze viest az kich znehodnoteniu a nespokojnosti
zakaznikov. Problém so zdpachom a chutou nie je jedno-
duché riesit, pretoze neexistuju jednoduché a I'ahko pouzi-
telné met6dy na ich hodnotenie. Dalsie problémy spdsobu-
je skutoCnost’, ze aréma sa moze pri skladovani papiera
menit’ a preto moZe byt’ ind pri posudzovani spotrebitel'mi
aind pri kontrole kvality vo vyrobnom podniku. Existuje
niekol’ko zdrojov zapachajucich latok a vzniknuté latky sa
rozdeluji do viacerych skupin. Vo vyrobnom procese
s uzavretym systémom vody alebo pri recyklovani bunici-
novych vlakien je zvyCajne hlavnym zdrojom zapachu
mikrobiologicka aktivita. Oxidacia extraktivnych latok je
najdolezitejSim zdrojom zapachu pri vyrobe mechanickej
buniciny alebo pri sulfitovom spdsobe vyroby buniciny.
Pridavné latky do papiera a ich degradacia mozu byt takis-
to zdrojom zapachu' ™.

Problémom pri analyze zapachajlcich latok su
rozdielne vysledky pri chemickych analyzach a pri senzo-
rickom hodnoteni urovne zapachu. Uvadza sa, ze stcasne
dostupné metddy analyz nedosahujii presnost’ a citlivost’
T'udského nosa, a ze senzorické hodnotenie je jedina meto-
da, ktorej sa da doverovat. S tymto ndzorom sa vSak da
polemizovat’. Vyber panela posudzovatel'ov je dolezity pre
zarucenie objektivity hodnotenia. Posudzovatelia musia
byt starostlivo vyberani, dobre vyskoleni ahodnotenie
musia vykonavat’ za stabilnych a dobre definovanych pod-
mienok. Za uvedenych predpokladov panel posudzovate-
Tov moze poskytnut’ objektivne hodnotenie zapachu vzo-
riek a rozdielov medzi jednotlivymi vzorkami. Senzorické
hodnotenie je velmi wuzitocné, ak sa kombinuje
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s pristrojovymi metédami analyzy. Napr. spojenie plyno-
vej chromatografie s hmotnostnou spektometriou (GC-
MS) v kombinacii so senzorickym hodnotenim moéze po-
moct’ pri ur¢eni zdrojov zapachu.

Pri vyrobe bunicin a papiera sa vyskytuje mnoho
problémov, ktoré spdsobuju mikroorganizmy. Spory, ktoré
su odolné voci zvySenej teplote mézu kontaminovat’ final-
ny produkt a mikroorganizmy mdzu produkovat’ zapacha-
juce latky. Pri anareobnych podmienkach mnohé mikroor-
ganizmy vytvaraji prchavé organické kyseliny, ktoré maju
typicka aromu. Kyselina octova (etanova) ma octovy za-
pach, kyselina maslova (butanova) ma zapach ako zatuch-
nuté pokazené maslo, kyselina propionova (propanova)
ako ementalsky syr, neprijemny zapach ma aj kyselina
valérova (pentdnova). Baktérie redukujiice siru mézu vy-
tvarat’ sulfan (sirovodik, H,S), ktory zapacha ako pokaze-
né vajcia*’.

Najjednoduchsim sposobom, ako odstranit’ zapach
sposobeny mikrobidlnymi aktivitami, je zabranit tvorbe
prchavych organickych kyselin. Tieto sa tvoria za anaerob-
nych podmienok, preto je potrebné zabezpecit' dostatocny
prisun kyslika. Medzi metdédy ako pomerne jednoducho
zabezpecCit' prisun kyslika patri dobra cirkulacia vody,
prevzdusiiovanie vdd a odstrdnenie miest so stojatou vo-
dou. Prchavé organické kyseliny st rozpustné a pri vyrob-
nom procese dochddza k ich premieSaniu. Bez dostatoc-
nych koncentra¢nych gradientov moze byt problematické
najst povod zdroja prchavych organickych kyselin sledo-
vanim ich aktualnych koncentracii vo vodnom systéme.
Treba poznamenat’, ze prebytok kyslika vo vodnej faze
nezaruCuje  dostatok  kyslika v biologickej  vrstve
a v agregatoch mikroorganizmov. Biologicka vrstva teda
moze predstavovat’ aerobny povrch a anaerobny vnutraj-
Sok, pricom kyslik sa spotrebtva pri difuzii dovnutra. Ten-
to efekt bol dokazany pri relativne tenkych vrstvach
(tenSich ako 0,2 mm). Minimalizacia biologickych vrstiev
a biologickych aktivit vSeobecne je teda nevyhnutna na
odstranenie lokalnych anaerobnych podmienok, ktorych
vysledkom je tvorba prchavych organickych kyselin®.

Prevzdusnenie vSak nie je vzdy dostatocnym riese-
nim a musia byt pouzité biocidne prostriedky na zabrane-
nie mnozenia mikroorganizmov vo vodnom systéme. Tre-
ba vS§ak mat’ na zreteli, ze aj niektoré biocidne prostriedky
maju silny zapach. Biocidy by sa mali pouzivat’ aj pri od-
stavkach zariadeni.

Uzavretie vodného systému pravdepodobne spdso-
buje vzrast problémov so zapachajicimi latkami vplyvom
mikroorganizmov. Nebezpecenstvo anaerobnych podmie-
nok vzrastda so zvySujucimi sa koncentraciami zivin
a zniZzenou rozpustnost'ou kyslika v dosledku vzrastajucej
teploty. Problémy so zapachom v dosledku ¢innosti mikro-
organizmov su vécsie pri alkalickom sposobe vyroby buni-
¢in, nakolko mikroorganizmy maji vhodnejSie hodnoty
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pH na svoj rast.

Extraktivne latky si hlavnym zdrojom zépachu
v papieroch obsahujucich mechanické alebo sulfitové bu-
ni¢iny. Problémy st obzvlast vyrazné pri nebielenych
bunicinach pre vyssi obsah extraktivnych latok a kovovych
iénov.

Tuky avosky tvoria hlavnt frakciu extraktivnych
latok v dreve, okrem nich sa v dreve vyskytuji aj volné
mastné kyseliny. Vyskyt tukov, voskov a vol'nych mast-
nych kyselin v dreve zévisi od mnohych faktorov (druh
dreviny, ro¢né obdobie, lokalita rastu, poveternostné pod-
mienky ap.), preto sa ich mnozstvo mdze lisit’ v pomerne
velkom rozsahu. Niektoré mastné kyseliny st nenasytené
a lahko podliehaju oxidacii, pri ktorej sa tvori vel'a prcha-
vych zapachajicich zlacenin. Oxidacia mastnych kyselin
vzdusnym kyslikom sa nazyva autooxidacia a zvycajne ju
oznacujeme ako tuchnutie tukov. Na papier sa pri suseni
pdsobi horacim vzduchom, neskor je papier vystaveny
vzdusnému kysliku pri skladovani a pouzivani. V dosledku
uvedenych vplyvov z tukov v papieri vznikaji zapachajiice
latky.

Autooxidacia je vel'mi komplikovana radikalova re-
tazovd reakcia. Reakcia zaCina na uhlikovom atéome
v susedstve dvojitej vizby a oxidacia konc¢i rozstiepenim
uhlikového retazca pévodnej mastnej kyseliny za vzniku
mensich a 'ahSie prchavych zlucenin. Rozstiepenie vznika
v blizkosti pdvodnej ndsobnej vézby. Typické nenasytené
mastné kyseliny v dreve su kyselina linolova (C18:2),
olejova (C18:1) a linolénova (C18:3), mozno preto ocaka-
vat’ vznik zlicenin z poc¢tom uhlikovych atdémov 3 az 9.
Takéto zliCeniny boli dokdzané pri analyze prchavych
latok z papiera, konkrétne aceton, butanal, pentanol, penta-
nal, hexanal, 2-hexenal, heptanal, 2-heptenal, oktanal,
nonanal. Niektoré z uvedenych zlicenin maju prah citli-
vosti na uUrovni niekol’kych ppb avyskytuji sa aj
v stuchnutych jedlych tukoch, ¢o sa prejavuje typickym
zapachom. Alifatické aldehydy maju rozny zapach, niekto-
ré neprijemny, niektoré su bez zapachu, niektoré maju
ovocnt voiiu 7,

V ihli¢nanoch sa nachadzaji najma tieto zivicné ky-
seliny — pimarova, palustrova, levopimarovd, izopimarova,
abietova, dehydroabietova, neoabietova. V réznych ihlic-
natych drevinach bolo identifikovanych viac ako 20 r6z-
nych mastnych kyselin, nasytené, s jednou dvojitou viz-
bou, s dvomi aj tromi nenasytenymi vizbami. Ich dizka je
vacsinou v rozmedzi C16-C22, ale boli zistené aj kyseliny
s kratsim (C10-C14) adlhsim (C24-C30) retazcom.
V pomerne velkych mnozstvach sa nachadzaju kyselina
olejova (C18:1(9), linolova (C18:2(9,12)) a5,9,12-
oktadekatriénova (C18:3(5,9,12). Mensie mnozstva boli
stanovené v pripade kyseliny palmitovej (C16:0) a stearo-
vej (C18:0). Existujii vSak rozdiely v obsahu mastnych
kyselin v zavislosti od ro¢né¢ho obdobia. V smrekovom
dreve boli zistené kyseliny s kratSimi retazcami na zaciat-
ku leta avzrast kyseliny linolénovej (C18:3) v zimnom
obdobi’.

Znacna Cast mastnych kyselin sa v listnatych drevi-
néach nachadza viazand vo forme triglyceridov, najcastejsie
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su to kyselina linolova, stearové, palmitova, linolénova.

Oxidaciu nenasytenych mastnych kyselin katalyzuji
niektoré kovové iony, napr. Zeleza, medi a manganu, ktoré
prejavuju  katalyticka aktivitu uz pri koncentraciach,
v ktorych sa vyskytuju vo vodnych systémoch pri vyrobe
buni¢in. Je dolezité uvedomit’ si, Ze oxid4cia mastnych
kyselin pokracuje aj po ukonceni vyroby papiera. Preto sa
intenzita zépachu aj jeho charakter meni pri skladovani
papiera.

Najjednoduchsie vyriesenie problémov so zapachom
sposobenym extraktivnymi latkami je ich odstranenie.
Zial, nie je to Pahké uloha. Velka ¢ast’ extraktivnych latok
sa vyskytuje v parenchymatickych bunkach, ¢o stazuje
posobenie chemickych latok na tato frakciu. Extraktivne
latky sa tiez vyskytuji ako rozpustené a koloidné zlozky
amoZzu byt aj nalepené na vladknach. Kombinécia dokona-
1ého prepierania a nasledného odstranenia jemného po-
dielu moze byt ucinné, avSak tazko akceptovatelné
z environmentalneho hl'adiska.

Ked'ze niektoré kovové iony maju silny katalyticky
vplyv na reakcie spdsobujuce tvorbu zapachajicich latok,
pouzitie chelatacnych ¢inidiel (napr. EDTA) je velmi
efektivne. Kovove iony stracaju katalyticky efekt vplyvom
chelatacnych cinidiel, ktoré maji priaznivy vplyv aj bez
nasledného premyvania.

Dal§imi chemikaliami, ktoré chrania tuky vo&i oxida-
cii, st antioxidanty. Tieto vSak nedokdZu reparovat uz
poskodené tuky. Niektoré testované antioxidanty zlepsili
senzorické vlastnosti papiera. Aj ked’ bol efekt pomerne
maly, tento spdsob je zaujimavy kvoli nizkym cendm anti-
oxidantov. Niektoré antioxidanty sa pouzivaju ako pridav-
ky do potravin, preto ich pouzitie pri papieri nebrani pou-
zitiu takto modifikovaného papiera na balenie potravin.

Pridavné latky su popri mikrobiologickej aktivite
a degradacii extraktivnych latok tretim hlavnym zdrojom
zapachu v papieri. Znamym problémom je rozklad Skrobu.
Uvadza sa, ze aj prostriedky na zniZenie penivosti spdso-
buju zapach. Pri vyrobe papiera si treba uvedomit’, Ze pri-
davné latky sa mozu v papieri rozkladat’, preto pri jeho
hodnoteni je mozné robit’ zavery az po urcitej dobe sklado-
vania. Medzi d’alSie zapachajuce latky, ktoré vznikaju pri
vyrobe buni¢in a papiera, patria prchavé sirne organické
zliCeniny (TRS - total reduced sulphur) a terpény.
K zla¢eninam typu TRS patria najmi sulfan, metylmer-
kaptan, dimetylsulfid a dimetyldisulfid, ktoré sa uvolfiuji
do okolia pri sulfatovom sposobe vyroby buniéin.

Stanovenie zapéachajucich latok nie je jednoduchou
zalezitostou. Moderné analytické metddy posunuli rieSenie
problému zna¢ne dopredu. Na analyzy sa pouzivaju vzor-
ky roznych matric, zlG¢eniny sposobujlice zapach sa zist'u-
ju v ovzdusi (najmé v skladovych priestoroch produktov),
alebo sa ich pritomnost’ sleduje vo vzorkach produktov, ¢i
odpadovych vodach a vyluhoch. Pristrojové merania je
vhodné spéjat’ so stanovenim zapachu panelom posudzo-
vatelov, ktori posudia pach stanovenych zlucenin. Stano-
venie pachu, ako pridavny faktor, je bezrozmerné, no na
porovnanie sa zvykne uvadzat v jednotkach zapachu
(odour units — ou). Vzorky ovzduSia si zachytdvané
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v §pecialne upravenych sorbentoch podla druhu analyzo-
vanych zlt¢enin, alebo sa vyuZziva extrakcia plynnou fazou
(headspace), ked sa prchavé zluceniny zo vzoriek
(buni¢ina, papier, odpadovd voda) zachytdvajl
v §pecialnej sklenenej tube a priamo uvolneny plyn je
podrobeny inStrumentélnej analyze. K najviac pouzivanym
technikdm patri plynova chromatografia v kombinacii
s plamenovoionizaénym detektorom (GC-FID) pre prcha-
vé organické zluceniny (VOC) aj karboxylové kyseliny
alebo hmotnostnym detektorom (GC-MS) pre VOC a ex-
traktivne latky. Castou metodou, najmé na stanovenie kar-
bonylovych zlucenin, je vysokou¢inna kvapalinova chro-
matografia (HPLC), kde sa aldehydy a ketony analyzuju
vo forme prislusnych 2,4-dinitrofenylhydrazénov. Reakcia
aldehydov aketénov s 2,4-dinitrofenylhydrazinom sa
s vyhodou pouziva k ich selektivnemu oddeleniu od ostat-
nych skupin latok, ale aj k ich si¢asnému nakoncentrova-
niu, ¢o je vel'mi vyhodné pri identifikacii aj stanoveni sto-
povych mnozstiev karbonylovych zlagenin'®™".

Cielom prace bolo analyzovat’ vybrané zapachajuce
latky v kondenzate z vyroby bunicin (karbonylové zluceni-
ny, karboxylové kyseliny) a sledovat’ zmeny ich koncen-
tracii pri posobeni roznych ¢inidiel na znizovanie zapachu.

Experimentalna cast’

Na analyzy bola pouZitd vzorka kondenzitu odobrata
z prevadzky podniku na vyrobu buni¢in. Vo vzorke boli
stanovené karbonylové zluceniny a karboxylové kyseliny
a boli sledované zmeny ich koncentracii po Gprave rozny-
mi Cinidlami s cielom znizit’ zdpach kondenzatu.

Analyza karbonylovych zlucenin

Karbonylové zluceniny boli analyzované vo forme
ich 2,4-dinitrofenylhydrazonov po vyzrazani zo vzorky.
Vyzrazané a prefiltrované 2,4-dinitrofenylhydrazony jed-
notlivych aldehydov a ketonov sa vysusili v podobe ma-
lych Cerveno-hnedych krystalikov pri teplote 105 °C do
konstantnej hmotnosti. Zachytené karbonylové zliceniny
sa extrahovali acetonitrilom a zahustili na odparke. Odpa-
rok sa rozpustil v roztoku veratrylaldehydu (0,01 %), ktory
sluzil ako vnatorny Standard. Takto ziskany roztok sme
analyzovali metédou vyso-koucinnej kvapalinovej chro-
matografie (HPLC).

Z 2,A4-dinitrofenylhydrazéonov bola pripravena Stan-
dardna modelova zmes v acetonitrile. Koncentracia jednot-
livych latok bola 0,01 pg v 1 pl acetonitrilu. Na analyzu
bola pouzita metdda vysokoucinnej kvapalinovej chroma-
tografie (HPLC).

