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Preface

Dear friends and colleagues,

We wish you success in the presentation of your , vivid discussions
with the audience and your colleagues, pleasant social encounters and nice stay in
the city of Prague.

Prof. RNDr. Věra Pacáková, CSc. RNDr. Karel Nesměrák, Ph.D.

Welcome t the th International Students Conference “Modern Analytical
Chemistry”.

c We are pleased that
r

We hope that the conference, in previous eight years, will be interesting
and successful event. It is a platform for presentation of new

scientific results and shows the further directions of research in the field of
analytical chemistry. We are convinced that the conference offers many possi-
bilities for improv the presentation skills, provides the floor for
discussion and exchange of experiences and opinions, and helps to master the
English language to all the participants.

All spon ors are cordially thanked, not only for their kind financial sponsor-
ship, but also for their continuous support and cooperation in many of our other
activities.

o 9
This year, the conference is even more international than in previous

years, as the attendees come from already five countries: Austria, Czech Republic,
Germany, Poland, and Slovakia. Also, the number of participants – fifty one
speakers – is the biggest in the history of the onference. very
our forum has become so attractive fo young analytical chemists.

as ,
challenging, the

ement of

s

research
,
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The organiz of th International Students Conference “Modern Analytical
Chemistry” gratefully acknowledge the generous sponsorship of following
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Programme

The conference is held at the Institute of Chemistry, Faculty of Science, Charles
University in Prague (Hlavova 8, 128 43 Prague 2) in the main lecture hall
(Brauner’s Lecture Theatre). Oral presentations are minutes including
discussion and speakers are asked to download their Power Point presentation on
the local computer in the lecture hall before the start of the session.
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Contributions





Hydrophilic nteraction iquid hromatography (HILIC) attracts more attention
since it offers an alternative approach for the separation of highly polar com
pounds. The primary retention mechanism in HILIC is believed to be analyte
partitioning between the bulk eluent and the water-rich layer that is partially
immobilized on the surface of the stationary phase [1]. Interactions between
analytes and the functional groups of the stationary phase like dipole-dipole,
hydrogen bonding and electrostatic interactions participate in HILIC systems [2].
Both the partition and adsorption mechanisms are thus believed to contribute to
the overall retention of polar compounds in HILIC [2]. The predominant retention
mechanism in HILIC separation is not unequivocal and it can differ when different
analytes and/or different stationary and mobile phases are used [3, 4]. Any polar
chromatographic surface can be used for HILIC separations. Various stationary
phases are commercially available however, a development of new materials
(sorbents) suitable for HILIC systems still continues.

In this work, two cyclofructan-based stationary phases (native cyclofructan 6
(CF6) (Frulic-N column) and isopropyl derivatized CF6 (Larihc CF6-P column))
and two amide-based stationary phases (XBridge Amide and TSK gel Amide-80
columns) were compared and characterized in HILIC mode. For this purpose,

i l c
-

Characterization and Comparison of

Cyclofructan and Amide-based

Stationary Phases in Hydrophilic

Interaction Liquid Chromatography

P K , K K , E T , Z BETR OZLÍK * VĚTA ALÍKOVÁ VA ESAŘOVÁ UZANA OSÁKOVÁa, b b a

a of Chemistry, Faculty of Science,

Hlavova 8, 128 43, Prague kozlipet@centrum.cz

of Physical and Macromolecular Chemistry, Faculty of Science,

Hlavova 8, 128 43, Prague

Department Analytical Charles University in Prague,

2, Czech Republic

Department Charles University in

Prague, 2, Czech Republic

�
b

Keywords

amide-based stationary phase
cyclofructan-based stationary phase
hydrophilic interaction liquid chromatography
linear free energy relationship
peptides
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peptides were chosen as model analytes. Mobile phases consisted of acetonitrile
and ammonium acetate buffer (20 mM ammonium acetate), pH = 4.00, in various
ratios. Model designed by Snyder Soczewinski [5] was used for an indication
whether partitioning or adsorption is the dominating retention mechanism. To
investigate more subtle differences of the chosen stationary phases we utilized
linear free energy relationship (LFER) method. Linear free energy relationship is
a statistical model relating retention of a given analyte to its physicochemical and
structural parameters. The main benefit of the LFER model lies in its ability to
describe the contributions of individual types of molecular interactions to the
retention process [6]. The detailed study of chromatographic behavior of peptides
revealed that multimodal retention mechanism is present in systems with these
stationary phases. The LFER method has revealed which type of molecular
interactions play a role in retention process in studied separation systems. The
LFER results indicated that significant interactions affecting retention and
separation in all separation systems studied in this work are the same, namely
hydrogen bond acidity (with positive regression coefficient values) and
dispersion interactions (with negative values). Minor impact on retention process
had dipolarity/polarizibility in the case of cyclofructan-based stationary phases
and hydrogen bond basicity in the case of amide-based stationary phases.