Pri optimalizécii podmienok kvapalinovej chromato-
grafie boli otestované rdézne izokratické aj gradientové
programy separacie 2,4-dinitrofenylhydrazonov jednotli-
vych aldehydov a keténov. Analyza jednotlivych zloZiek
ovzdusia bola vykonana metddou kvapalinovej chromato-
grafie za nasledovnych podmienok:

Chromatograf: LiChroGraph L-6200 A (Merck-Hitachi)
Detektor: 1-4250 UV-VIS a L-7455 DAD (Merck-
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Hitachi)

Kolona: ChromSpher C-18 — 150 mm x 3 mm 1.D., 5 pm,
(Chrompack)

Injektor: Rheodyne 7125

Prietok mobilnej fézy: 1 cm® min™"

Detekcia: VIS 365 nm, DAD 250-800 nm

Mobilna faza:

A — voda/acetonitril/tetrahydrofuran: 60/30/10

B — voda/acetonitril: 40/60

Gradient:

0 min — 100%A

3 min — 100%A

15 min — 100%B

20 min — 100%B

25 min — 100%A

30 min — 100%A

Udaje z detektora boli vyhodnocované pomocou programu
HPLC System Manager (Merck-Hitachi).

Analyza karboxylovych kyselin

Karboxylové kyseliny boli analyzované metédou
plynovej chromatografie na sklenenej naplnovej kolone
s priamym nastrekom za nasledovnych podmienok:
Chromatograf: Chrom V (Laboratorni pfistroje)

Detektor: Plamenovoioniza¢ny (FID)

Kolona: Chromosorb 102 (80—100 mesh), 0,35 cm x 120 cm
Nosny plyn: Dusik

Prietok nosného plynu: 48 cm® min™

Teplota termostatu: 195 °C

Teplota injektora a detektora: 245 °C

Udaje z detektora boli vyhodnocované pomocou programu
ChromCard v.1.21 (Fisons).

Vysledky a diskusia
Vyber najvhodnejSieho ¢inidla na znizenie zapachu

Na zniZenie zapachu boli predbezne zvolené $tyri Cinid-
14, oznacené 1,2,3,4, pdvodna vzorka bola oznacena 0.
Z kazdého Cinidla sme pridali do 200 ml vzorky také
mnozstvo, ktoré zodpovedalo koncentracii 0,05 mol dm™.
Vzorka s ¢inidlom sa ihned ddokladne premiesali.
K senzorickému porovnavaniu bola pouzita aj vzorka kon-
denzatu bez pridavku ¢inidla, pre vzajomné porovnavanie
vsetkych vzoriek. Hlavnym kritériom vyberu c¢inidla
sa stalo senzorické hodnotenie potlacen¢ho zapachu vzor-
ky. Senzorické pozorovanie (¢uchom) sme vykonali oka-
mzite po nadavkovani ¢inidiel a potom priebeZne az po
uplynutie 60 min od pridania ¢inidla. Bezprostredne po
pridani ¢inidiel boli pozorované rozdiely v zdpachu medzi
povodnou vzorkou (bez Ccinidla) a ostatnymi vzorkami.
Vzorky s ¢inidlami zacali nadobudat’ charakteristické vo-
ne, ktoré boli vnimatel'ne odlisné v porovnani s pdvodnou
vzorkou.

Po uplynuti 1 hodiny od pridania ¢inidla sa zmeny
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Tabulka I

Retencné Casy latok v zmesiach Standardov

Zlugenina® Cas [min]
GC-FID HPLC

Kyselina octova 1,26

Kyselina propionova 2,21

Kyselina valérova 4,19

2-furaldehyd 5,72

Cl 1,62

C2 2,03

C3 3,05

C4 4,42

C5 6,78

C6 9,00

Cc7 9,97

C8 10,57

C9 11,1

C10 11,46

Cl1 11,87

C12 12,23

*C1 —metanal, C2 — etanal, C3 — propanal, C4 — butanal,
CS5 — pentanal, C6 — hexanal, C7 — heptanal, C8 — oktanal,
C9 — nonanal, C10 — dekanal, C11 — undekanal, C12 —
dodekanal

zapachu ustalili a bolo mozné zoradit’ ¢inidla podla ich
G¢inku na znizenie zipachu vzorky. Uginok ¢inidiel bol
odli$ny, vicsinou sa zapach znizil (pri ¢inidle C4 doslo
k jeho zvySeniu). Pri vzorke s c¢inidlom C2 nebolo sice
citit’ povodny zapach, ale vyrazne dominantnym sa zas stal
ostro &tipl'avy zapach. Cinidlom C1 sa nam podarilo mier-
ne potlacit’ povodny zapach kondenzatu, no senzoricky
pozorovany rozdiel nebol markantny. Ako najiacinnejsie sa
nam ukazalo ¢inidlo C3. Pri ¢uchovom hodnoteni tohto
¢inidla sa neprijemny zdpach najvyraznejSie potlacil, no
vo vzorke vsak bolo citit’ zapach po kyseline octovej, ¢o
sa potvrdilo aj chemickymi analyzami. Tento zapach sme
vSak nehodnotili ako obt’azujuci.

Po senzorickej analyze zapachu sme sa zamerali na
stanovenie karbonylovych zlicenin a karboxylovych kyse-
lin vo vSetkych vzorkach s ¢inidlami ako aj v Cistej vzorke.
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Retencné Casy su uvedené v tabul’ke I.

Vysledky stanovenia karboxylovych kyselin pred
a po posobeni Cinidiel na znizenie zapachu su v tabulke II.
Kyselina valérova nebola vo vzorke kondenzatu zistena, je
vSak mozné, ze sa v kondenzate nachadzala pod limitom
detekcie a aj v takejto nizkej koncentracii mohla ovplyv-
novat’ senzorické vlastnosti vzoriek.

Vysledky stanovenia aldehydov pred a po pdsobeni
¢inidiel na zniZenie zapachu su v tabulke III. Aldehydy
s poCtom uhlikov C8 az Cl12, ktoré boli pritomné
v Standardnej zmesi, neboli zistené vo vzorkach.

Chemickymi analyzami boli zistené karboxylové
kyseliny (C2-C4) a aldehydy (C1-C7). Posobenim ¢inidiel
na znizenie zapachu doslo k poklesu mnozstiev kyselin vo
vzorke kondenzatu, s vynimkou kyseliny octovej pri pou-
ziti ¢inidla €. 3. ZvySenie koncentracie sa dalo ocakavat’
v dosledku rozkladu uvedeného ¢inidla. Koncentracie ky-
seliny propiénovej a maslovej su po podsobeni rdznych
¢inidiel priblizne rovnaké a nie je zrejma suvislost medzi
ich koncentraciami a odliSnymi senzorickymi zisteniami
pri pouziti ¢inidiel. Vécsie rozdiely pri posobeni Cinidiel
boli zistené v mnoZzstvach aldehydov. Najvacsi pokles bol
pozorovany pri Cinidle ¢.2, ¢omu vSak nezodpovedala
senzoricka skuska.

Zaverom k tejto Casti mozno konstatovat, ze sa ne-
preukazala priama zavislost’ medzi analyzovanymi latkami
a senzorickym hodnotenim. Mo6Ze to byt sposobené tym,
ze zapach sposobuju d’alsie latky, ktoré neboli predmetom
analyzy, alebo zépach sposobuju tie latky, ktorych koncen-
tracia sa sice znizila nepatrne, ale dostatocne na to, aby sa
to prejavilo znizenim zdpachu. Dalou moznostou moze
byt aj zmena vzajomnych koncentracii zapachajucich la-
tok, ktord moze zniZit' ich synergicky efekt. Na rozdiely
medzi senzorickym hodnotenim a vysledkami chemickych
analyz sa poukazuje aj v odborne;j literatlre.

Vyber najefektivnejSieho c¢inidla zniZzujiceho za-
pach a sledovanie koncentraénej aj Casovej zavis-
losti i¢innosti ¢inidla

Ako najefektivnejSie ¢inidlo bolo na zéklade senzo-
rického hodnotenia zvolené ¢inidlo €. 3 a sledoval sa vplyv
jeho koncentracie na vzorke kondenzatu. Boli testované
koncentracie 0,1 M, 0,05 M, 0,025 M, 0,0125 M, 0,00625
M. Najlepsie vysledky boli zistené pri koncentracii 0,05
M. Pri pouziti nizSich koncentracii nebolo pozorované
dostato¢né znizenie zapachu, vyssie koncentracie spdsobo-
vali sekundarny zapach.

Tabulka II

Vplyv ¢inidiel na koncentraciu karboxylovych kyselin v kondenzate (mg dm™)

Kyselina 0 1 2 3 4
Kyselina octova 22,84 13,05 17,38 25,34 20,35
Kyselina propionova 13,98 6,77 9,02 8,21 7,52
Kyselina maslova 18,00 7,54 9,19 8,08 6,93
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Tabulka III
Vplyv cinidiel na koncentraciu aldehydov v kondenzate
(mg dm™)

Posters

Tabul'ka V
Vplyv ¢asu posobenia 0,05 M cinidla €. 3 na koncentraciu
karbonylovych zlugenin v kondenzate (mg dm™)

Aldehyd® 0 1 2 3 4

Cl 017 0,14 042 037 012
C2 1,55 096 009 09 131
C3 0,66 0,08 030 0,60 0,51
c4 025 004 027 023 021
cs 0,06 029 006 029 0,06
Cé6 0,15 007 007 011 0,08
C7 0,18 005 018 0,05 004

*C1 — metanal, C2 — etanal, C3 — propanal, C4 — butanal,
CS5 — pentanal, C6 — hexanal, C7 — heptanal

Tabul’ka IV
Vplyv ¢asu posobenia 0,05 M ¢inidla ¢. 3 na koncentraciu
karboxylovych kyselin v kondenzate (mg dm™)

Zla¢enina® Cas pdsobenia [min]

0 10 20 30 110
C1 0,20 0,39 0,41 0,34 0,60
C2 1,31 1,01 0,92 0,83 1,19
C3 0,62 0,52 0,44 0,43 0,70
C4 0,22 0,22 0,16 0,18 0,27
C5 0,21 0,11 0,07 0,08 0,13
C6 0,16 0,13 0,09 0,11 0,16
Cc7 0,20 0,16 0,07 0,13 0,14

Cas [min]
0 10 20 30 110

Kyselina

Kyselina octova 65,54 257,04 246,72 232,47 149,03

Kyselina 25,82 21,80 20,65 19,10 14,04
propionova
Kyselina 24,62 20,45 18,85 18,19 13,40
maslova

Optimalna koncentracia bola sledovana aj v ¢asovej
zavislosti ato senzorickym hodnotenim aj chemickymi
analyzami. V tomto pripade sa ukdzala lepSia zavislost’
medzi senzorickym hodnotenim a chemickymi analyzami
ako pri posobeni jednotlivych ¢inidiel. Vysledky chemic-
kych analyz su uvedené v tab. IV aV.

Z vysledkov vyplyva, Ze posobenim ¢inidla ¢. 3 do-
chadza k zniZeniu karboxylovych kyselin (s vynimkou
kyseliny octovej) v zavislosti od Casu posobenia. Mierne
zvySenie koncentracii kyseliny propiénovej a maslovej po
60 minutach posobenia mdze byt spdsobend oxidacnym
posobenim cinidla na mastné kyseliny v kondenzate
a postupnym vznikom oxida¢nych produktov. Senzorické
hodnotenie v§ak nevykazovalo zvySenie zdpachu ani po 60
minttach pdsobenia aani v dlhSom casovom intervale
(niekol’ko dni).

Pri posobeni Cinidla ¢. 3 doslo k znizeniu mnozstva
niektorych aldehydov vo vzorke kondenzéitu v zavislosti
od Casu, niektoré v prvej etape posobenia zvysili svoju
koncentraciu, pravdepodobne v dosledku Stiepenia mast-
nych kyselin. Podobne mozno vysvetlit' aj vzrast aldehy-
dov v neskorsich etapach pdsobenia, na senzorické hodno-
tenie to vSak nemalo negativny vplyv.
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*C1 — metanal, C2 — etanal, C3 — propanal, C4 — butanal,
C5 — pentanal, C6 — hexanal, C7 — heptanal

Zaver

Eliminacia pachov pri vyrobe buniCiny a papiera je
problém pretrvavajtci niekol’ko rokov, az desatroci. Uzav-
retim cyklu vyroby sa vo vysokej miere vyrieSilo obt'azo-
vanie obyvatel'stva v okoli celulozok a papierni. ZIuceniny
vznikajiice réoznymi pochodmi pri vyrobe a skladovani
vSak stale v podstatnej miere spdsobuju komplikacie pri
pouzivani papierenskych vyrobkov, najmé na potravinar-
ske ucely. V prispevku st prezentované vysledky prace,
kde boli analyzované dve skupiny zapachajicich latok
(karboxylové kyseliny a aldehydy) a boli sledované ich
reakcie na rozne cCinidla. Najlepsi Gi¢inok bol pozorovany
pri ¢inidle €. 3, kde bol zaznamenany pokles koncentrécii
analyzovanych zlucenin aj senzorické vylepsenie pachu.

Tato prdaca vznikla s podporou projektu VEGA

1/0490/09.
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Uvod

Silice jsou velmi rozmanitou skupinou latek.
Jednotna definice jejich chemické podstaty je proto dosti
slozita. Lze fici, ze silice jsou komplexni smési t¢kavych
organickych sloucenin, které jsou obsazeny v rostlinach.
Vyskytuji se prakticky ve vSech jejich castech (kvéty,
plody, listy, stonky, kofeny ...). Skladaji se predevsim
z terpenovych sloucenin (monoterpeny a seskviterpeny).
Tyto slouceniny vSak vétSinou nemaji vyznamny vliv na
aroma a chut’ silic, coz je zpusobeno tim, ze nositelem
téchto vlastnosti jsou hlavné kyslikaté slouceniny
(alkoholy, aldehydy, ketony, estery atd.)"*.

Vliv silic na lidské zdravi je znamy jiz mnoho let.
Lidé vyuzivali mnoho druhii bylin a kofeni k IéCeni
ruznych nemoci (napf. saturejka plisobi proti kfecim

ucinek, meduiika je pouZzivana proti kasli, pelyn€k pro
zaZivani, atd.)’.

Bézné pouzivané metody pro izolaci silic z rostlin
jsou destilace s vodni parou, lisovani ¢i extrakéni metody.
Avsak vzhledem k tomu, Ze silice jsou t€kavé slouceniny,
je mozné je analyzovat po zakoncentrovani z plynného
prostoru nad vzorkem, tzv. headspace®. K tomuto agelu se

Tabulka I
Charakteristika sledovanych slouc¢enin

jako perspektivni jevi metoda mikroextrakce jednou
kapkou (single-drop microextraction — SDME), a to jak ve
statickém, tak pfipadné€ i v dynamickém provedeni.

SDME je proces zaloZzeny na ustavovani rovnovahy
mezi vzorkem, headspace prostorem a povrchem kapky
vhodného extrakéniho rozpoustédla, které je v pripadé
dynamického provedeni kontinudlné dopliiovano. Ziskany
extrakt obsahujici zachycené slouceniny je pak ptimo
nastfiknut do nastfikového portu plynového chromatografu
bez nutnosti zafazeni desorpéniho kroku>. Pro identifikaci
jednotlivych  sloudenin  je mozné pouzit metodu
standardniho ptidavku, popf. hmotnostni detektor.

Hlavnimi cili této studie byla optimalizace
experimentalnich podminek dynamickou mikroextrakci
jednou kapkou (dLPME) z headspace prostoru a dosazené
vysledky porovnat s hodnotami ziskanymi klasickou
technikou destilace s vodni parou, coz je metoda
provadéna dle normy CSN ISO 6571 (cit.”).

Experimentalni ¢ast

Zkoumané vzorky byly extrahovany z plynného pro-
storu nad vzorkem, tzv. headspace (HS), technikou dLP-
ME. Pouzivdna byla GC mikrostiikatka HAMILTON
Microliter 701 o objemu 10 pul (Hamilton-Bonaduz AG,
Bonaduz, Svycarsko). Pfed samotnou extrakci byly vzorky
nejprve 30 minut temperovany v termostatu pfi teploté
70 °C. Byl pouzivan termostat Julabo EC-5 (Julabo Labor-
technik, Seelbach, Némecko).