-
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Forty or fifty years ago people did not think of the possible consequences of their
decisions. All that mattered was that the standard of living went up. The upshot
was the rapid expansion of transport, industry and the economy in general. On the
one hand, people achieved their aims in that their demand for all manner of con-
sumer goods was sated, but on the other, their imprudent actions became the chief
culprits responsible for the pollution of the air and surface/ground waters and for
the decline in soil fertility [1]. Unlike substances polluting the air and water, cont-
aminants can remain in the soil for a very long time, even for hundreds of years.
This is all the more dangerous, since the soil takes up air pollutants arriving in
rainwater, and also the pollutants in the runoff waters flowing over it.

Heavy metals are an important group of substances polluting waters and soils.
The hazard they pose is due to their chemical nature: they are non-biodegradable.
Metals are present in all soils, even those regarded as uncontaminated. But depen-
ding on the concentrations in which they occur, they may be harmful to the soil,
and as a consequence, to vegetation, animals, water and human health.

Soil remediation has been a topic of research worldwide for many years. But
traditional technologies have turned out to be extremely costly and time-con-
suming, and frequently require other, not always environmentally friendly,
chemicals to be introduced into the soil. Hence, more effective and more econo-
mical technologies are constantly being sought. Among them is phytoremediation
which are based on the activity of living organisms.

Nowadays, phytoremediation is variously defined in the literature, depending
on the type of matrix intended for remediation (water, soil, air) and the type of

,

Use of White Cabbage for

Phytoremediation Processes

M S P KARZENA ZCZYGŁOWSKA*, IOTR ONIECZKA

Department of Analytical Chemistry, Chemical Faculty, Gdansk University of Technology,

Gabriela Narutowicza 11/12 Street , 80-233 Gdansk, Poland marzena.sowinska@wp.pl�

Keywords

AAS
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cadmium
phytoremediation
zinc
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contaminant to be removed (organic/inorganic) [2]. The efficient clean-up of soil
relies on plants known as hyperaccumulators, which are capable of taking up
exceptionally large amounts of metals without visible toxicity symptoms [3]. The
most effective plants used in the process of phytoremediation come from

family. Problems with use the plants recognized as hyperaccu-
mulators is that, the plants needs to be harvested shortly after the plants becomes
mature, which causes problems of disposal of obtained biomass. When these
plants are dried, they easily crumble and flake off, greatly reducing the yield
obtained, and the rest of the plant residues are a source of secondary emissions of
toxic substances [4].

Quite a large biomass and the lack of difficulties after harvesting are advant-
ages described for different types of cabbage. Our study reveals the usefulness of
the white cabbage for the purification of the soil from zinc and cadmium by phyto-
extraction. Two cabbage ( subsp. f. ) cultivars: early
cv. Ditmarska Najwcześniejsza, late cv. Kamienna Głowa were used. In this re-
search used crops grown under controlled conditions; where plants grown in the
greenhouse of phytotron of University of Agriculture in Kraków in pots (10 L)
filled with the local soil taken from the arable layer (0–20 cm). Cultivation was
contaminated with a known amount of heavy metals in milligrams per kilogram
dry weight of soil: Zn to 50 (Zn1) or 200 (Zn2) and in the case of Cd to 10 (Cd1) or
40 (Cd2). Control pots contained the same soil, but without addition of either
cadmium or zinc. Each experimental group of plants consisted of four replicates.

For metal determinations, the air-dried soil samples and lyophilized cabbage
samples were mineralized in a microwave-assisted Anton Paar mineralizator.
Mineralization was performed at 240 °C and 60 bar for 0.5 g portions of cabbage or
soil mixed with 5 mL 65% HNO + 2 mL H O or 7 mL HNO as a mineralizing
solution, respectively. After digestion, the acidic solutions were transferred into
25 mL PMP volumetric flask and brought to volume with deionized water. Metal
were determined using AAS techniques such as:

flame AAS (Zn, Cd),

The result for the experiments conducted are shown in Fig. 1. Based on the
results can be concluded that:

Brassicaceae

Brasica oleracea capitata alba

3 2 2 3

�

�

�

�

�

electrothermal AAS ( lower content Cd).

There is relationship between the content of zinc and cadmium of samples of
soils, leaves and stems.
The contents of cadmium and zinc, determined in sample leaves and stems of
both cultivars exposed to different concentrations of the studied metals. In the
case cultivars Kamienna Głowa, zinc and cadmium are mainly cumulated in
the leaves.
In the sample of leaves both varieties of cabbage, grown in soil spiked with Cd1,
determined high concentrations this metal. This may prove that, cabbage can
be use to phytoremediation of soil from cadmium.