Pro nalezeni vhodnych slou€enin k charakterizaci
riznych druh@ bylin metodou HS-dLPME s naslednou
analyzou na plynovém chromatografu a ke stanoveni kvan-
titativniho zastoupeni téchto slozek v riznych druzich
bylin byly pouzity vzorky ze soukromych zahradek

Sloucenina Teplota varu [°C] Hustota [g cm™] Mol. hmotnost [gmol™']  Sumérni vzorec
o-Pinen 156-158 0,858 136,24 CioHis
Myrcen 167 0,793 136,24 CioHis
1,4-Cineol 173 0,900 154,25 CioH;50
Limonen 176-177 0,843 136,24 CioHis
Eukalyptol 176-177 0,924 154,25 CioH;50
Kamfor 204 0,990 152,25 CioH;60
Menton 207-210 0,893 154,25 CioH;50
Borneol 208 1,001 154,25 CioH;50
Mentol 216 0,890 156,27 CioH200
Nerol 225-230 0,877 154,25 CioH;50
Thymol 232 0,965 150,22 CioH140
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z oblasti Pardubic sklizené v pribéhu roku 2009. Vsechny
vzorky byly rozdéleny na jednotlivé Casti (kvét, list, nat’)
a ususSeny pii laboratorni teploté. Skladovany byly na tem-
ném mist€ v tmavych lahvich v lednici (pfi cca 4 °C). Ana-
lyze byly podrobeny listy a kvéty Salveje 1ékarské (Salvia
officinalis L.) a levandule I¢ékatské (Lavandula
angustifolia L.). Standardy analyzovanych sloucenin,
jejichz prehled je v tab. I, v Cistoté prevysujici 90 % byly
pofizeny od firmy Sigma-Aldrich (Praha, CR).

Extrakce slozek silic metodou dLPME byly provadé-
ny v termostatu pii 70 °C bezprostfedné po temperaci
vzorku. Na hrotu mikrostiikacky byla vytlacena kapka
o velikosti 2 pl p-xylenu, ktera byla vzdy po 90 s doplnéna
o 1 ul Cerstvého rozpoustédla, a to az do celkové spotieby
5 ul p-xylenu. Pro stabilizaci procesu byly pred extrakci ke
vzorku pfidany 3 pl p-xylenu.

Pro metodu destilace s vodni parou, ktera byla prova-
déna dle normovaného postupu, bylo 20 g susené byliny
destilovano s 300 ml destilované vody, pfi¢emz sledované
slouceniny byly zachytdvany do vrstvy 1ml p-xylenu.
Destilace byla provadéna po dobu 4 hodin. Z rozdilu obje-
mi organické faze pred a po destilaci byl zjistén celkovy
objem silic ve vzorku.

Ziskané extrakty byly analyzovany na plynovém
chromatografu Hewlett-Packard 5890 (Hewlett Packard,
Avondale, PA, USA) s plamenovym ionizacnim detekto-
rem na kapilarni kolon¢ Ultra 2 o rozmérech 25 m x 0,32
mm, film 0,52 pm fenylmethylsilikon (HPST s.r.0., Praha,
CR). Podminky GC analyzy byly nasledujici: teplota na-
stiiku 250 °C, teplota FID detektoru 250 °C, nosny plyn
dusik (Cistota 4,6, Linde Gas a.s. Praha, CR) o pretlaku na
hlavé kolony 50 KPa) a s délicem toku v poméru 1:10.
Teplotni program byl nésledujici: pocatecni teplota 55 °C,
po 6 min nariist rychlosti 6 °C min™' do 120 °C, nérist
rychlosti 20 °C do 250 °C a tato teplota byla 5 min udrZo-
vana konstantni. Vyhodnocovani jednotlivych silic bylo
provadéno metodou standardniho pfidavku, pomoci né&jz
byla nejen potvrzena piitomnost sledovanych sloucenin,
ale i provedena kvantitativni analyza jednotlivych silic.

Vysledky a diskuse

Cilem této studie bylo optimalizovat jednotlivé ex-
trakéni podminky pro aplikaci techniky mikroextrakce
jednou kapkou v dynamickém provedeni pro stanoveni
zastoupeni rostlinnych silic, dosazené vysledky porovnat
s normovanou metodou vyuzivajici destilaci slozek silic
s vodni parou a zhodnotit tak pouzitelnost zvolené mikro-
extrakéni techniky pro tento typ analyz.

Nejprve byla provedena optimalizace jednotlivych
extrak¢nich parametrli, jakymi jsou volba extrak¢éniho
rozpoustédla a jeho objemu, zptisob a rychlost obnovovani
mikrokapky extrak¢niho rozpoustédla, teplota extrakce
a mnozstvi vzorku.

V souladu s normovanou metodou pro stanoveni ob-
sahu silic v bylinach zaloZenou na destilaci s vodni parou
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byl jako extrakéni rozpoustédlo zvolen p-xylen. Vzhledem
k velikosti pouZité mikrostfikacky (10 pl) a k pfedchozim
zkuSenostem se statickym provedenim mikroextrakce jed-
nou kapkou (SDME) byl pro extrakci silic z headspace
zvolen objem 2 pl p-xylenu.®’

Jako dostacujici mnoZstvi vzorku pro analyzu bylo
zvoleno 0,2 g susené byliny do 10 ml nadobky. Toto rela-
tivné malé mnozstvi vzorku bylo  vzhledem
k predpokladané citlivosti metody shledano jako dostatec-
né, avsak je tieba pfedpokladat, Ze se sniZujicim se mnoz-
stvim vzorku je tfeba vénovat vétsi pozornost odbéru do-
stateCné reprezentativniho vzorku a zajistit tak pfijatelnou
reprodukovatelnost dosazenych vysledku.

Pii predchozich experimentech s metodou SDME,
kdy bylo 70 °C vyhodnoceno jako vhodna extrakéni teplo-
ta, byla tato teplota zkoumana i pii dynamickém provede-
ni. Pfi této teploté bylo sledovano postupné odpaiovani 2 pl
kapky p-xylenu, pficemz kazdych 90 s byla kapka vtaZzena
zpét do mikrostiikacky a odeten zbyvajici objem p-
xylenu. Bylo zjisténo, Ze rychlost odpatfovani p-xylenu pfi
danych podminkach je téméf konstantni, pficemz béhem
90 s dojde k odpareni cca 1 pl. V nasledujicich experimen-
tech bylo zjistovano celkové mnozstvi p-xylenu vhodného
pro izolaci sledovanych sloucenin z bylin. Pii extrakci byl
pocateéni objem 2 pl p-xylenu kazdych 90 s navySovan
o 1 pl erstvého rozpoustédla. Bylo zjisténo, ze az do cel-
kového objemu 5 pl p-xylenu bylo mozné pozorovat na-
rust celkového mmnozstvi zachycenych slozek silic. Pii
vyssich objemech vSak dochazelo k poklesu koncentrace
sledovanych sloucenin v kapce, coz lze pravdépodobné
vysvétlit nardstajicim mnozstvim p-xylenu odpafeného
pfimo do headspace prostoru vzorkovaci nadobky, kde pak
dojde k rozpousténi silic i mimo extrakéni kapku. Celkové
mnozstvi 5 ul p-xyleny bylo tedy shledano jako postacujici
a bylo pouZito pro vSechny nasledujici extrakce.

Optimalizované podminky byly nasledn¢ aplikovany
na realné vzorky bylin uvedenych v experimentalni Casti.
Jednalo se konkrétné o listy Salvéje 1ékarské a kvéty levan-
dule lékarské. Chromatogramy dLPME extrakti obou
vzorkll jsou uvedeny na obr.1 a 2. Vyhodnoceny byly
i meze detekce (LOD) jednotlivych sloucenin pro danou
metodu. Bylo zjisténo, ze tyto hodnoty se pohubovaly
vrozmezi od 0,10 (eukalyptol) do 164,07 (thymol)
ng/100 g. Pomérné velky rozdil v hodnotach LOD je dan
t€kavosti jednotlivych sloucenin, kterd tak pifimo souvisi
s koncentraci dané slouceniny v headspace prostoru.

Oba zminéné vzorky byly pro srovnani analyzovany
i s vyuzitim metody destilace s vodni parou provadénou
v souladu s normovanym postupem. Dosazené vysledky
vcetné prislusnych hodnot reprodukovatelnosti vyjadre-
nych jako relativni smérodatné odchylky (RSD) jsou shr-
nuty v tab. IT a III. VSechny experimenty byly provadény
tiikrat (n=3).

Z tabulky 1II je patrné, Ze u vzorku Salvéje 1ékarské
byl nejvétsi obsah zjistén u eukalyptolu, a to pro obé pou-
zité metody. Dale byly v listech Salvéje 1ékatské identifi-
kovany borneol, o-pinen, kamfor a 1,4-cineol. Obsahy
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Obr. 1. Chromatogram extraktu $alvéje; 1 — a-pinen, 2 — 1,4-cineol, 3 — eukalyptol, 4 — kamfor, 5 — borneol
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Obr. 2. Chromatogram extraktu levandule 1ékarské; 1 — o-pinen, 2 — limonen, 3 - eukalyptol, 4 — kamfor, 5 — borneol

Tabulka II

Obsah silic ve vzorcich Salvéje 1ékatské (n=3)

Slozka silice dLPME Destilace s vodni parou
mg/100 g* RSD [%] mg/100 g* RSD [%]

a-Pinen 22,80 0,9 14,09 19

1,4-Cineol 0,77 15 0,71 9,1

Eukalyptol 130,55 16 58,78 8,0

Kamfor 16,61 2,9 7,56 10

Borneol 27,11 6,1 13,66 11

*Vysledky vyjadfovany jako hmotnost dané slouc¢eniny ve 100 g susené byliny

ostatnich sledovanych sloucenin uvedenych v experimen- Jak je uvedeno v tabulce III, v kvétech levandule
talni Casti byly pod hodnotami meze detekce pro danou 1ékai'ské byl zjistén nejvyssi obsah borneolu a kamforu,
slouCeninu. a to opét obéma pouzitymi metodami. V menSim mnozstvi

se vyskytovaly eukalyptol, limonen a a-pinen. Ostatni
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Tabulka IIT
Obsabh silic ve vzorcich levandule lékarské (n=3)

Posters

Slozka silice dLPME Destilace s vodni parou
mg/100 g* RSD [%] mg/100 g* RSD [%]
a-Pinen 1,84 15 0,58 15
Limonen 1,40 9,0 1,29 8,7
Eukalyptol 2,24 16 4,64 1,2
Kamfor 44,92 8,7 16,60 2,9
Borneol 210,17 4,5 43,60 0,7

*Vysledky vyjadfovany jako hmotnost dané slouceniny ve 100 g susené byliny

sledované slouceniny byly opét shledany pod hodnotami
detekenich limitd.

Jak 1ze z obou tabulek vypozorovat, jsou obé pouzité
metody, tedy dLPME a destilace s vodni parou, srovnatel-
né z hlediska kvalitativniho zastoupeni sledovanych slou-
¢enin. Obé metody jsou pfiblizn€¢ srovnatelné i z hlediska
reprodukovatelnosti, coz 1ze chapat i jako dikaz, ze 0,2 g
vzorku pouzitého pro metodu dLPME je mnozstvi dosta-
tecné reprezentativni.

Z hlediska kvantitativniho obsahu sledovanych slou-
¢enin Ize ve vysledcich pozorovat znaéné odliSnosti, které
jsou vsak dany predevsim odliSnymi mechanismy obou
zkoumanych metod. Tyto rozdily se nepodafilo eliminovat
ani pouzitim stejného zachytného rozpoustédla u obou
metod, kterym byl p-xylen. Dal§im rozdilem obou metod
je jejich rizna citlivost. V neposledni fadé mohou byt od-
uplné homogenni vzorky, ve kterych je problematické
sledované slou€eniny spravné kvantifikovat.

Zavér

Moderni extrakéni technika mikroextrakce jednou
kapkou v dynamickém provedeni (dLPME) ve spojeni
s metodou plynové chromatografie s plamenovym ionizac-
nim detektorem (GC-FID) byla pouzita pro analyzu slozek
silic v bylindch Jednalo se konkrétn€ o levanduli 1ékatskou

a Salvéj lékafskou,. Nejdiive byla provedena
experimentdlni optimalizace jednotlivych extrakénich

parametri. Nalezené podminky byly nasledné aplikovany
na extrakci silic z redlnych vzorkd bylin. Na ziklade¢
kvalitativniho a kvantitativniho zastoupeni slozek silic
u jednotlivych vzorkl bylin lze fici, Ze jednotlivé metody
maji riznou selektivitu a citlivost vi¢i stanovovanym
silicim. Metoda dLPME neni zcela selektivni pouze pro
hiife pfehlednych chromatogramech. Na zaklad¢ ziskanych
vysledkl lze fict, Ze vyvinutd mikroextrakéni metoda
miize byt vhodnou alternativou ke klasické metode
destilace s vodni parou pro stanoveni bylinnych silic. Mezi
jeji hlavni prednosti patii predevsim rychlost provedeni,
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kterd je ve srovnani s destilaci s vodni parou trvajici
4 hodiny vyrazn¢ kratsi.

Projekt byl realizovan diky financni podpore granto-
vych projektit Ministerstva skolstvi, mladeze a télovychovy
CR (projekt MSM 0021627502)
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Souhrn
Byla navrzena analytickd metoda zaloZen4 na mikro-
extrakci  jednou kapkou v dynamickém provedeni

(dLPME) s néslednou analyzou pomoci plynové chroma-
tografie s plamenovym-ioniza¢nim detektorem (GC-FID)
pro stanoveni vybranych slozek bylinnych silic. Uvedena
metoda byla po optimalizaci jednotlivych experimental-
nich parametrti aplikovana na vybrané vzorky bylin a do-
sazené¢ vysledky byly zhodnoceny a porovnany
s normovanou metodou zalozenou na destilaci s vodni
parou.
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Krucové slova: akrylamid, GC/MS/MS, kultivar

Abstrakt

Hlavnym mechanizmom vzniku akrylamidu je reak-
cia volnej aminokyseliny asparaginu s karbonylovymi
zliCeninami (napr. glukdza a fruktdza) ako sucast’ Maillar-
dovej reakcie, najma pri vysSej teplote (120 °C) a to pocas
tepelnej Upravy istého typu potravin ako lupienky, hranol-
ky, placky, cerealne produkty, kava a pod. Cielom prace
bolo zmonitorovat’ obsah akrylamidu v zemiakovych hra-
nolkéch, pripravenych zo 16 kultivarov zemiakov pestova-
nych na tzemi SR. Selekcoiu kultivarov s nizkym obsa-
hom sacharidov aso spravnym pomerom glukozy
a fruktdzy, ale aj s dodrzanim technologickych podmienok
pri zbere, skladovani a spracovani zemiakov'® mozno do-
siahnut’ niz§i obsah akrylamidu vo finalnom vyrobku. Hra-
nolky boli fritované pri teplote 170 °C, do dosiahnutia
zlatozltej farby. Koncentracia akrylamidu bola stanovena
metddou plynovej chromotagrafie s hmotnostnou spektro-
metriou (GC/MS/MS). Obsah akrylamidu varioval od
3812755 ugkg™' v zavislosti od kultivaru.

Uvod

Akrylamid (CH,=CH-CO-NH,) je biela krystalicka
latka s molekulovou hmotnost'ou 71,08. Je rozpustny vo
vode, acetone aetanole, ma vysoku mobilitu v pdde
a podzemnych vodach, je biodegradovatelny'®. Akrylamid
modze byt potencidlne pritomny v Zivotnom prostredi ako
dosledok antropogénnych, ale aj prirodzenych procesov. Je
zlozkou cigaretového dymu, ¢o indikuje jeho tvorbu pocas
zohrievania biologickych materidlov'’. Akrylamid sa
v ziadnej forme nepriddva do potravin, a teda jeho pritom-
nost’ v potravinach ma iny povod. Mdze to byt jednak
kontamindciou z vonkajSieho prostredia, kontaktom
s obalovymi materialmi, alebo Co sa ukézalo ako najprav-
depodobnejsie, samotnym vznikom akrylamidu pocas te-
pelnej Gpravy potravin. Za hlavny mechanizmus jeho vzni-
ku je vSeobecne povazovana reakcia medzi volnou gene-
ticky kodovanou neesencialnou aminokyselinou asparagi-
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nom a karbonylovymi zlic¢eninami ako stcast’ Maillardo-
vej reakcie, ktora patri medzi najvyznamnejSie a zaroven
najrozsirenejSie chemické reakcie pocas skladovania
a spracovania potravin'>?’. Akrylamid méze vzniknut
termicky indukovanou dekarboxylaciou asparaginu na 3-
amminopropanamid s naslednou deaminéciou zo samotné-
ho asparaginu, pri¢om nevyhnutnd je pritomnost’ redukuju-
cich sacharidov pre efektivnu konverziu asparaginu na
akrylamid*'. Rychlost jeho tvorby je aproximovana
z bimolekularnych reakcii glukozy, respektive fruktozy
s asparaginom™'. Ketosacharidy (fruktoza) su efektivnejsie
v tvorbe akrylamidu pri relativne nizkej teplote a nizkej
vlhkosti v porovnani s aldosacharidmi (gluko6za). Fruktoza
je dvakrat reaktivnejSia ako glukoza a dokonca 15x reak-
tivnejsia ako laktoza®. Sacharéza ako neredukujuci sacha-
rid neprispieva k tvorbe akrylamidu v niektorych potravi-
néach, napr. v medovnikoch® . Zemiaky maji sice relativne
vysoky obsah asparaginu (38-40 % z celkového obsahu
volnych aminokyselin), ale jeho koncentrécia je relativne
kongtantna'*®. Vicsi zasah do potencialnej tvorby akryla-
midu umoziluje reguldcia obsahu redukujucich sacharidov.
Niz§i obsah akrylamidu v zemiakovych vyrobkoch moéze
byt dosiahnuty selekciou kultivarov s nizkym obsahom
sacharidov a so spravnym pomerom glukozy a fruktozy,
ale aj s dodrzanim technologickych podmienok pri zbere,
skladovani a spracovani zemiakov'® . Kultivary zemiakov
s nizkym obsahom redukujucich sacharidov maju aj nizky
potencidl tvorby akrylamidu. Vplyvom skladovania docha-
dza k vyznamnej zmene. Znizenie teploty pod 8 °C ma za
nasledok drasticky ndrast potencidlnej tvorby akrylamidu
sposobeny prudkym narastom obsahu redukujucich
sacharidov”'""". Dalgim technologickym krokom na od-
stranenie asparaginu a sacharidov z povrchu ocistenych
zemiakov je blanZirovanie a premyvanie v horticej alebo
v studenej vode'**’. Teplotny rezim spracovania vyrobkov
je takisto dolezity, pretoZe tvorba akrylamidu sa zacina pri
teplote nad 100 °C a s rasticou teplotou v rozmedzi 120 az
210°C sa zvysSuje, ale zaroven stipa aj rychlost
degradacie®. To znamena, e niektoré vzorky obsahuji
viac akrylamidu pri vysokych teplotach, zatial’ ¢o iné na-
opak. Kvalita oleja, t.j. oxidacia oleja a hydrolyza oleja
nemaju Ziadny vplyv na tvorbu akrylamidu'. Fyzikalny
nastroj ako znizit' obsah tvorby akrylamidu do 95 % je
pouzitie nizko-teplotného vyprazacieho vakuového systé-
mu pre zemiakové lupienky'?.

Material a metodika

Z 16 druhov zemiakovych odréd (tabulka I), ktoré
boli ndhodne vybrané, boli pripravené hranolky.
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Popis jednotlivych odrod zemiakov

Odrdda Popis jednotlivych odrod zemiakov
ROSARA Skora odroda stredného az pevného varného typu, podlhovastého tvaru s ¢ervenou Supkou a Zltou duzi-
nou. Obsah skrobu v hl'uzach je okolo 13%.
AGRIA Stredne skora odroda s dsrnou zltou az Zltohnedou Supkou a sytozltou duzinou. Obsah skrobu v hl'uzach
je okolo 16-18%.
MONACO Vel'mi skora nova odroda, ZIta duZina Salatovej chuti.
BACARA Skora zltoSupka odroda so zltou duzinou. Obsah Skrobu v hl'uzach je okolo 13%.
MARANCA Stredne skora odroda so Zltou Supkou a svetlozltou duzinou. Obsahuje nizsie percento skrobu.
MARABEL Stredne skora odroda s hladkou Supkou a zltou duzinou. Obsah Skrobu v hl'uzach je okolo 14%.
PRINCESS Skoré odroda so Zltou Supkou a Zltou duzinou. Obsah skrobu v hl'uzéch je nizky.
ANDANTE Stredne skora odroda s vel'mi hladkou a jemnou Supkou, Zltou duZinou.
RED ANNA Stredne skora ¢ervenoSupka odroda s tmavoZzltou farbouy duZiny. Obsah Skrobu v hl'uzéch je na Grovni
14%.
LAURA Stredne skora odroda s hladkou Supkou a tmavozltou duzinou.
MARKIES Stredne neskora odroda, ma zItl stredne drsnu Supku a zIta duzinu.
AGATA Vel'mi skord odroda s hladkou Zltou Supkou. Obsah Skrobu v hl'uzach je na Grovni 14%.
RAFAELA Stredne skora odroda s hladkou Supkou.
IMPALA Vel'mi skora odroda s hladkou ZItou Supkou a svelozltou duzinou. Obsah Skrobu v hl'uzach je 12-14%.
VERA Vel'mi skora odroda s hladkou Zltou Supkou a zltou duzinou.
SOLARA Stredne skora odroda so Zltou Supkou a zltou duzinou. Obsahuje vyssie percento Skrobu.
Tabul’ka IT
Doba fritovania zemiakovych hranoliek
P35 ¢ 22 : 23 E ;385 5§ 6¢
= £ % £ %2 % 2 2 % 2 5 B 3 2 E ¢ o3
: 2 5 £ 2 B g 3 % O >
8 > - @ = 5
s
t,min 10,28 822 430 7,44 12,10 6,32 821 1510 5,00 10,00 12,10 3,12 439 5,18 7,49 1241

Hranolky boli nakrdjané na lcm hribku aboli fri-
tované pri 170 °C do zlatozlta. V tabulke II je doba
v minttach potrebnd na dosiahnutie zlatozltej farby.

Na stanovenie akrylamidu v hranolkach bola pouzita
metoda plynovej chromatografie s hmotnostnou detekciou.

Do odmerného valca sa navazi zhomogenizovana
vzorka. Prida sa vnutorny Standard D; akrylamid a redesti-
lovana voda a 10 min sa mixuje na Ultraturaxe. Obsah sa
prenesie do polypropylénovej centrifugacnej skumavky a
10 min sa centrifuguje pri 23 000 x g. Supernatant sa pre-
filtruje cez filter Whatman GF/A. Prid4 sa KBr, ktory mie-
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Sanim rozpustime. Upravi sa pH na 1-3 koncentrovanym
HBr, potom sa prida nasytena bromova voda a zamiesa sa.
Vzorka sa vlozi do l'adového kipela vtme anechd sa
reagovat’ 1 hodinu. Prebytok bromu sa odstrani pridanim
1 M Na,S3,0; . H,O opatrne po kvapkach az do odfarbenia.
Prida sa vyzihany Na,SO4 krazivym pohybom sa opatrne
zamieSa tak, aby vzniknutd zrazenina ostala neporuSena.
Roztok sa prevedie do 250 ml deliaceho lievika a extrahuje
sa 2x octanom etylnatym. Organickd fiza sa presusi cez
vrstvu  bezvodého Na,SO, a filter sa premyje octanom
etylnatym. Spojené organické fazy sa odparia do sucha na
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Tabulka III

Parametre nastavenia idnov akrylamidu a vnitorného Standardu akrylamidu D5

Analyt Rodicovsky i6n RT Produkovany i6n CID RF CID Volt
[m/z] [min] [m/z] [m/z] [V]

Akrylamid 152 11,08 135 48 20

D3-akrylamid 155 11,08 137 48 20

rotacnej vakuovej odparke (RVO). Rezidua sa rozpustia
v octane etylnatom. Takto pripravené rezidua vzoriek su
injektované ,,on column* do GC/MS/MS systému.

Teplotny program kolony CP Sil 24 CB LOW
BLEED/MS izotermicky 2 min pri 55°C, potom
17,5 °C min™" do 220 °C, dr7at’ pri 220 °C 2 min, 30 °C min™"
do 270 °C a izotermicky 3 min. Teplotny program injekto-
ra 0,2 min pri 65 °C, potom 150 °C min~" do 220 °C, izo-
termicky 10 min 220 °C a schladit’ na 65 °C. Nastrek je
1 pl. Analyza je prevedena pouzitim elekrénovej ionizacie
70 eV a selektivneho i6noveho monitoringu. Identifikacia
analytov je prevedena sledovanim rodicovskych idnov
a kvantifikacia analytov sledovanim produkovanych iéonov
podla tabul’ky III.

Vysledky a diskusia

Obsah akrylamidu v zemiakovych hranolkach bol
analyzovany plynovou chromatografiou s hmotnostnou
detekciou po bromacii akrylamidu. Pouzitd metdda je
akreditovand SNAS a validovand podla nariadenia
2002/657/EC. Spravnost’ metdédy bola overena ucastou
v medzindrodnych laboratdrnych porovnavacich testoch
s uspesnostou z-score do 1. Chromatograficky zaznam
standardu akrylamidu (koncentracia 100 pg 1™") + vnutorny

Chromatogram Plot CINSATURN\DATAN9121689M Date: 12/16/89 15:27:87
Comment: STANDARD 18APPB AA + S@PPB D3
Scan: 9 Z  Group: @ Retention: 18.13 RIC: 1383

m: 955  Seg: Masses: 107-153
Plotted: 708 to 1186 Range: 1 to 1186
674

1682 = 2021
-

135 137

Aach
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10.88

ot
1108
12.55

©
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Obr. 1. Chromatograficky zaznam Standardu akrylamidu
(koncentracia 100 pg I'") + vnitorny $tandard akrylamidu D
(koncentracia 50 ug 1)
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standard akrylamidu D; (koncentricia 50 pugl™) je na
obr. 1 a vzorky zemiakovych hranoliek odrody VERA je
na obr. 2.

Vysledky nameranych hodno6t akrylamidu
v jednotlivych typoch zemiakovych hranoliek su v tab. IV.

Z dosiahnutych vysledkov vyplyva, Ze na obsah akry-
lamidu vyrazne vplyva odroda zemiakov, zktorych st
hranolky vyrobené. Koncentracia akrylamidu sa pohybo-
vala v rozmedzi 381-2755 pg kg’l. Na vyrobu zemiako-
vych hranolkov s vhodné najmé odrody Maranca, Impala,
Rosara, Monaco, Agata, Andante a Marabel, kde sa name-
rané hodnoty akrylamidu pohybovali v rozmedzi 500 az
600 pg kg™'. V stidasnosti este nie je stanoveny maximalny
rezidudlny limit akrylamidu v jednotlivych potravinovych
komoditach. Opatrenia zamerané na zniZenie obsahu akry-
lamidu vo vybranych komoditach maji len odporucaci
charakter. Od roku 2007 clenské Staty Eurdpskej Unie
monitoruji hladiny akrylamidu, z dévodu ustanovenia
maximalneho rezidudlneho limitu. Prehl'ad nameraného
obsahu akrylamidu v zemiakovych hranolkach, ktoré boli
pripravené z réznych odrod zemiakov, méze v budiicnosti
pomdct’ vyrobcom pri vybere vhodnych odrod zemiakov.
Doba fritovania nemala vplyv na tvorbu akrylamidu
z dovodu, Ze vSetky hranolky boli fritované do dosiahnu-
tia zlatozltej farby.

Chromatogram Plot C:NSATURN\DATANG183808M

Comment: ODRODA ZEMIAKOU VERA  + SBPPB D3 RXS

Scan: 1888 Seg: 2 Group: B Retention: 18.64 RIC: 3808

Plotted: 508 to 1108 Range: 1 to 1281
552
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Obr. 2. Chromatograficky ziznam vzorky odrody VERA;
koncentracia akrylamidu 1680 pg kg™ + vnutorny §tandard akry-
lamidu D; o koncentracii 50 pg kg™
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Tabulka IV

Namerané hodnoty akrylamidu v jednotlivych odrodach zemiakov
O = > Z w oz Z ot > ~ . Z > = < A
: 388 2 :: £z E8 = £ 8 5 5 8¢
52 > £ 2 = £ 2 & 3z g z 3 > E %
8 cA Z W tr z = > ;

> © 2 o 3 . >

Akrylamid, 524 1283 535 1347 381 605 1677 577 687 2755 1153 556 1074 392 1680 868

ugkg

Zaver 8. Doyle E. : Reported free asparagine levels in foods:

January 2003.

Na stanovenie obsahu akrylamidu v zemiakovych
hranolkach bola pouzitda metoda plynovej chromatografie
s hmotnostnou detekciou. Na analyzu sa pouZzilo 16 rdz-
nych odréd zemiakov, z ktorych boli pripravené zamiako-
vé hranolky. Z vysledkov analyz vyplyva, Ze obsah akry-
lamidu vyrazne zavisi od zvolenej odrody zemiakov, ktoré
sa pouziju na vyrobu hranoliek a doba fritovania nema
vplyv na tvorbu akrylamidu z toho dévodu, ze vsetky hra-
nolky boli fritované do dosiahnutia zlatozltej farby.
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Introduction

In this study, high-performance liquid chromatogra-
phy was used for a quantitative determination of caffeic
acid and its derivatives including chlorogenic acid,
cichoric acid and echinacoside as the content compounds
present in the alcoholic extracts of Echinacea species'”.

To the most significant Echinacea species belong
Echinacea purpurea, Echinacea angustifolia and Echina-
cea pallida. Their importance lies in'*:
the content of a wide range of effective compounds
such as alkamides, caffeic acid derivatives, polyace-
tylenes and polyenes, polysaccharides and flavanoids
Echinacea species show antioxidative, antibacterial,
antiviral and antifungal properties. More recently,
Echinacea has been studied even as an inhibition of
HIV replication.

Echinacea occupies a fundamental place between
herbal plants that have been more and more used in
a treatment of various diseases.

Material and Methods

In the experimental part, the determination of the
total compounds content and echinacoside content in Echi-
nacea extracts was made. The extracts were produced by
pressurized solvent extraction (PSE) from Echinacea pur-
purea under various conditions’. Chemically pure stan-
dards of chlorogenic acid, cichoric acid, caffeic acid and
echinacoside have been chosen as those compounds,
whose content was determined in available Echinacea
extracts.

Pressurized solvent extraction was used to prepare
extracts from leaves, blooms and roots of Echinacea pur-
purea. Two mixtures of ethanol and water in different
ratios were used as solvent systems in combination with
three temperatures at a constant pressure to show the influ-
ence of temperature and a solvent composition on the
amount of extracted compounds.

The first solvent system (ethanol/water = 60/40, v/v)
was tested at 40, 60 and 80 °C as well as the second sol-
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vent system (ethanol/water = 40/60, v/v). For the extrac-
tion, 0.5 g of a dry plant material was used. The process
ran under the pressure of 15kPa in two cycles over
aperiod of 2 x 10 minutes. The system was rinsed with
nitrogen for 20 seconds between each cycle and 2 minutes
after the last cycle. Volume of a cartridge filled with
a sample and an inert support was 11 ml.

In this way, 12 samples were prepared. The next pro-
cedure of samples adjustment was identical with
a preparation of Echinacea products. The extracts were
filtered through Nylon microfilters (0.45 um) and diluted
up to 6-times depending on their individual concentrations.
Prepared samples were injected for HPLC analysis™.
Analyses were performed using Supelcosil™ LC-18-DB
column (25 cm x 4.6 mm; 5 um) that was heated to 35 °C
in a column oven. Isocratic elution was run using a mix-
ture of methanol and water in a ratio of 25:75 with an ad-
dition of 1 % of acetic acid as a mobile phase. Flow rate
was set at 1.0 ml min~' and the injection volume was 10 p
1. Chromatograms were recorded at the wavelength of
330 nm chosen on the base of an absorption spectrum
measurement of the caffeic acid standard solution. Detec-
tion at 330 nm showed the highest absorption of the solu-
tion, therefore this wavelength was used for the analyses.

Every morning, a pump was rinsed with the mobile
phase until all bubbles of the air were removed. Then the
whole chromatography system was rinsed for 15 minutes
before the analyses. Between the individual analyses, the
system was rinsed for 5 minutes. All analyses were made
three-times.

Results and Discussion

Samples marked with the index a in the Fig.2—4
were extracted in solvent containing 60 % of ethanol and
40 % of water, while samples marked with the index b
(Fig. 2—4) were extracted in a mixture consisted of 40 %
of ethanol and 60 % of water. Marks A, B, C (Fig. 1) de-
scribe root extracts and marks D, E, F (Fig. 1) describe
leaves and blooms extracts of Echinacea purpurea.

It is obvious that the most concentrated samples were
obtained when extracting at 80 °C (samples C, F, Fig. 1).
It holds for root extracts as well as for leaves and blooms
extracts independently on the solvent composition. Look-
ing at the solvent composition, a higher content of water
was more propitious (samples C2, F2, Fig. 1).

When extracting at 40 °C and 60 °C, conclusion is
not so evident. Temperature of 40 °C was more suitable
for the solvent system with 60 % of water in the case of
roots (Al, A2, Fig. 1). For leaves and blooms, it is better
to use more alcoholic solvent (D1, D2, Fig. 1).
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Fig. 1. Comparison of a Total Compounds Content in PSE
Extracts

The opposite situation happened at 60 °C, when more
alcoholic solvent was better for root extraction (B1, B2,
Fig. 1), but not for extraction of leaves and blooms (EI,
E2, Fig. 1).

Generally, when comparing the total content of the
effective compounds in the root and leaf-bloom extracts,
more compounds were extracted from the aerial part of the
plant. From Fig. 1, it is clear that the temperature influence
is much higher in the case of solvent with 60 % of water
than when using the mixture with 60 % of ethanol.