14 the 9 3Proceedings of th ISC Modern Analytical Chemistry Prague 201▪



The level of zinc content in the cabbages cultivated on the soil with average zinc
content 200 mg kg ranged 20–100 mg kg dw, whereas for soil with concen
tration 500 mg kg ran ed 40 190 mg kg dw. In the case , the obtained
values were: 7 in soil 2 7 dw in cabbage and 40 in soil
7 13 . The metals content determined in different tissues (leaves
and stems) of both cabbage and the yields of cabbage crops declared by registered
producers of seedlings to range from 150 to 300 tons per hectare were the basis
for calculating the output of pollutants from the environment. In the case of ,
with a single crop of white cabbage (assuming that the cabbage is 20% dry weight
and 80% water) was estimated to amount to 2 4 kg ha for plants grown in
normal soils (C). The plants grown in heavily contaminated soils (Zn2 sam
ples) might be capable of removing 5 10 kg ha in the case of Kamienna Głowa
and 10 20 kg ha , in the case of Ditmarska. When it comes to , according
to the results from the phytotron experiment, the estimated output of this
pollutant from noncontaminated (C samples) and strongly Cd-contaminated (Cd2
samples) soils may vary from 0 006 to 0 012 kg ha to 0 6 to 1 2 kg ha ,
respectively assuming the low to high cabbage crop yield.

–1 –1

–1 –1

–1 –1 –1

–1

–1

–1

–1 –1

-
g – cadmium

mg kg , – mg kg mg kg ,
– dw in cabbage

zinc

–
zinc -

–
– cadmium

. . . .
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Fig. .1 Contents of cadmium and zinc (mg kg dry wt) in samples of two cabbage cultivars, early
Ditmarska Najwczesniejsza and medium-late Kamienna Głowa and in corresponding soil sample
collected after harvest of plants.
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The results lead to the conclusion that white cabbage may represent a very pro-
mising crop for phytoremediation of farmlands polluted with either biogenic or
toxic heavy metals.

Acknowledgments

References

The project ‘The exploitation of white cabbage for phytoremediation and biofumigation of soils
(AGROBIOKAP)’ was cofinanced by the European Union from the European Regional Development
Fund in a framework of the Innovative Economy Operational Programme 2007–2013. This research
work was supported by the European Social Fund, the State Budget and the Pomorskie Voivodeship
Budget according to the Operational Programme Human Capital, Priority VIII, Action 8.2,
Under-action 8.2.2: ‘Regional Innovation Strategy’ within the system project of the Pomorskie
Voivodeship ‘InnoDoktorant – Scholarships for PhD students, Vth edition’. Thanks are due to Renata
Bączek-Kwinta of the of University of Agriculture in Krakow, Poland, for her interest in the study.

Weber J., Karczewska. A.: (2004), 105–107.

[3] Kusznierewicz B., Bączek-Kwinta R., Bartoszek A., Piekarska A., Huk A., Manikowska A.,
Antonkiewicz J., Namieśnik J., Konieczka P.: (2012), 1 8.

[4] Szczygłowska M., Piekarska A., Konieczka P., Namieśnik J.: (2011), 17760 7771.

[1] Geoderma

Environ. Toxicol. Chem.

Int. J. Mol. Sci.

122

12

12

[2] Garbisu C., Alkorta I.: (2001), 229–236.

–
–

Bioresour. Technol. 77



Perfluoroalkyl and polyfluoroalkyl substances represent a large and hetero-
geneous group of anthropogenic chemicals. They have unique properties of being
hydrophobic and oleophobic at the same time and resistant towards degradation
when exposed to high temperatures, chemicals or abrasion. Since 1950, per-
fluoroalkyl and polyfluoroalkyl substances, together with surfactants and poly-
mers made with the aid of perfluoroalkyl and polyfluoroalkyl substances have
been widely used in numerous industrial and commercial applications (e.g., lubri-
cants and greases, cleaning agents, fire-fighting foams, polymers and surfactants,
pigments, pesticides, pharmaceuticals) [1]. Due to their properties they are used
for surface treatment of textiles, plastics and paper and board food contact
materials to prevent them from being soiled or from soaking up fat or water. Their
stability makes them convenient for high temperature applications, for instance
when the foods in respective packaging are intended to be microwave heated [2].