The highest content of echinacoside was found in the
leaf-bloom extract prepared at 80 °C in the solvent system
composed of 40 % of ethanol and 60 % of water (sample
F2, Fig. 2). When using ethanol/water = 40/60, high echi-
nacoside amounts with small differences were observed in
the individual leaf-bloom extracts prepared at 60 °C and
80 °C (samples E2, F2, Fig. 2). Generally, higher tempera-
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ture showed better results than lower one. Extraction of
roots gave the highest content of echinacoside running in
ethanol/water = 40/60 as a solvent system at 80 °C (sample
C2, Fig. 2). There the echinacoside content was remarka-
bly different compared to the other root extracts, except of
sample C1 (Fig. 2) in which the similar concentration of
echinacoside was found.

Values of the peak areas of the content compounds
and concentrations of echinacoside are shown in Tab. 1.

Concentration (ug.mL™")

Al Bl Cl1 DI El Fl1 A2 B2 C2 D2 E2 F2

No. of Sample

index 1 - EtOH/water = 60/40
index 2 - EtOH/water = 40/60
A-
- root extracts, 60°C

root extracts, 40°C

- root extracts, 80°C

- leaf-bloom extracts, 40°C
- leaf-bloom extracts, 60°C
- leaf-bloom extracts, 80°C

Mmoo W

Fig. 2. Comparison of Echinacoside Content in PSE Extracts

Table I
Overview of Echinacoside Content in PSE Extracts and Total Peak Areas
Sample Number Dilution Total Peak Area Echinacoside
[mV 5] . _
Peak Area Concentration [pg ml™]
[mV s]

Al 0 15868.322 190.985 4912
A2 2 17769.944 390.749 16.307
B1 2 10034.719 242.392 11.492
B2 2 5743.634 158.650 8.774
Cl 2 19294.878 467.080 18.785
C2 2 27312.370 625.770 23.935
DI 2 22213.820 243.927 11.542
D2 2 11205.463 192.730 9.881
El 4 10404.479 231.683 22.290
E2 4 14229.277 362.776 30.799
Fl1 4 16581.200 301.112 26.796
F2 6 16633.959 230.118 33.282

s780
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Fig. 3. Echinacea extracts (40 °C; K = roots; LK = leaves,

blooms ; a = EtOH/water = 60/40; b = EtOH/water = 40/60)
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Fig. 4. Echinacea extracts (60 °C; K = roots; LK = leaves,

blooms; a = EtOH/water = 60/40; b = EtOH/water = 40/60)
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Fig. 5. Echinacea extracts (80 °C; K = roots; LK = leaves,

blooms; a = EtOH/water = 60/40; b = EtOH/water = 40/60)

In Fig. 3, 4, and 5, there are Echinacea extracts show-
ing visible color differences indicating various concentra-
tions of compounds released from the herbal drug. Sam-
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ples labeled LK have a more expressive color indicating
the presence of leaves and blooms pigments.

Conclusion

The determination of the total compounds content

and echinacoside content in Echinacea extracts was made.
The extracts were produced by pressurized solvent extrac-
tion from Echinacea purpurea under various conditions.

Following conditions were found as the optimal:
Extraction at 80 °C and 15 kPa using a mixture of
ethanol/water (40/60, v/v) as a solvent system gave
the most concentrated samples at all.

Extraction at 60 °C and 15 kPa using a mixture of
ethanol/water (40/60, v/v) as a solvent system is
proper for a leaf and bloom material, while root mate-
rial is better to be extracted in ethanol/water (60/40,
v/v).

When extracting at 40 °C and 15 kPa using a solvent
system of ethanol/water (40/60, v/v), more concen-
trated samples were obtained from roots. In the case
of leaves and blooms, it is good to use ethanol/water
(60740, v/v).

The highest content of echinacoside was observed in
the root extracts as well as leaf-bloom extracts pre-
pared in ethanol/water = 40/60 at 80 °C and 15 kPa.
Isocratic method applied to the separation of the indi-

vidual compounds in the real samples was showed to be
unsatisfacory. The determination of the components by
high-performance liquid chromatography using a gradient
elution can be a base for the next study.
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ZMENY CHUTNOSTI SYRU EIDAMSKEHO TYPU BEHEM ZRANI

EVA VITOVA, EVA HYSKOVA, RADKA
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Eidamské syry patii do skupiny pfirodnich tvrdych
syrt s nizkodohfivanou syfeninou. Maji jemnou, nepfili§
slanou chut’ a ve srovnani s jinymi typy syrd velmi jemnou
(téméf neznatelnou) vini. Barva eidamu je nazloutla, pfi-
lisna bledost ukazuje na nedostateénou zralost'. V CR patfi
tyto typy syrt mezi spotiebiteli k nejoblibenéjsim. Obsah
tuku v susin€¢ byva 40 nebo 45 %, Eidam s niz$im obsa-
hem tuku (20 ¢i 30 %) je povazovan za Ceské specifikum.
Charakteristické organoleptické vlastnosti syra, tj. vzhled,
barva, chut’ a viiné (chutnost) a konzistence, jsou vysled-
kem spravné provedenych technologickych operaci
a spravné probihajicich mikrobiologickych procesi. Be-
hem vyroby syrt podléhaji vSechny slozky mléka tadé
fyzikalné-chemickych a biochemickych zmén, pfedevSim
v procesu zrani syr ziskava svou vyslednou strukturu, vini
a chut. K nejrozsdhlejSim zméndm patfi proteolytické
reakce, jejichz intenzita zavisi na celé fad¢ faktort, mezi
nimi diilezité misto zaujima délka zrani>. Doba zrani eida-
mu se pohybuje od 4 do 12 tydna'~.

Cilem této prace bylo sledovat zmény organoleptic-
kych vlastnosti syrti eidamského typu béhem procesu zra-
ni. Byly testovany vzorky eidamského saldmového polo-
tvrdého syra (50 % susina, 30 % tuk v suSin€) vyrobeného
spole¢nosti MILTRA B s. 1. 0. Méstecko Trnavka. Vzorky
byly odebirany od ukonéeni vyroby v tydennich interva-
lech az do pIné zralosti, kdy se syry expeduji. Vzhled,
viné, chut’ a textura syri byly hodnoceny senzoricky po-
moci 5-bodové ordinalni stupnice. Pro doplnéni byl prove-
den jesté profilovy test, kde se hodnotila intenzita vybra-
nych deskriptorti chuti (mlé¢né kyseld, hotkomandlova,
sladka, syrova, horka) a viiné (mlécné kysela, horkomand-
lova) taktéz podle 5-bodové intenzitni stupnice. Senzoric-
ké hodnoceni probihalo ve specializované senzorické labo-
ratofi. Jako hodnotitelé byly pouziti studenti a zaméstnanci
FCH VUT v Brné.

Charakteristickd chutnost syrii je vysledkem rovno-
vahy celé fady aromaticky aktivnich latek (AAL) vznikaji-
cich pfedev§im v pribéhu zrani. Z chemického hlediska se
jedna o tékavé slouceniny zahrnujici alkoholy, aldehydy,
ketony, niz§i mastné kyseliny, estery, laktony, terpeny
a dalsi. DalSim cilem této prace bylo sledovani vyvoje
identifikovanych AAL béhem zrani syru. AAL byly stano-
veny metodou solid-phase microextraction ve spojeni
s plynovou chromatografii (SPME-GC)*.

Vyznamné zmény (P<0,05) organoleptickych vlast-
nosti se vétsinou projevily az po 2—3 tydnech zrani, v této
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fazi se jiz pln¢ rozbihaji proteolytické zmény uvnitt syra.
Vzhled vzorki syra se v prub¢hu zrani ménil pomalu. Na
pocéatku zrani bylo na fezu syra patrné bilé jadro, které
béhem zrani s pokracujici proteolyzou mizi. Zralé eidam-
ské syry maji mit tuhé, svétle zluté té€sto s malymi nepravi-
delnymi oky. Celkovy vzhled a barva syri v pozd¢jsich
fazich zrani byly hodnoceny jako charakteristické a velmi
dobré.

U vin¢ nebyla béhem zradni zaznamendna statisticky
vyznamna zména (P<0,05). Ving syru eidamského typu je
velmi jemnd a jeji intenzita se vyznamné nezvysuje ani
v pozdgjsich fazich zrani. Na pocatku byla nékterymi hod-
notiteli identifikovand slabé tvarohova ving.

Chut syrit byla zpocatku hodnocena jako kysela,
mélo syrova a nevyraznd, az v posledni fazi zrani se obje-
vuje charakteristicka, jemné ofiskova, typicky syrova
a slana chut. Celkové byly vzorky hodnoceny jako velmi
dobré a chutné. Paradoxné se né€kterym hodnotiteliim zralé
syry zdaly jiz piili§ aromatické na eidamsky syr, coz svéd-
¢i o tom, Ze konzervativni ¢esky spotiebitel preferuje syry
méné vyrazné chutnosti. Béhem zrani syrt se mohou vy-
skytnout i rizné senzorické vady, typickym ptikladem je
hotka chut. Je zplisobena zpravidla peptidy s 2—25 amino-
kyselinami, které existuji v kaseinovém komplexu a pfi
jejich odstépeni se projevi jejich hotkost. V nékterych
ptipadech se pocatecni hotkost pii dalsim zrani ztrati, da-
vodem je pokracujici proteolyza, kdy hoiké peptidy jsou
déle degradovany na menSi peptidy nebo aminokyseliny,
které jiz hotkou chut’ nemaji. U nagich vzorkd hoikéa chut
nebyla detegovana, coz svéd¢i o spravném pribéhu prote-
olyzy.

V hodnoceni textury byla uvadéna pfedevsim vyrazna
tuhost, coz mize souviset s nizkym obsahem tuku v sy-
rech. Tuk zlstdva i ve zralych syrech nerozloZen a ovliv-
fiuje konzistenci, ale i zlepSuje chutnost syra. Kucukoner®
ve své studii zabyvajici se fyzikalné-chemickymi a reolo-
gickymi vlastnostmi u rizné tu¢nych eidamskych syrd
tucny.

Pomoci metody SPME-GC bylo ve vzorcich syra
identifikovano celkem 30 AAL. Z kvantitativniho hlediska
byly nejvyznamnéjsi: acetoin, acetaldehyd, butan-2,3-dion
(biacetyl), ethanol, kyselina octova a 2-methylpropan-2-ol.
Koncentrace ostatnich latek nepiesahla 1 pg g'. Celkovy
obsah AAL se v prib&hu zrani syra podle ocekavani zvy-
Soval, predevs§im na konci doby zrani (6 tydnd) doslo
k vyznamnému (P<0,05) nardstu. V této fazi se jiz plné
rozbihaji proteolytické zmény uvnitt syra nutné pro tvorbu
AAL, charakteristickych pro typ syra.

Celkem Ize shrnout, ze senzoricka kvalita syrii se
podle ocekavani béhem zrani zlepSovala. Dochazi ke zmé-
nam predevsim ve vzhledu, barvé a chuti syrd, nejprve
zvolna, po 2-3 tydnech zrani rychleji. Vzhledem k typu
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syra a predev§im s ohledem na nizky obsah tuku v susiné
(30 %) 1ze ocekavat konecnou chutnost jemnou a nepiili§
vyraznou®. Obsah AAL se bshem zrani syra zvySoval.
Nekteré latky prechdzi do syra z pouZzitého mléka, Cast
vznikd béhem vyroby, vétSina z nich se vSak tvoii az v
posledni fazi zrani. S tim souvisi vyvoj organoleptickych
vlastnosti syra, u vétSiny z nich se projevily statisticky
vyznamné zmény (P<0,05) az po 2-3 tydnech zrani. Cha-
rakteristicka chutnost syrti v plné zralosti odpovida naleze-
nému vysokému obsahu AAL. Vzorky byly expedovany
po necelych 2 mésicich zrani a uz v této dobé mély charak-
teristickou chutnost a byly hodnoceny jako velmi dobré.
Pti delsi dobé zrani se chut’ a ving syru dale zvyraznuje,
coz uz bylo hodnotiteli vniméno jako negativni. JelikoZz
dlouha doba zrani zvySuje naklady na vyrobu, je snahou
vyrobcti tuto dobu minimalizovat. Cesky spotiebitel je tak
zvykly na syry ne pln¢ zralé, které jsou bézn¢ dostupné na
nasem trhu.

ACP 2010 — Stcasny stav a perspektivy analytickej chémie v praxi
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A NORMETANEFRINU Z MOCE A Z KREVNI PLAZMY VZHLEDEM
K DIAGNOSTICE TUMORU FEOCHROMOCYTOMU
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Uvod

Stanoveni katecholamini a jejich O-methyl-
metabolitll, zejména metanefrinu (MN) a normetanefrinu
(NMN), je uzitecné v diagnostice tumoru chromafinnich
buné€k feochromocytomu (FEO). Tento typ nadoru synteti-
zuje, uklada a metabolizuje katecholaminy a vétSinou je
také vylucuje. Proto je mozné zvySené koncentrace kate-
cholamini a jejich metabolickych produkti v moci
a v plazmé vyuzit jako diagnostické markery tohoto typu
nadoru'. Nadprodukce katecholamini nadorem vede
u vétsiny pacienti k zvySeni krevniho tlaku, proto pode-
zieni na FEO vznikd pfevazné u pacientd s hypertenzi.
Existuje vice riznych druhi (fenotypti) FEO. Fenotyp
adrenergni produkujici pfevazné adrenalin, resp. jeho me-
tabolit MN, fenotyp noradrenergni produkujici pfevazné
noradrenalin, resp. NMN, a fenotyp smiSeny sekretujici ve
zvySené mife oba analyty soucasné. V piipad¢ adrenergni-
ho fenotypu FEO mivaji pacienti spiSe hypotenzi (nizky
krevni tlak), pfipadné¢ normotenzi (normalni krevni tlak)
a k vykyvim tlaku do vysokych hodnot dochazi zachvato-
vité®,

Stanoveni metanefrini je ¢asto upfednostiiovano pred
stanovenim katecholaminti. Jednim z diivodii preference
metanefrinit jako markerit FEO je kontinualni produkce
téchto latek nddorovou bunikou na rozdil od katecholami-
nd, které jsou produkovany jen periodicky. Také je zapo-
trebi si uvédomit, Ze katecholaminy jsou normalné produ-
kovany sympatoadrenomedularnim systémem, a nejsou
tedy specifické pro FEO. Rovnéz bylo zjiSténo, ze u paci-
enti s FEO pochazi pfevazna ¢ast nadprodukce NMN
aMN vplazmé zmetabolismu katecholamind v dieni
nadledvin, nikoli znadorovych bunék. Toho se vyuziva
zejména u takovych typi FEO, jejichz nadorové bunky
katecholaminy neprodukuji. Zde se stanovenim metanefri-
nt zamezi vzniku fale$n& negativnich vysledki’. Metanef-
riny také nejsou ovlivnény pfipadnym stresem pacienta
(napt. pfi odbéru krve) tolik, jako katecholaminy. Nartst
koncentrace metanefrinti u pacienti s FEO ptiblizné odpo-
vida velikosti nadoru.

Nejvice pouzivanou metodou pro stanoveni NMN
aMN vplazmé i vmoci je HPLC s elektrochemickou
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detekci (ED)*™®. Metanefriny z moce je mozné stanovit
rovnéz pomoci HPLC s fluorescen¢nim (FLD), nebo s UV
detektorem. V literatufe se casto hovoii také o kapilarni
elektroforéze v kombinaci s posledné jmenovanymi typy
detekce’ *. Uvedené typy detektorti je mozné pouzit
z toho divodu, ze koncentrace NMN a MN v moci se po-
hybuje v ¥adu nmol "', Koncentrace metanefrinti v plazmé
je priblizné 1000x nizsi, proto je nezbytné vybrat citlivéjsi
detekci. Néakladné;jsi alternativou pro stanoveni metanefri-
nu jsou separacni techniky ve spojeni s hmotnostni spekt-
rometrii'*"'®. Dali moznosti jsou imunochemické metody
zalozené na reakci se znafenymi  protilatkami'”'®.
U imunochemickych metod se poukazuje na problém zkii-
zenych reakci a analytickych interferenci’, rovnéz pofizo-
vaci cena imunochemickych souprav je vySsi.

Cilem této prace bylo porovnat vysledky metody
stanoveni volnych metanefrinii v plazm¢ pomoci HPLC-
ED a metody stanoveni konjugovanych metanefrind
v mo¢i (HPLC-FLD) vzhledem k jejich schopnosti dia-
gnostikovat FEO. Metoda stanoveni metanefrint v plazmé
HPLC-ED byla validovana v nasi publikaci' a jeji schop-
nost indikovat FEO zde byla porovnana s metodou, ktera
stanovuje volné katecholaminy v mo¢i pomoci HPLC-
FLD. Vysledky zpublikace plné odpovidaji procesim
probihajicim v metabolismu (viz vySe) a dokazuji, Ze sta-
noveni metanefrinti v plazmé je v diagnostice FEO oprav-
néné preferovano pred stanovenim katecholaminl v moci.
Vzhledem k tomu, ze védecké studie z posledni doby vy-
zdvihuji volné metanefriny z plazmy jako vibec nejcitli-
v&j§i marker FEO*™?', rozhodli jsme se pro doplnéni po-
rovnat stanoveni volnych  metanefrin  z plazmy
a konjugovanych metanefrini z moce v této publikaci.

Experimentalni ¢ast
Chemikalie

Stanoveni metanefrinii v plazmé (HPLC-ED)

Standardy — NMN ((£) normetanefrin hydrochlorid),
MN ((¢) metanefrin hydrochlorid) a HMBA (4-hydroxy-3-
-methoxybenzylamin-hydrochlorid) pouzivany jako vnitini
standard (Sigma-Aldrich, St.Louis, USA).

Chemikalie pro extrakci na pevné fazi (SPE) — hydro-
xid draselny (Penta, Chrudim, CR), hydroxid amonny
a dihydrogenfosfore¢nan amonny (Sigma-Aldrich,
St.Louis, USA), methanol, koncentrovana kyselina octova
a voda pro chromatografii (Merck KGaA, Darmstadt, N¢-
mecko).

Chemikalie pro pfipravu mobilni faze (MF) — aceto-
nitril, voda pro chromatografii, a kyselina fosforecna
(Merck, Darmstadt, Némecko), oktansulfonova kyselina,
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dihydrogenfosforecnan sodny, monohydrat a dihydrat di-
sodné soli ethylendiamintetraoctové kyseliny (EDTA)
(Sigma-Aldrich, St. Louis, USA).

Stanoveni metanefrinii v moc¢i (HPLC-FLD)

Standardy — NMN ((£) normetanefrin hydrochlorid),
MN ((£) metanefrin hydrochlorid) a HMBA (4-hydroxy-3-
methoxybenzylamin-hydrochlorid), pouzivany jako vnitini
standard (Sigma-Aldrich, St.Louis, USA).

Chemikalie pro hydrolyzu a extrakci na pevné fazi
(SPE) — pentaboritan amonny, dihydrat disodné soli kyse-
liny ethylendiamintetraoctové (EDTA), hydroxid amonny,
hydroxid sodny a octan amonny (Sigma-Aldrich, St.Louis,
USA), voda pro chromatografii, kyselina octova (Merck
KGaA, Darmstadt, Némecko), kyselina chlorovodikova
(Penta, Chrudim, CR).

Chemikalie pro pfipravu mobilni faze (MF) — metha-
nol, voda pro chromatografii a kyselina fosfore¢na (Merck,
Darmstadt, Némecko), kyselina oktansulfonova, dihydro-
genfosforeCnan sodny, dihydrat (Sigma-Aldrich, St.Louis,
USA).

Ptistroje a doplitkovy material

Stanoveni metanefrinii v plazmé (HPLC-ED)

Extrakce: ctyfiadvacetipolohovy vakuovy extraktor
(Phenomenex, Torrance, USA), SPE kolonky obsahujici
iontoméni¢ (Varian, Palo Alto, USA), davkovace kapalin
Seripettor (Brand, Wertheim, Némecko), vakuova odparka
Jouan RC10.22 (Saint-Herblain, Francie).

Chromatografie: HPLC systém Agilent 1100 slozeny
z odplynovace G1379A, kvartérni pumpy G1311A, auto-
sampleru G1329A, termostatu autosampleru G1330B,
termostatu kolony G 1316A (Agilent Technologies, Wil-
mington, USA), elektrochemicky (coulometricky) detektor
(ESA, Chelmsford, USA), predkolona SecurityGuard
[4.0x3.0 mm] a analytick4 kolona C18, velikost ¢astic 5 pm,
[250%4.6 mm] (Phenomenex, Torrance, USA).

Stanoveni metanefrinii v moc¢i (HPLC-FLD)

Hydrolyza a extrakce: Vodni lazeni (Falc Instruments,
Treviglio, Italie), SPE kolonky obsahujici katex a anex
(Bio-Rad, Mnichov, Némecko), davkovace kapalin Seri-
pettor (Brand, Wertheim, Némecko)

Chromatografie: HPLC systém Agilent 1100 slozeny
z odplynovace G1379A, kvartérni pumpy G1311A, auto-
sampleru G1329A, termostatu autosampleru G1330B,
termostatu kolony G 1316A, fluorescen¢niho detektoru
G1316A (Agilent Technologies, Wilmington, USA), ana-
Iyticka kolona C18, velikost Castic 5 um, [100x3 mm]
(Sigma-Aldrich, St.Louis, USA).

Podminky odbéru vzorku

Odber krve

Krev na stanoveni plazmatickych metanefrini je
odebirana na lacno pomoci kanyly a po ptedchozi dieté.
Omezeni urcitych potravin a 1ékd je zapotiebi z diivodu
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mozné interference pifi chromatografické analyze. Odbér
krve se provadi vleze nebo vsed¢, pacientovi se zavede
kanyla a po patnactiminutovém klidu se pfistupuje
k odbéru. Tim se nezvySuji hodnoty analytd stresem.
Po odbéru je nutné co nejrychleji oddélit krvinky od plazmy
centrifugaci, aby se sledované latky nerozkladaly. Jako stabi-
lizator pouzivame heparin a plazmu uchovavame pii —80 °C
do daliho zpracovani®.

Shér moce za 24 h

Mo¢ na stanoveni metanefrinii se sbira po dobu 24 h
do sbérné nadoby obsahujici 10 ml zfedéné kyseliny chlo-
rovodikové. Kyselé prostiedi zajistuje stabilitu analytd
a24 h sbér moce lépe vyhovuje danému ucelu nez sbér
ranni moce. B&hem tohoto intervalu je mozné zachytit
i exkreci katecholaminil pfi zachvatovité hypertenzi, ktera
mize nastat u pacienti s uréitym fenotypem FEO, viz vy-
Se. Nekolik dni pied sbérem a v jeho pribchu je nezbytné
dodrzet dietu a vyhnout se poziti ur¢ité medikace z divodu
eliminace interferujicich latek na chromatogramu.

Extrakce

Stanoveni metanefrinit v plazmée (HPLC-ED)

Extrakéni kolonky je nutné nejdfive aktivovat a pro-
myt. To je realizovano proplachnutim kolonek roztokem
10% hydroxidu amonného a 1% hydroxidu draselného
v methanolu a poté vodou. Nésledné je mozné aplikovat
vzorky plazmy spolu s vnitfnim standardem (IS) 4-hydroxy-
-3-methoxybenzylaminem (HMBA).

DalS$im krokem je promyti extrakénich kolonek rozto-
kem 10mmol I"' kyseliny octové v methanolu, poté
20 mmol ™! fosfore¢nanem amonnym o pH 8,5 a nakonec
vodou.

Analyty zadrZené na kolonkéach jsou nakonec eluova-
ny 10% hydroxidem amonnym v methanolu. Eluat je poté
odpaten na vakuové odparce a odparek rozpustén ve 300 pl
MEF. 40 ul roztoku je nakonec davkovano na kolonu kapa-
linového chromatografu19.

Stanoveni metanefrinii v moc¢i (HPLC-FLD)

Pro diagnostiku FEO se metanefriny z moce stanovu-
ji vkonjugované formé, proto je nezbytné analyty pred
extrakci nejdfive uvolnit z vazby. Vazané metanefriny se
v moéi vyskytuji pfevazné jako sulfaty nebo glukuronid-
metabolity”. K vyvazani pouzivame kyselou hydrolyzu.
Vzorky moce se nejdiive zcentrifuguji, ptida se vnitini
standard a pomoci kyseliny chlorovodikové se upravi pH
na 0,7-0,9. Poté se vzorky hydrolyzuji ve vodni lazni
o teploté 95-100 °C 30 min.

Na kationtové extrakéni kolonky se uvede hydrolyzo-
vany vzorek nafedény vodou 1:1, s pH upravenym na 6-7.
Soucasné se ptida 4% pentaboritan amonny a 0,1% EDTA.
Dale se kolonky dikladné proplachnou deionizovanou
vodou. Nasleduje ptidavek 3% hydroxidu amonného. Elu-
at z kationtovych kolonek se poté aplikuje na kolonky
aniontové, které se nasledné proplachnou vodou. Analyty
zadrzené na anexu jsou eluovany 2% octanem amonnym.
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K eluatu se prida 400 ul 6% kyseliny octové a 100 ul roz-
toku je nakonec davkovano na kolonu kapalinového chro-
matografu*.

Vysledky a diskuse

Porovnanim vysledkii metody stanoveni volnych
plazmatickych metanefrind (HPLC-EC) s vysledky stano-
veni konjugovanych mocovych metanefrint (HPLC-FLD)
bylo zjisténo, jak se vystupy metod shoduji a zaroven byla
ovérena jejich vypovidaci schopnost. Obé metody stanove-
ni metanefrini byly zavedeny na na§em pracovisti.

Spolehlivost metod byla vyjadiena diagnostickou
senzitivitou a specificitou. Senzitivita je definovana jako
pravdépodobnost, ze vysledek stanoveni bude vyhodnocen
jako pozitivni u nemocnych, specificita jako pravdépodob-
nost, ze vysledek bude oznacen jako negativni u osob
bez nemoci®.

Sledovali jsme spravné zatazeni vysledkl stanoveni
40 pacientli, u nichz byly metanefriny zméfeny obéma
metodami. Z téchto pacientii mélo 8 pacientit nador FEO
(pozitivni), zbyli pacienti prokazatelné¢ nador neméli
(negativni). Ovéfeni pfitomnosti (nepfitomnosti) FEO bylo
potvrzeno pocitacovou tomografii (CT) nebo magnetickou
rezonanci (MR), pfipadné histologicky.

P1i vypoctu senzitivity a specificity jsme vychézeli ze
skuteCnosti, ze pacient musi mit zvySenou koncentraci
bud” NMN nebo MN, piipadn¢ obou analytl soucasné,
aby byl zafazen jako pozitivni. Negativni pacienti (bez
nadoru) nesmi mit tedy zvySenou koncentraci NMN ani
MN. Z této ivahy a z definice senzitivity a specificity jsme
odvodili nasledné vztahy pro vypocet. Senzitivitu metod
jsme vypoditali jako podil spravné pozitivnich vysledka
bud’ NMN nebo MN a spravné pozitivnich vysledkt jed-
noho ztéchto analytii plus faleSné negativnich vysledkd
obou z analytl. Déle jsme urcili specificitu metod jako
podil spravné negativnich vysledkti obou analyt a spravné
negativnich vysledkd obou analytii plus falesn¢ pozitiv-
nich vysledkt bud NMN nebo MN.

Metodou HPLC-ED jsme na zakladé¢ stanoveni NMN
v plazm¢ spravné zafadili 38 pacientdl. 31 pacientli z 32
bez FEO jsme spravné urcili jako negativni a 7 pacientl
s FEO z 8 jako pozitivni, viz tab. I. Stanovenim MN jsme
spravné zafadili 30 z 32 pacientd bez FEO (negativni)
a vSech 8 pacientli s FEO jsme oznacili jako pozitivni. Je
zapotfebi uvést, ze koncentrace analytd u pacientii bez
nadoru, na zéklad€ kterych byli pacienti metodou Spatné
zatazeni jako pozitivni, byly pouze mirné zvysené
nad koncentracni hranici. Tato koncentracni mez byla sta-
novena v piedeslé publikaci'’a rozd&luje pacienty na ty,
kteti maji normélni hodnoty metanefrinii (bez FEO) a hod-
noty zvysené (s FEO). K tomuto mirnému naristu koncen-
trace analytli mohlo dojit napfiklad tzv. fenoménem bilého
plasté. Tento fenomén muze nastat vlivem rozruSeni paci-
entl napf. pfi odbéru krve a zplsobi zvySeni hladiny stre-
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Tabulka I
Pocet spravné zafazenych pacientl jednotlivymi metodami
z celkového poctu 40 pacientl

Spravné Stanoveni volnych  Stanoveni konjugo-

zafazeni metanefrint v vanych metanefrint

pacienti plazmé (HPLC-EC) v moci

(HPLC-FLD)

NMN MN NMN MN

Pacienti bez FEO (n=32)

Negativni 31 30 27 30

Pacienti s FEO (n=238)

Pozitivni 7 8 8 8
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sovych hormonil ve vzorku. Jeden z vySetfovanych pacien-
ta s FEO, ktery byl na zaklad¢ stanoveni NMN S$patné
zatazen jako negativni, mé¢l adrenergni fenotyp nadoru,
tedy zvySené produkujici pouze NM. Navic k tomu, aby
byl pacient zatazen jako pozitivni, staci zvySend hodnota
pouze jednoho z analyti, viz vyse.

Metoda HPLC-FLD zaradila vSech 8 pacientii s FEO
jako pozitivni vySetfenim NMN i MN. V ptipad¢ pacienta
s adrenergnim fenotypem nadoru se tedy ziejmé jedna
o chybu metody. P&t pacienti bez FEO tato metoda $patné
zatadila jako pozitivni na ziklad¢ stanoveni NMN a dva
pacienty stanovenim MN. Zde je opét nutné uvést, ze se
jednalo pouze omirné zvySeni hodnot analytd
nad koncentra¢ni mez.

Z uvedeného jsme vypocitali senzitivitu a specificitu
obou metod. Zjistili jsme, Ze ob¢ metody jsou 100 % sen-
zitivni. Specificita HPLC-EC metody stanoveni metanefri-
ni z plazmy je 94 % a specificita HPLC-FLD metody sta-
noveni katecholaminti z moc¢i 80 %. Driive publikovana
studie, ktera byla ovSem provedena s mnohonasobné vys-
$im poctem pacientll, uvadi senzitivitu a specificitu meta-
nefrintl v plazmé 99 %, resp. 89 % a senzitivitu a specifici-
tu metanefrind v moé&i 97 %, resp. 69 % (cit.”%).

Zaveér

Diagnosticka senzitivita potvrdila vynikajici schop-
nost obou metod spolehlivé urcit pacienty s nadorem. Na
zakladé nizsi specificity, zejména u HPLC-FLD metody
stanoveni konjugovanych metanefrini v moci, lze vyji-
mecéné faleSné pozitivni hodnotu pfipustit. Jedna se pouze
o mirné zvyseni koncentrace jednoho z analyti nad stano-
venou mez. Z uvedenych vysledki vyplyva, ze obé analy-
tické metody jsou velmi spolehlivé v diagnostice nadoru
feochromocytomu.

Prdce vznikla za podpory vyzkumnych zamérii Minis-
terstva Skolstvi, mladeze a télovychovy Ceské republiky
MSM 0021620807 a MSM 0021620808.
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Determination of catecholamines and their O-methyl
metabolites normetanephrine (NMN) and metanephrine
(MN), in biological fluids plays an important role in the
diagnosis of pheochromocytoma (PHEO) — chromaffin
cells tumor.

The aim of the study was to compare a HPLC-ED
method for the determination of methanephrine and nor-
methanephrine in blood plasma and a HPLC-FLD method
for the determination of the same analytes in conjugated
form from urine. Both methods interpret the results in rela-
tion to the presence of PHEO. The ability of methods to
distinguish the patients with and without PHEO has been
proved.