The coating perfluoroalkyl and polyfluoroalkyl substance based additives for
the surface treatment of paper and board materials contain as side groups
fluorotelomer alcohols, which can potentially split off. The probability of such
reactions increases with growing temperatures. On this account baking paper,
muffin cups, popcorn bags etc. may be significant source of fluorotelomer alcohols
that can migrate from the treated material to the food item. Moreover, depending
on the type of food and heating conditions, fluorotelomer alcohols can be also
released from polyfluorinated alkyl phosphate esters that are main components
of the paper and board coating mixtures [3]. The predominant molecules in the

Determination of Fluorotelomer

Alcohols in Food Contact Materials

and Food

M S J P D L
K K J H

ICHALA LOVÁKOVÁ*, ANA ULKRABOVÁ, ARINA ANKOVÁ,
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paper coating additives contain two C8 or C10 perfluoro groups. Several studies
[4–7] have shown that fluorotelomer alcohols can undergo the degradationin the
atmosphere and some organisms to perfluorocarboxylic acids that have been cor-
related to health effects such as endocrine disruption and metabolic changes [8].

Although the occurrence of polyfluorinated surfactants in food contact mate-
rials represent health concern issue, there are only few studies dealing with
analysis of such chemicals in paper and board and the penetration of fluoro-
telomer alcohols and to food items [9–11].
In the first phase of analysis, extraction of fluorotelomer alcohols with organic
solvents (e.g. methanol, ethyl acetate) is commonly used. Unfortunately, a range of
co-extracts is present in the extracts and, due to the high volatility of fluoro-
telomer alcohols, the extract must be handled with special care to avoid analytes
losses. Fiedler et al. [12] developed a headspace gas chromatography-mass
spectrometry (analyzer operated in electron ionization mode) method for scree-
ning of fluorotelomer alcohols ( , - -

, and ) in food contact materials.
The aim of this study was to develop a simple and effective method for

determination of fluorotelomer alcohols not only in baking paper and other food
contact materials but also in food represented by bakery products. For this
purpose, muffins were baked in perfluoroalkyl and polyfluoroalkyl substance
containing paper cups. Simple, solvent free headspace solid phase microextra-
ction (HS-SPME) technique was selected for analysis of volatile fluorotelomer
alcohols. To obtain high sensitivity and good repeatability of determination of
fluorotelomer alcohols in a paper matrix, careful optimization of HS-SPME was
required. Therefore, the main factors influencing the analytical process (fiber
type, headspace volume, extraction time, temperature, sample amount, sample
ionic strength and agitation speed) were investigated. The identification of
analytes was performed with gas chromatography coupled to a mass spectro-
metric detector with a high resolution time-of-flight mass analyzer using an
Agilent 7200 GC/Q-TOF system in positive chemical ionization mode. Mass
spectra were recorded in a range of = 30–1000. The example of analysis is
shown in Fig. 1. Contrary to electron ionization, high value ions were obtained
thus fairly better selectivity of detection could be achieved. The amount of four
fluorotelomer alcohols (2-perfluorobutylethanol, 2-perfluorohexylethanol,
2-perfluorooktylethanol, 2-perfluorodecylethanol) was determined in the
sample of paper experimentally impregnated with the fluorinated surfactants
technical mixture. This sample was used for the optimization experiments. The
quantification was performed using the standard addition method. Unfortunately,
analytical standards are available only for four above-mentioned fluorotelomer
alcohols, so only the content of these four compounds could be quantified in the
food contact material samples. Using StableFlex DVB/CAR/PDMS 50/30 µm
SPME fiber the achieved limits of quantification were 2, 2, 2 and 5 ng/g of paper for
these compounds, respectively. Other substances such as 2-perfluorododecyl-
ethanol, 2-perfluorotetradecylethanol, and 2-perfluorohexadecylethanol were

polyfluorinated alkyl phosphate esters

2-perfluorohexylethanol 2 perfluorooktyl
ethanol 2-perfluorodecylethanol

m/z

m/z

18 the 9 3Proceedings of th ISC Modern Analytical Chemistry Prague 201▪



6x10

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

+CI EIC(227.0102,265.0269, 327.0038, 365.0206 ...)Scan Std500.D

*4.511
897248.15

*4.861
837118.56

*4.207
424699.74

*5.236
144642.18

(a)

4:2 FTOH

6:2 FTOH

8:2 FTOH

10:2 FTOH

(b)

(c)

(d)

(e)

5x10

0

1

+CI Scan (4.207 min) Std500.D Subtract

227.0093

265.0260

293.057995.0101 207.002457.0677

5x10

0

2

+CI Scan (4.511 min) Std500.D Subtract

* 327.0039

365.0209

393.0525305.0016256.9990145.007657.070795.0102 212.9943

5x10

0

2

+CI Scan (4.861 min) Std500.D Subtract

426.9981

465.0139

493.0445404.995557.071695.0101 356.9960145.0076 223.0629 312.9833262 .9901

4x10

0

2.5

5

+CI Scan (5.236 min) Std500.D Subtract

526.9894

565.0056

593.037657.0708 504.9875121.1004 456.9846412.9823180.9872 327.2179

Counts vs. Mass-to-Charge (m/ z)

50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625 650 675 700 725 750 775 800 825 850 875 900 925 950 975 1000

Fig. .1 (a) The chromatographic record of monitored analytes obtained by HS-SPME-GC-TOFMS
analysis of the standard solution of concentration 500 ng mL in methanol. Spectra of (b) 2-per-
fluorobutylethanol, (c) 2-perfluorohexylethanol, (d) 2-perfluorooktylethanol, and (e) 2-perfluoro-
decylethanol. Mass spectra recorded in a range of = 30–1000.

–1

m/z

present in some highly impregnated samples as well; they were identified based
on exact masses of their molecular ions.

The method was subsequently modified to obtain optimal performance
parameters for determination of fluorotelomer alcohols in different matrix
bakery products (muffins, etc).

In summary, using the newly developed HS-SPME-GC-HRTOFMS method,
fluorotelomer alcohols can be rapidly measured in baking papers, food packaging
materials and also in some types of food, e.g. muffins. It will be used in following
monitoring study of food and paper and board food contact materials available at
the Czech market. Also the migration of fluorinated compounds from paper to
food will be studied in a greater detail.
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Aromatic nitro compounds constitute a group of chemicals with a wide spectrum
of mutagenic and/or carcinogenic properties [1–3]. They are known as environ-
mental pollutants that are formed in diesel and petrol engines during the
combustion of fuels and in the atmosphere by reactions of their parent aromatic
hydrocarbons with nitrogen oxides [1]. Because of their omnipresence in the
environment, there is an enhanced interest in the monitoring of their environ-
mental levels and in studying their biological effects [1, 2, 4–7]. For instance,
mutagenicity screening studies are of great importance because about half of all
carcinogenic chemicals tested in animals are mutagens that damage DNA in
microbial short-term tests [8].

There are many electrochemical studies on interactions of DNA with some
environmental pollutants or drugs [9, 10]. Three types of interactions of organic
compounds with DNA are usually distinguished: (i) an intercalation of planar
aromatic molecules between DNA base pairs, (ii) a binding into major and minor
grooves of double-stranded DNA ( DNA), and (iii) an electrostatic interaction of
positively charged molecules with negatively charged DNA phosphate groups
[10]. Different interactions are connected with different shifts in the peak
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potential of the analyte in the absence or presence of DNA in the measured
solution when voltammetric techniques (e.g., cyclic voltammetry or differential
pulse voltammetry) are used. While a peak potential is shifted in the positive
direction when the analyte binds to DNA by intercalation between the stacked
base pairs of DNA, the peak potential is shifted in the negative direction when
the interaction with DNA occurs by electrostatic attraction (interaction with the
negatively charged nucleic sugar-phosphate structure) [10]. Therefore, it is
possible to predict the type of the interaction of a test substance with DNA.
Moreover, the fact that those interactions can cause the opposite potential shift
can be used to separate voltammetric signals of studied compounds.

In this work, the effect of the presence of DNA in the solution ( =
= 2−2500 ) on the electrochemical behavior of selected aromatic nitro
compounds was investigated using differential pulse voltammetry at a hanging
mercury drop electrode. Selected substances were as follows: 2-nitrobiphenyl,
3-nitrobiphenyl (both are not listed by IARC as proven or potential carcinogens),
4-nitrobiphenyl (it is listed in IARC Group 3, not classifiable as to its carcino-
genicity to humans [11], however, it induces carcinomas on animals [12], and it is
metabolically converted to 4-aminobiphenyl, which is carcinogenic to humans,
IARC Group 1 [13]), 4-nitrophenol (it is not listed by the IARC, however, nitro-
benzene is its metabolite [14]), nitrobenzene (it is listed in IARC Group 2B
possibly carcinogenic to humans [15], and it is used in the production of aniline,
precursor of dyes, pharmaceuticals, etc.).

All stock solutions of the test compounds ( = 1×10 mol L ) were prepared by
dissolving pure substances in ethanol. D from salmon sperm
was stored at 4 °C and its stock solutions ( = 10 mg mL ) were prepared by
dissolving DNA in an aqueous mixture of EDTA ( = 1×10 mol L ) and
tris(hydroxymethyl)aminomethane hydrochloride ( = 0.01 mol L ). All
samples were prepared by adding an appropriate volume of a stock solution into
a 10-mL volumetric flask, ethanol was added to a total volume of 1 or 5 mL, and the
solution was filled up to the mark with a 0.25 mol L phosphate buffer of pH = 7.0.