The sensitivity and specificity of methods in tumor
diagnosis has been calculated. It has been shown that the
sensitivity of both methods has reached 100%, the speci-
ficity of methods is lower (94% for the HPLC-ED method
and 80% for the HPLC-FLD). The sensitivity shows excel-
lent ability of both methods to recognize the patients with
PHEO. Weaker specificity mainly of the HPLC-FLD
method rarely admits false-positive results.
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NOVE PRISTUPY KU STUDIU KINETIKY BIOSORPCIE ORGANICKYCH FARBIV

LUBOS VRTOCH, MARTIN PIPISKA,
MIROSLAV HORNIK a JOZEF
AUGUSTIN

Katedra biotechnoldgie, Fakulta prirodnych vied, Univer-
zita sv. Cyrila a Metoda v Trnave, Nam. J. Herdu 2,

917 01 Trnava, Slovenskad republika
lubos.vrtoch@ucm.sk

Uvod

Biosorpcia je zlozity fyzikalno-chemicky jav, ktory
sa intenzivne Studuje uz niekol’ko desatroci. Procesy bio-
sorpcie vyznamne ovplyviluju migraciu latok v Zivotnom
prostredi pri€om sucasne predstavuju alternativnu metddu
ku konvenénym metdédam odstrafiovania toxickych latok
zo znetistenych vod'. Biosorpény proces mozno §tudovat
z dvoch hladisk a to z hl'adiska kinetiky a rovnovahy. Ki-
netika biosorpcie je oproti sorpcnej rovnovahe menej pre-
Studovana z dovodu jej komplexného charakteru iz toho
dovodu, Ze rovnovéazne Stadie predstavujl len limitny pri-
pad kinetiky, ked’ ¢asovo premenlivy systém prechadza do
rovnovahy. Podl'a si¢asného stavu poznania sorpény pro-
ces moze byt opisany nasledujiicimi za sebou iducimi
krokmi: (i) prestup latky v objeme roztoku; (ii) diflizia
latky cez kvapalinovy film, ktory je vytvoreny okolo Castic
sorbentu; (iii) diftzia latky v kvapaline nachadzajlicej sa
v poroch sorbentu a pozdiz stien porov (vnitrogasticové
difuzia); (iv) adsorpcia a desorpcia Castic latky na/z po-
vrchu sorbentu?. Celkova rychlost’ sorpcie méze byt kon-
trolovana ktorymkol'vek z vyssie spomenutych krokov,
pri¢om je mozna aj kombinacia tychto krokov. Pri rieSeni
kinetiky sorpcie sa vychadza z urcitych teoretickych pred-
pokladov, na zaklade ktorych boli navrhnuté r6zne kinetic-
ké modely opisujlice sorpciu latok z roztokov na tuhu fazu.
Prikladom je tedria absolutnej rychlosti (teéria ART)
a tedria Statistickej rychlosti (teoria SRT). Iny pristup ku
§tadiu kinetiky pouzili Brouers a Sotolongo-Costa’. Tito
autori na zéklade prac®'' navrhli zovieobecnent rovnicu
fraktalovej kinetiky, ktora berie do uvahy komplexnost’
adsorpcného procesu a fraktdlovy povrch sorbentu. Do
sucasnosti bolo publikovanych viacero prac, ktoré sa za-
oberali vyuzitim tedrie fraktdlovej kinetiky pri Stadiu
sorpénych procesov'?™®. Touto pracou chceme poukazat
na moznost’ vyuzitia tejto tedrie pri skiimani kinetiky bio-
sorpcie organickych latok. V praci bola studovana kinetika
sorpcie organického farbiva safraninu O biomasou hib 4.
bisporus ako zndmym sorbentom toxickych organickych
latok'*"7.
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Experimentalna cast’
Organické farbivo

Ako model organického farbiva bolo vybrané katio-
nové farbivo safranin O (CyH;9N4Cl; M, 350,84 g mol™';
C.I. 50240; Aldrich) o cistote ~ 80 %. Vsetky pracovné
roztoky boli pripravené rozpustenym znameho mnoZstva
farbiva v destilovanej vode. Pociatocné pH roztokov bolo
upravené na 6,0 pridavkom 1 M NaOH. V d’alSom texte
budeme pouzivat pre toto farbivo skratku SAF.

Biosorbent

Pre stadium kinetiky sorpcie SAF boli ako biosorbent
pouzité komerc¢ne dostupné plodnice makrohuby Agaricus
bisporus, v obchodnej sieti distribuované pod nazvom
Sampifiony. Pred Gpravou boli plodnice oplachnuté destilo-
vanou vodou a mechanicky rozdelené na klobuky, stopky
a sporovu vrstvu. Pre d’alSie spracovanie boli vybrané klo-
buky, ktoré predstavuju najvacsiu Cast’ biomasy plodnic
A. bisporus. Klobiky boli narezané na malé kusky
a vysusené pri teplote 60 °C pocas 24 h. Po vysuseni bola
biomasa niekolkokrat premytd destilovanou vodou pre
odstranenie vodorozpustnych latok. Nésledne bola bioma-
sa znova vysuSend pri 60 °C pocas 24 h. VysuSend bioma-
sa sa d’alej pomlela anasledne frakcionovala s vyuzitim
normovanych sit. Pre biosorpcné experimenty bola vyuzita
frakcia 150-310 pum.

Kinetické experimenty

Kinetické experimenty boli uskuto¢nené vo vsadzko-
vom usporiadani pri teplote 20 °C. Do Erlenmayerovych
baniek (50 cm®) s 10 cm® roztoku SAF o koncentracii 140,
235 alebo 350 mg dm™ a s poiatoénou hodnotou pH 6,0
sa pridalo 30 mg biosorbentu, banky sa uzavreli parafil-
mom a umiestnili na trepacku (200 rpm). V Casovych in-
tervaloch (0—-300 min) bola z jednotlivych baniek odobrata
kvapalna vzorka, ktord bola bez potreby centrifugacie
vhodne zriedenad destilovanou vodou a spektrofoto-
metricky analyzovand pre zvySkovil koncentraciu SAF.
Sorpcia SAF (g, mg g ™) v danom ¢&ase ¢ (min) bola vypo-
¢itand z rovnice

. - C-C (1)
! w
kde C, (mgdm™) je pociatotnd koncentracia

SAF vroztoku, C; (mg dm’3) je koncentracia SAF
v danom ¢ase ¢ (min), W (g) je navazok biosorbentu (such.
hm.) a ¥ (dm®) je objem roztoku SAF.
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Stanovenie safraninu O

Vzorky s obsahom SAF boli analyzované spektrofo-
tometricky s vyuZzitim UV/VIS spektrofotometra Genesys
10UV (Thermo-Spectronic, USA) pri vlnovej dizke
518 nm v kremennej kyvete o hribke 1 cm. Koncentracia
farbiva bola od¢itana z kalibracnej priamky. Kalibracia
bola spravena zo sériou 10 Standardnych vodnych rozto-
kov SAF v koncentraénom rozmedzi 1 az 10 mg dm™ pri
pH 6,0 a 20 °C s pouzitim 1 cm kremennej kyvety. Kalib-
raciou sa  ziskala kalibratna funkcia: Abs
(0,0886+0,0004)C s R?=0,9994; kde Abs je absorbancia
a C je koncentracia farbiva v mg dm™.

Kinetické modelovanie a Statisticka analyza

Pre hodnotenie casovych zavislosti sorpcie SAF bio-
masou 4. bisporus sa vyuzili kinetické rovnice, ktorych
parametre boli odhadnuté nelinearnou regresnou analyzou
s vyuzitim algoritmu Levenberg-Marquardt. Regresna
analyza bola uskuto¢nena s pouzitim pocitacového softvé-
ru OriginPro® 7.0. Statisticka vyznamnost odhadnutych
parametrov bola hodnotena podl'a Standardnej neistoty, #-
testu a p-hodnoty na hladine vyznamnosti 0,05. Pre posu-
denie kvality regresnych modelov boli pouzité nasledovné
kritéria:

1. Koeficient determinacie (R)

m
Z(qi,mod - q)2
RZ — i=1

m
Z (Qi,exp - Q)Q
i=1

)

2. Sucet Stvorcov rezidualnych odchylok (SSE)

m (3)
SSE = Z(q;,mod ~Grexp)”

i=1

3. Standardna neistota modelu (SEE)

1 m
SEE = \/m—_p;(q,-,mod ~Giexp)’

“)

4. Akaikeho informacné kritérium upravené pre maly po-
¢et merani (41C¢)

)
Z (qi,mod - qi,cxp )2

AIC, = mIn[-=L pt2

m—-p-—

1+2(p+1)+2(p +1)(

5)
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kde g;moa je i-ta hodnota sorpcie (mg g') odhadnuta mo-
delom, g;.x,je i-t4 experimentalne zistena hodnota sorpcie
(mg g™"), m je po&et experimentalne nameranych hodnot
i .exp vV danom Casovom rozpiti, p je poCet parametrov re-
gresného modelu a ¢ je priemerna hodnota sorpcie, ktora
je dana vyrazom

m (6)
Z qi,exp
T S—
m
Vysledky a diskusia

Diferencialnu rovnicu fraktalovej kinetiky navrhnutej
Brouers a Sotolongo-Costa’, zktorej sme vychadzali
v tejto praci, mozno napisat’ v tvare

dq,,(0)

dt”

= Kn,a [qe - QM,a (t)]n (7)

kde ¢, (mg g™") je sorpcia v &ase ¢ (min), ¢, (mgg™') je
sorpcia v rovnovahe, K, , (2" mg' ™ min™) je konstanta, n
je poriadok reakcie, a je fraktadlovy casovy index priCom 1/
a je mierou energetickej heterogenity systému a * (min®)
je fraktalovy cas.

V zavislosti od hodn6t parametrov n a oo dostdvame
rieSenim diferencialnej rovnice (7) rézne typy kinetickych
modelov.

Ak n =1, a = 1, dostavame kineticky model pseudo-
prvého poriadku:

dq(t
O K [g. - 0] > g, a1 -exp-K 0] (O
Ak n = 2, a = 1, dostdvame kineticky model pseudo-
druhého poriadku:

dq(t
O Kfg - g0F > g, = g2t 144Kt (0

Ak n =1, a # 1, dostdvame rovnicu fraktalovej kinetiky
typu (1, o) (t.j. rovnicu Weibullovho rozdelenia):

(10)

_dg, (1)

TR K,lq. -9, q, =q.[1-exp(=(t/7,)*)]

Ak n# 1, a =1, dostavame kineticky model pseudo-n-tého
poriadku:

(11)

_4dq(0)

o - Kilae—a@1" >4, =4, ~[q)" - K, t(1-m]"""
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Ak n# 1, a# 1, dostivame vSeobecnu rovnicu fraktalovej
kinetiky (7, o):

q,(n,a)=q,[1-(1+(n-1)t/7,,)*) """ ™"] (12)

kde 7,, je charakteristicky ¢as (min), ktory je dany vyra-
zom

)—l/a

Tna = (q571K11,a (13)

Rovnica fraktalovej kinetiky (n, o) umoziuje definovat
,polcas reakcie” 1y, (min). Pod ,,pol¢asom reakcie* rozu-
mieme cas, za ktory dojde k sorpcii latky v mnozstve ¢./2
(mg g7Y). 7;» je definovany rovnicou

T2 = z-rt,ozl:_lnn(1/2')]1/0! (14)

kde deformovany n-logaritmus je dany vyrazom'®

(15)

I-n _
In /2=82 "1
—n

Kinetické modely pseudo-prvého a pseudo-druhého
poriadku boli doteraz intenzivne vyuzivané pre opis kineti-
ky biosorpcie anorganickych i organickych latok ako cisto
empirické vztahy bez racionalneho vysvetlenia™. Aviak
ako vyplyva z predchadzajucich vztahov, tieto rovnice
mozno interpretovat’ ako limitny pripad fraktélovej kineti-
ky, ked index a je rovny jednej. Nedavno Azizian
a Fallah'® navrhli nova empiricku rovnicu, ktora sme tiez
pouzili vtejto praci pre opis kinetickych dat.
V diferencidlnom tvare mozno tito rovnicu napisat’ nasle-
dovne

n—-1

qg n n
—)g. —q,)
qe

%:k ( (16)

dt

Integrovanim rovnice (/6) v hraniciach ¢, =0 pri¢t=0a ¢,
= ¢, pri t = t dostavame rovnicu, ktora autori nazvali rovni-
cou modifikovaného pseudo-n-tého poriadku

q, =q.[1-exp(-nk,q."'H)"""] (17)

kde 7 je poriadok reakcie, &, (2" mg' ™ min™") je rychlost-
na konstanta a ¢, (mgg™') je sorpcia v rovnovéhe. Tato
rovnica na rozdiel od rovnice (/2) prechadza pri n = 1 na
rovnicu pseudo-prvého poriadku (rov. §).
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Vysledky regresnej analyzy pre jednotlivé kinetické
modely st uvedené v tabulkéch I a II. Vhodnost’ jednotli-
vych modelov pre opis experimentalnych dat sme skumali
z dvoch hladisk.: zhladiska vyznamnosti modelu ako
celku (skiimanie tesnosti prelozenia experimentalnych
bodov regresnymi krivkami) a z hl'adiska Statistickej vyz-
namnosti regresnych koeficientov. V tab. I st uvedené
hodnoty kritérii uréujuce vhodnost modelu ako celku: R,
SEE, SSE a AIC. (pozri Experimentalna Cast). Literatra
uvadza ako najmenej vhodné kritérium R’. Podobne aj tato
praca potvrdzuje tuto skutocnost. Oproti ostatnym trom
kritériam, kritérium R’ sa javi ako najmenej citlivé pre
posudenie tesnosti preloZenia bodov regresnou krivkou.
Malé rozdiely medzi jednotlivymi hodnotami R’ robia toto
kritérium v podstate nepouzite'né pri vybere najvhodne;j-
Sieho modelu. Nevyhodou tohto kritéria je, Ze vobec nebe-
rie do uvahy pocet experimentalnych bodov (m) ani pocet
parametrov regresného modelu (p), o st dolezité premen-
né uréujlce stupent volnosti systému. Z tohto hl'adiska sa
javi ako najvhodnejie kritérium A/C.*. Nami zistené hod-
noty AIC¢ potvrdzuji adekvatnost’ pouzitia tohto kritéria
pre hodnotenie regresnych modelov. Podl'a tohto kritéria
sa javi ako najvhodnej$i model fraktalovej kinetiky (n,a).
Ako druhy najlepsi model mozno povazovat’ rovnicu pseu-
do-n-t¢ho poriadku (rovnica /7). Vhodnost’ ostatnych mo-
delov je podstatne mensia. Empiricka rovnica (17), navrh-
nutd Azizian a Fallah' s ciefom ziskat univerzalnejsiu
rovnicu v porovnani s modelmi pseudo-prvého a pseudo-
druhého poriadku, sa neukdzala ako vhodny model pre
opis Casove] zavislosti biosorpcie SAF. Ak porovname
hodnotu kritérii v zévislosti od poc€iatocnej koncentracie
SAF, mozeme vidiet, ze vhodnost’ vSetkych kinetickych
modelov klesd srastlicou koncentrdciou SAF. Napriek
tomuto javu zostava fraktalova kineticka rovnica (/2) naj-
lepSim modelom opisujicim ¢asova zavislost’ sorpcie SAF
biomasou 4. bisporus ¢o potvrdzuju aj grafické zobrazenia
regresnych zavislosti kinetiky sorpcie SAF (obr. 1).

Pri hodnoteni schopnosti regresnych modelov opisat’
z4vislost’ sorpcie v celom ¢asovom rozpéti, v ktorom bola
sorpcia SAF sledovana, sme vyuzili relativau chybu (RE)
definovanu vztahom'

(18)

RE = qimod ~ qi,exp

qi ,exp

Z rovnice (18) vyplyva, ze RE = 0 ak gimod = Giexps
v inych pripadoch je RE # 0, pricom hodnota RE bude tym
viac vzdialena od nuly ¢im vacsi bude rozdiel medzi mo-
delovou hodnotou (g;m.s) @ experimentdlne nameranou
hodnotou (g; ). Zavislosti RE na Case ¢ pre kinetické mo-
dely pouZité v tejto praci si na obr. 2. Z grafickych zavis-
losti je zrejmé, Ze vSetky pouzité modely maju vyssie hod-
noty RE v pociato¢nych fazach sorpcie (prvé minuty sor-
peie). Tuato skutoénost’ zistili aj Azizian a Fallah'® pri kine-
tickom modelovani sorpcie organickych latok na aktivne
uhlie a zivice. Napriek tomu tieto zavislosti potvrdzuju,
ze vSeobecna rovnica fraktalovej kinetiky (n,0) je najvhod-
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Tabulka I
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Hodnoty vybranych kritérii pre posidenie vhodnosti kinetickych rovnic ako nelinedrnych regresnych modelov pre opis

kinetiky sorpcie safraninu O biomasou 4. bisporus

Kineticky model C, farbiva R? SEE SSE AICc
[mg dm™]
Fraktalova kinetika (r, o) 140 0,9998 0,216 0,745 -46,9
235 0,9996 0,429 2,573 -16,6
350 0,9989 0,808 9,133 4,89
Fraktalova kinetika (1,0) 140 0,9988 0,479 3,897 -19,2
235 0,9975 1,090 17,83 12,1
350 0,9956 1,549 35,98 24,0
Pseudo-n-ty poriadok 140 0,9994 0,357 2,163 -30,4
235 0,9990 0,693 7,211 -3,25
350 0,9985 0,916 12,59 6,23
Modifikovany 140 0,9987 0,510 4,431 -16,8
pseudo-n-ty poriadok
235 0,9968 1,223 22,44 16,1
350 0,9941 1,802 48,70 29,2
Pseudo-prvy poriadok 140 0,9985 0,523 4,930 -18,0
235 0,9960 1,341 28,78 16,7
350 0,9907 2,188 76,63 33,4
Pseudo-druhy poriadok 140 0,9847 1,677 50,61 26,2
235 0,9904 2,063 68,12 31,4
350 0,9950 1,607 41,30 22,9

R’ — koeficient determinacie; SSE — $tandardn4 neistota modelu; SSE — stdet §tvorcov rezidualnych odchylok; AIC. — Aka-
ikeho informacné kritérium upravené pre maly pocet merani

nejSim modelom pre opis kinetiky sorpcie SAF biomasou
A. bisporus.