Initially, the influence of the composition of a supporting electrolyte was
studied, since some of the studied analytes require a higher content of alcohol to
be present in the solution phase because of their limited solubility in water. The
effect was investigated in supporting electrolytes methanol–phosphate buffer and
ethanol–phosphate buffer (in volume ratios of 1:9 and 1:1), and the influence of
used organic solvent was tested. The testing criteria were as follows: a maximum
width of the potential window, a minimum content of trace impurities, and a
minimum background current. Thereafter, the influence of the matrix used in the

DNA stock solution (i.e., the EDTA–Tris-HCl solution) was studied in the solu-
tion of 4-nitrobiphenyl ( = 1×10 mol L ) in ethanol–phosphate buffer (1:9 and
1:1); the content of the EDTA–Tris-HCl solution was subsequently increased,
and the changes in voltammetric behavior of 4-nitrobiphenyl were observed.
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Interactions of the studied compounds with DNA were investigated in the
ethanol-phosphate buffer (1:9 and 1:1) medium. On the basis of the peak potential
shifts (see the introduction of this text) [10], it was possible to estimate what type
of interaction occurs. Moreover, based on the obtained results, it is suggested that
the content of ethanol affects the rate of the reduction of the analyte, it causes
differences in the peak heights (1:9 versus 1:1), and it also affects the ionic
strength of the supporting electrolyte.

After the study of the influence of the presence of DNA on the voltammetric
behavior of the studied compounds, a possibility to use the different interactions
of the studied compounds with DNA for a separation of their voltammetric
signals was investigated, too.

ds

ds
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Amino acids are biologically active compounds that have many functions in living
organisms. They are the basic structural units of proteins. One of the most typical
features of the proteinogenic -
presence of a chiral carbon atom [1]. Enantiomers of amino acids and other orga-
nic compounds displaying the chiral character show diverse physiological activity
in biological systems. As a consequence, the chiral separations of amino acids and
other optically active compounds have been of great interest. Enantioseparations
are largely realized by the methods of chromatography that may also be used in
the process of asymmetric synthesis to determine the enantiomeric excess [2].

This study is concerned with the separation of underivatized amino acid
enantiomers by high performance liquid chromatography. Aromatic-derivatized
and aliphatic-derivatized chiral stationary phases of cyclofructan 6 and
cyclofructan 7 were chosen for the HPLC separation of the target group consisting
of amino acid racemic mixtures. The ability of this type of chiral selectors to
recognize optical isomers was tested in the polar organic separation mode with
the selected mobile phase consisting of methanol/acetonitrile/acetic acid/tri
ethylamine. Based on the results, the isopropylcarbamate cyclofructan 6 chiral
stationary phase was found to be the most effective chiral selector for the
enantioseparation of underivatized amino acids. Enantioseparation of selected
analytes was achieved using this type of cyclofructan based chiral selector in polar
organic separation mode. High performance liquid chromatographic enantio
separation of selected substances was significantly influenced by the mobile

α amino acids is the optical activity related to the

α-
–

-

-
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phase composition.

amino acids were decreasing. Although the highest values of the resolution
factor were achieved in the mobile phase consisting of methanol/aceto
nitrile/acetic acid/triethylamine (50/50/0 3/0 2, v/v/v/v), this mobile phase
composition resulted in the enantioseparation of a smaller group of the studied
analytes. The mobile phase consisting of methanol/acetonitrile/acetic acid/tri
ethylamine (75/25/0 3/0 2, v/v/v/v) was used for experimental measurements
in the following parts of the study, since this volume ratio of components in mobile
phase resulted in enantioseparation of all studied analytes. In the next part of this
study, the detection limit values were compared to the detection limits for various
ways of the detection of the separated enantiomers.

= 210 nm), both polarimetric detector and
circular dichroism detector were used. Using these chiral detectors, the

values were times lower, as compared
to the UV detector. Analytic column temperature has a strong effect on the elution
characteristics. Chiral separations of underivatized amino acids were realized
in the temperature range from 0 °C to 35 °C. Increasing the column temperature
resulted in decreasing values of the resolution factor. The resolution factor of
racemic mixtures of the selected group of analytes reached its maximum value at
0 °C. A calculation using the van’t Hoff equation was applied in the thermodynamic
study of HPLC enantioseparations of the aforementioned substances. Based on
the values of enthalpic and entropic contribution to the change of Gibbs energy,
enantioseparation of the studied substances was found to be an enthalpically
controlled process. Consequently, the second eluting enantiomer and the chiral
selector form a diastereomeric complex with a higher stability constant value than
enantiomer with a shorter elution time. The acquired chromatographic con
ditions were applied in HPLC qualitative and quantitative analysis of methionine
in a nutritional supplement sample.

With the increasing value of methanol volume fraction in
mobile phase, the values of the retention factors of the racemic mixtures of
α

Apart from the spectro
photometric determination (λ

α

-
-

. .

-
. .

-

limit
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Environmental estrogens (natural and synthetic) belong to a group of contami-
nants called endocrine disrupting chemicals [1]. These compounds have adverse
effect on the endocrine system of human and animals. They can bind to natural
estrogen receptors or block synthesis of endogenous hormones [2–

Capacitation is the key event in the study of sperm behavior prior to
fertilization. Only capacitated sperm are sufficiently active and able to fertilize. In
vitro experiments, simulating precisely an in vivo environment, are crucial for clo-
ser understanding of the process, when sperm gain the ability to fertilize an ovum.
It is difficult to study these events in vitro

in vitro
ol in M2 laboratory

mouse in vitro fertilizing medium.

4]. Estrogens
are not accumulated in the environment and present at very low concentrations
(ng/L), their impact on aqueous organisms and other wildlife and finally on
humans could be significant [5]. 17β-Estradiol is a natural endocrine disruptor
primarily of female origin. The synthetic 17α-ethynylestradiol is used as a main
part of birth control pills. It was shown that estradiol and several estrogenic
xenobiotics act towards an increase of germ cell apoptosis and a decrease of
sperm count [6].

. In order to monitor the effects of
exogenous estrogen hormones such as 17β-estradiol and 17α-ethynylestradiol
on sperm during capacitation, it is important to develop analytical method
for determination of 17β-estradiol or the 17α-ethynylestradi

D E
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Our previous study [7] was focused on determination of free estriol in M2
medium during capacitation of mouse sperm in vitro by HPLC with UV detection.
Due to the progressive UV absorption of BSA present in the fertilizing medium [8],
the detection of estriol was carried out at 200 nm. Even though this method
provided relatively high values of limit of detection and limit of quantification, it
enabled only the starting concentration of 200 μg/L to be tested.

Based on the results reported for the separation of estriol by HPLC with UV
detection [7], the reversed-phase separation system using SunFire C18 column as
the stationary phase was selected for study of both the tested analytes. This
column provid

ining inorganic and
organic components from which especially BSA (4.0 g/L) can cause difficulties
during the separation process. At 200 nm, the signal of M2 medium was two
orders of magnitude higher than the signal of analyte. Therefore, it was impossible
to use the UV detection for this purpose and a tandem mass spectrometric
detection, which can eliminate the matrix impact much better, was chosen.

ed a high separation efficiency and symmetrical peak. For
determination of 17β-estradiol and 17α-ethynylestradiol in M2 fertilizing
medium, the UV detection was applied as the first one. Mixtures of acetonitrile and
water in different volume ratios were tested as mobile phases. The optimization
procedure was carried out with respect to obtain a sufficient sensitivity. However,
neither 17β-estradiol nor 17α-ethynylestradiol was detected in any of tested
mobile phases. The M2 medium is a complex mixture conta
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In this paper, flow amperometric enzymatic biosensors for determination of glu-
cose in honey and sarcosine in model sample were investigated. Though the most
used electrochemical materials for preparation of biosensors are gold and various
forms of carbon [1, 2], we would like to present the silver solid amalgam as a good
alternative to them.

The first type of -biosensor is for determination of glucose
(Fig. 1.A). It consists of a flow reactor based on porous and
a flow tubular detector based on . The construction of it and
determination of glucose occurred in three steps. First, a self-assembled mono-
layer of 11-mercaptoundecanoic acid was formed at the reactor. Second, an
enzyme glucose oxidase was covalently immobilized in
acid layer using -ethyl- '-(3-dimethylaminopropyl) carboimide and -hydroxy-
succinimide chemistry. Finally, a decrease of oxygen concentration (directly pro-
portional to the concentration of glucose) during enzymatic reaction is measured
amperometrically in the detector under flow injection analysis.

The second type of -biosensor is for determination of
sarcosine in model sample (Fig. 1.B). In 2009, sarcosine, an -methyl derivative of
the amino acid glycine, was identified as a differential metabolite that was highly
increased during prostate cancer progression to metastasis [3]. For this type of
biosensor the polished silver solid amalgam electrode was used. First, the 0.5 mm
thick layer of polysaccharide chitosan was formed at the surface of the electrode
( /chitosan). Then, the chitosan layer was modified by –CHO
groups by reaction with glutaraldehyde. Finely, the enzyme sarcosine oxidase was

silver solid amalgam
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covalently immobilized on the . As
in previous case, the determination of sarcosine is based on decrease of oxygen
concentration during enzymatic reaction. Sarcosine was measured ampero
metrically in the wall-jet arrangement under flow injection analysis.