Odhadnuté parametre kinetickych modelov su uvede-
né v tabulke II. VSetky parametre, okrem parametra £k,
modifikovaného pseudo-n-tého poriadku, st Statisticky
vyznamné na hladine vyznamnosti 0,05 ( < 0,0001) na ¢o
poukazuju aj uvedené Standardné neistoty parametrov
(vysledky t-testu nie st uvedené). Z tabulky II vyplyva, Ze
vSetky pouzité modely davaju vel'mi podobné odhady pa-
rametra ¢,, pricom vel’kost’ odhadu tohto parametra narasta
so zvicsujucou sa pociatoénou koncentraciou SAF. Hod-
nota tohto parametra odhadnutd modelom fraktalove;j kine-
tiky sa pohybuje v rozmedzi 43,5 a7 74,4 mg g .

Dolezitym kinetickym udajom pre objasnenie mecha-
nizmu sorpcie je poriadok reakcie. NajbeznejSimi modelmi
pouzivanymi pre opis kinetiky sorpcie z vodnych roztokov
na pevnu fazu si modely pseudo-prvého a pseudo-druhého
poriadku® hlavne z dévodu ich matematickej jednoduchos-
ti (rovnice su linearizovatel'né) a jednoduchej interpretacie
kinetickych parametrov. Avsak ako uvadza Liu a Liu*' nie
je vhodné opisovat’ kinetiku sorpcie pseudo-prvym, pseu-
do-druhym alebo akymkol'vek inym poriadkom pokial’ nie
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je znamy mechanizmus sorpcie. Z uvedeného dovodu tito
autori navrhli na zéklade efektivnej koncentracie miest
dostupnych pre sorpciu na povrchu sorbentu vseobecnu
kineticku rovnicu pseudo-n-té¢ho poriadku (/7), ktorti sme
vyuzili v tejto praci ako limitny pripad fraktalovej kinetic-
kej rovnice, ked’ index o = 1 (rov. /2). Z tab. I a Il je vi-
diet, Zze kinetické modely reprezentované rovnicami (§),
(9) a (10) st nevyhovujuce, ¢o vyplyva zo skutoCnosti, zZe
poriadok reakcie sa meni v zavislosti od efektivnej kon-
centracie dostupnych miest na povrchu sorbentu a teda by
sa mal menit aj spociatocnou koncentraciou SAF
v roztoku Co tato praca potvrdzuje. Na zaklade fraktalovej
kinetiky (n,0) sme zistili, ze poriadok reakcie narasta
s poCiatocnou  koncentraciou SAF zhodnoty 1,4
(Co=140 mg dm™) na 1,9 (C,=350 mg dm™). Pri pouziti
modelu pseudo-n-tého poriadku, poriadok reakcie tiez
narasta s pociatocnou koncentraciou SAF ato zhodnoty
1,2 na hodnotu 1,5. Tieto vysledky si v zhode
s predstavou, ze pri nizSich koncentraciach SAF dochadza
najprv k sorpcii na tie aktivne miesta na povrchu sorbentu,
ktoré vykazuju najvyssiu afinitu ku SAF a az po obsadeni
tychto miest dochadza k obsadzovaniu dalS§ich miest



Chem. Listy 104, s788—s795 (2010) ACP 2010 — Sucasny stav a perspektivy analytickej chémie v praxi

Tabulka II
Hodnoty kinetickych parametrov Siestich modelov pouZzitych pr
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e opis biosorpcie safraninu O biomasou A. bisporus. Para-

metre boli odhadnuté nelinearnou regresnou analyzou s vyuzitim algoritmu Levenberg-Marquardt. Hodnoty parametrov su

uvedené v tvare: bodovy odhad + Standardna neistota

Kineticky model
Co fagblysa Fraktalova Fraktalova Pseudo-n-ty Modifikovany Pseudo-prvy Pseudo-druhy
[mg dm™] kinetika (n, o)  kinetika (1, o) poriadok pseudo-n-ty poriadok poriadok
poriadok
140 qe =43,540,1  q.=43,240,2 q.=43,4£0,2 Qe =43,240,2 qe =43,10,2 qe = 45,9+0,6
n=1,44+0,06 1,=6,07+0,11 K,=0,098+0,011 k,=0,115+0,028 K, =0,165+0,003 K, =
0,0057+0,0005
Too=4,85+0,13 @=0,95+0,02 n=1,16+0,03 n = 1,06+0,04 T2 = 4,20 Tiyp = 3,82
a=1,17£0,03 1,=4,13 T2 = 4,09 Ty = 4,27
Tip= 4,05
235 qe =67,820,3 q.=66,9+0,4 q.=67,4£0,3 J. =66,8 £0,4 qe = 66,5+0,4 de = 70,7+0,8
n=171£0,10 1,=6,78+0,23 K, =0,048+0,009 k,=0,052+0,024" K, = 0,148+0,006 K, =
0,0036+0,0003
The = 4373:|:0,18 a= 0,88i0,04 n= 1,31:‘:0,05 n= 1,18:|:0,08 Tip = 4,69 Tip = 3,93
a= 1,2310,05 Tip= 4,47 Tip= 4,33 Tip= 4,45
Tip= 4,32
350 e =74,4+0,6  q.=72,840,6 q.=73,9£0,5 qe =72,5 £0,6 qe = 71,9£0,7 qe = 76,6+0,7
n=1,88+0,20 1,=7,22+0,33 K,=0,020+0,005 k,= K, =0,140+0,008 K, =
0,016£0,010 0,00310,0002
Too=4,0140,35 a=0,79+0,04 n=1,53+0,07 n=1,37+0,12 T2 = 4,95 Tp =421
a=118:0,09 1p=454 1,435 T2 =457
Tip= 4,43

* **§tatisticky nevyznamné parametre na hladine vyznamnosti 0,05 (*P = 0,07; **P = 0,20)

s mensou afinitou. Toto potvrdzuje aj skutocnost’, Ze pri
znizovani koncentracie SAF sa poriadok reakcie blizi
k jednej. Necelistvy poriadok sorpcie SAF na biomasu A4.
bisporus poukazuje na komplexny charakter biosorpcie,
ktort nie je mozné interpretovat’ ako jednoduchu elemen-
tarnu reakciu®'. Zaujimava je skutodnost, Ze z fraktalovej
kinetiky vyplyva vyssi poriadok reakcie ako z kinetiky
pseudo-n-tého poriadku. Vzhl'adom k tomu, Ze tato proble-
matika je v sti€asnosti eSte malo preskimand i vzhl'adom
k tomu, ze tato praca predstavuje len tivod do tejto proble-
matiky, nevieme v si¢asnosti tento jav interpretovat’. Pri
snahe  vysvetlit tento jav modzeme vychadzat
z predpokladov na zaklade ktorych boli rovnice (/1) a (12)
zostavené. Kinetika pseudo-n-tého poriadku je zaloZena na
efektivnej koncentracii dostupnych miest na povrchu sor-
bentu, pricom neberie do tivahy heterogénnost’ povrchu.
Fraktalov4 kinetika berie do Gvahy energeticka heterogén-

nost’ povrchu a jeho ,,fraktalnost™, pricom predpoklada, ze
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nie vSetky reaktivne miesta na povrchu sorbentu maju
schopnost’ podiel’at’ sa na sorpcii'®. Tieto okolnosti maju
pravdepodobne vplyv na odhad reakéného poriadku.

Co sa tyka odhadu rychlostnych konitant biosorpcie
SAF situécia je rozdielna v zavislosti od kinetického mo-
delu. Kinetické modely pseudo-n-té¢ho poriadku (kde n >0)
umoziuju odhadntt’ ¢asovo nezavisla rychlostnu konstan-
tu, ktora je vSak zlozitou funkciou viacerych premennych
ako je teplota, pH a pociatocna koncentracia latok zicas-
tiujicich sa sorpcie’. Ako vyplyva z rovnice (/7), rozmer
tychto konStant bude zavisiet’ od poriadku reakcie. Tedria
fraktalovej kinetiky predpoklada casovo zavisly efektivny
rychlostny koeficient K, ,(t)>**, ktory je definovany vzta-
hom

a-1

Kpu ()= )

I+ =Dt/ 7,,))"

a
n,a
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Obr. 1. Casové zavislosti sorpcie SAF biomasou A. bisporus pri troch réznych poéiatoénych koncentriciach SAF (m 140 mg dm™;
0235 mg dm™; @ 350 mg dm™) opisané regresnymi krivkami (—) §iestich kinetickych modelov: A — fraktalova kinetika (n,a); B — frakt-
lova kinetika (1, a); C — pseudo-n-ty poriadok; D — modifikovany pseudo-n-ty poriadok; E — pseudo-prvy poriadok; F — pseudo-druhy

poriadok

Ako je vidiet' z obr. 3. hodnota koeficientu K, , ex-
ponencialne klesa s ¢asom, pricom najvyssie hodnoty do-
sahuje v prvych fazach sorpcie (~ 0,17 min™"). Bez ohladu
na poriadok reakcie ma koeficient K, , rozmer inverzného
¢asu, v nasom pripade min', o méa vel'mi prakticky vyz-
nam, pretoZze nam to dovol'uje porovnavat’ sorpcné systé-
my s rozdielnymi poriadkami.

Z dovodu nemoznosti definovat’ Casovo nezavisli
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rychlostnt konStantu z fraktalovej kinetiky, je relevantnou
veli¢inou, ktora charakterizuje Casovy vyvoj sorpného
procesu, tzv. charakteristicky ¢as t,, (pozri rov. 13). Cha-
rakteristicky ¢as umoziuje vypocitat’ dolezity parameter
a to polcas reakcie t;,,. Pretoze kinetické rovnice pseudo-
n-tého poriadku si limitnym pripadom fraktalovej kinetiky
mozno aj z nich vypocitat’ pol€as reakcie. Ako je vidiet
z tabulky II hodnota pol¢asu reakcie rastie so zvacSujlicou
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Obr. 2. Zavislost’ relativnej chyby (RE) pouZitych kinetickych modelov od ¢asu pri poéiatoénych koncentraciach SAF; 140 mg dm™
(m); 235 mg dm™ (o) a 350 mg dm™> (e); kde 1 — fraktalova kinetika (n,0); 2 — fraktalova kinetika (1,a); 3 — pseudo-n-ty poriadok; 4 —
modifikovany pseudo-n-ty poriadok; 5 — pseudo-prvy poriadok; 6 — pseudo-druhy poriadok

sa koncentraciou SAF pri vSetkych kinetickych modeloch.
Pri fraktalovej kinetike sa hodnota polCasu reakcie pohy-
buje v rozmedzi 4,05 az 4,43 min. Tieto hodnoty st men-
Sie v porovnani s hodnotami, ktoré zistili Gaspard a spol.”
pri Stadiu kinetiky sorpcie fenolu, kyseliny taninovej
a melanoidinu na r6zne druhy aktivneho uhlia. Ich hodnoty
polcasov reakcie sa pohybovali v rozmedzi 0,36 az 17,6 h.
Ncibi a spol."* 3tudovali sorpciu chréomu (VI) morskou
travou Posidonia oceanica pricom z fraktalovej kinetiky

s794

zistili polCas reakcie vrozmedzi 16,1 az 33,5 min
v zavislosti od pociatocnej koncentracie chromu. Uvedené
udaje poukazuji na skutocnost’, ze proces biosorpcie SAF
na biomasu A. bisporus je rychly a z tohto hl'adiska je po-
rovnatelny s inymi typmi biosorbentov, ktoré uvadza lite-
ratira ako potencidlne sorbenty vyuzitelné v separacnych
technologiach.



Chem. Listy 104, s788—s795 (2010) ACP 2010 — Sucasny stav a perspektivy analytickej chémie v praxi

0,20

A i

-]

g 0,16 4

= =

g

z g

;‘g 0,124

] E

R

£ on

2 o

2 0,084 [ ]

E «on

g oD.-

Z 0,04 o0 m

= e _ m

© ol " g4

o *iegs : '
0,004 §

T T T T
150 200 250 300

t [min]

Obr. 3. Casova zmena efektivneho rychlostného koeficientu
K, , sorpcie safraninu O biomasou A. bisporus pri poc€iatoc-
nych koncentraciich safraninu O 140 mg dm™ (w), 235 mg dm™
(0) 2350 mg dm™ (e)

Zaver

Kinetickd analyza sorpcie safraninu O biomasou A.
bisporus poukazala na zloZzitost biosorpéné¢ho procesu,
ktory nie je mozné interpretovat’ v zmysle jednoduchej
elementarnej reakcie, ale treba ho interpretovat’ ako kom-
plexny fyzikalno-chemicky dej, ktorého priebeh bude zavi-
siet od experimentalnych podmienok. Praca potvrdila
schopnost’ fraktalovej kinetiky opisat’ Casové zavislosti
biosorpcie safraninu O biomasou A. bisporus lepsie ako
bezne pouzivané kinetické modely pseudo-prvého
a pseudo-druhé poriadku, pricom sorpcna schopnost’ bio-
masy A. bisporus je porovnatelnd sinymi typmi biosor-
bentov uvadzanymi v literature.

s795

Posters

LITERATURA

L.

Chojnacka K.: Environ. Int. 36, 299 (2010).

2. Plazinski W., Rudzinski W., Plazinska A.: Adv. Col-

w

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.
21.
22.

23.

loid Interface Sci. 152, 2 (2009).

. Azizian S.: J. Colloid. Interf. Sci. 276, 47 (2004).
. Rudzinski W., Plazinski W.: Appl. Surf. Sci. 253,

5827 (2007).

. Brouers F., Sotolongo-Costa O.: Physica A 368, 165

(2006).

. Kopelman R.: Science 2417, 1620 (1988).
. Jurlewicz A., Weron K.: Cell. Mol. Biol. Lett. 4, 55

(1999).

. Frauenfelder H., Wolynes P.G., Austin R.H.: Rev.

Mod. Phys. 71, S419 (1999).

. Brouers F., Sotolongo-Costa O.: Europhys. Lett. 62,

808 (2003).

Brouers F., Sotolongo-Costa O., Weron K.: Physica A
344, 409 (2004).

Brouers F., Sotolongo-Costa O.: Physica A 356, 359
(2005).

Giona M., Giustiniani M.: J. Phys. Chem. 700, 16690
(1996).

Altenor S., Carene B., Emmanuel E., Lambert J.,
Ehrhardt J.J., Gaspard S.: J. Hazard. Mater. 165, 1029
(2009).

Ncibi M. C., Mahjoub B., Seffen M., Brouers F., Gas-
pard S.: Biochem. Eng. J. 46, 141 (2009).

Figaro S., Avril J. P, Brouers F., Ouensanga A., Gas-
pard S.: J. Hazard. Mater. 161, 649 (2009).

Maurya N. S., Mittal A. K.: Natl. Acad. Sci. Lett. 29,
275 (2006).

Maurya N. S., Mittal A. K.: Natl. Acad. Sci. Lett. 3/,
221 (2008).

Tsallis C.: Braz. J. Phys. 29, 1 (1999).

Azizian S., Fallah R.N.: Appl. Surf. Sci., in press
(2010).

Akaike H.: IEEE T Automat. Contr. /9, 716 (1974).
LiuY., Liu Y. J.: Sep. Purif. Technol. 61, 229 (2008).
Grima R., Schnell S.: ChemPhysChem 7, 1422
(2006).

Gaspard S., Altenor S., Passe-Coutrin N., Ouensanga
A., Brouers F.: Water Res. 40, 3467 (20006).



	s535
	s536
	s537-s540
	s541
	s542-s545
	s546
	s547-s551
	s552-s559
	s560-s562
	s563-s566
	s567-s568
	s569-s572
	s573-s579
	s580-s584
	s585-s588
	s589
	s590-s598
	s599-s603
	s604-s608
	s609-s610
	s611-s612
	s613
	s614
	s615-s617
	s618
	s619-s622
	s623-s626
	s627-s630
	s631-s633
	s634-s639
	s640-s648
	s649-s652
	s653-s656
	s657
	s658
	s659
	s660-s664
	s665-s670
	s671-s675
	s676-s679
	s680-s686
	s687-s692
	s693
	s694-s697
	s698-s703
	s704-s710
	s711-s715
	s716-s718
	s719-s721
	s722-s728
	s729-s731
	s732-s735
	s736-s741
	s742-s745
	s746
	s747
	s748-s751
	s752-s756
	s757-s764
	s765-s770
	s771-s774
	s775-s778
	s779-s781
	s782-s783
	s784-s787
	s788-s795