The methods of determination of glucose and sarcosine included the opti-
mization of following parameters with respect to amperometric response: the
supporting electrolyte, its concentration, pH, the potential of detection and
the flow rate.

The obtained results showed that the flow biosensors based on silver solid
amalgam electrodes are relatively stable (it depends on stability of the enzyme),
sufficiently sensitive and rapid-prepared devices which allows the measurement
at highly negative potentials.

silver solid amalgam/chitosan/glutaraldehyde

-
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Fig. .

,

1 (A) Construction of the flow enzymatic electrochemical biosensor contains (1) enzymatic
reactor based on (3) porous silver solid amalgam and (2) detector based on (4) compact silver solid
amalgam, (5) (B) Construction of the flow enzymatic electrochemical biosensor
using (6) polished silver solid amalgam electrode with (7) layer of chitosansarcosine oxidase.

platinum contact.
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The most commonly used ion exchange packings in liquid chromatography are
modified silica gels. Chemical stability of materials and wide variety of modified
derivatives determine the choice of this type of columns. However, silica gel
columns are stable in the narrow range of pH from 2.0 to the maximum of 9.5. The
alternative is polymer-based packings which can operate in the full range of pH.
Polymeric materials used for the synthesis of anion-exchange stationary phase
are poly(styrene-divinylbenzene) copolymers, polymethacrylates or vinyl poly-
mers.

Ion exchange chromatography is becoming more popular in the distribution of
biologically active compounds with ionic character. Examples of such compounds
may be low molecular heparins. They are a group of pharmaceuticals used in the
treatment of thromboembolic diseases. They are obtained by chemical or enzy-
matic depolymerization of natural heparin. Thus, small molecules are heparin
fragments and their weight range is from 2 to 9 kDa. This range improves the
bioavailability of low molecular heparins, making them subcutaneously active,
improving their pharmacology, and altering their activity profile by decreasing
their thrombin inhibitory activity [1–3].

In these studies, selected low molecular heparins were depolymerized at
pH = 7.0 by a mixture of heparinases for 48 h at 25 °C. Then, tested samples were
reduced by sodium borohydride to allow quantitative determination level of
special forms before this process. High-performance anion-exchange liquid chro-
matography with diode-array detector was used for qualitative and quantitative
analysis of those drugs. Commercially available packings based on silica gel and
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synthesized polymer based on a styrene-divinylbenzene copolymer with ammo
nium salts, including hydrochloride, 2-chloro- -diethylaminoethyl or hydro
chloride of 2-chloro- -dimethylaminoethyl were used as a stationary phase.

-
-N,N

N,N
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Reliable determination of ionic strength is very important in biology and bio-
chemistry. For example, enzymes can be significantly inhibited if an applied buffer
solution does not have the ideal ionic strength. There are very few optical systems
which can reliably measure ionic strength in aqueous solutions [1, 2]. Therefore,
photonic crystals have great potential in this sector.

This work used monodisperse, crosslinked polystyrene nanoparticles with
highly negative surface charge, which were embedded in a polyacrylamide hydro-
gel film. Important advantages are: very quick response time, total reversibility of
the signal change, which is insensitive to temperature changes, and complete lack
of photobleaching, since the analytical signal is obtained by light reflection and
not by light absorption. Sensitivity towards ionic strength with a linear range
between 5×10 and 10 mol L was achieved. The results were verified with
three different salts: sodium chloride, di-sodium sulfate and tri-sodium citrate
(Fig. 1). In addition, a veritable readout protocol for the film analysis with a digital
single lens reflex camera was developed.

–5 –2 –1
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Fig. .1 Effect of the ionic strength on the wavelength of reflected light of colloidal photonic crystals in
a hydrolyzed polyacrylamide hydrogel immersed in salt solutions of NaCl, Na SO , Na Cit at varying
concentrations. Each data point presents the average value of five measurements; the error bars
indicate the standard deviation of these measurements.

2 4 3
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The enantiomer ratios of chiral volatile organic compounds in juniper flavoured
spirits produced by various processing technologies in different EU countries
were determined by multi-dimensional gas chromatography using solid phase
microextraction and liquid-liquid extraction as a sample pre-treatment pro-
cedure. Totally, more than 260 compounds were detected that belong to various
chemical classes, e.g. terpens, methyl and ethylesters of higher fatty acids,
aldehydes and ketones. Linalool, -terpineol, 4-terpineol, linalool oxides, -pi-
nene, and verbenone were found in all studied samples and those chiral volatile
organic compounds were selected for further determination of enantiomer ratios
since those were present at the highest concentrations level and/or did not co-
elute with other compounds. It was shown, that enantiomer ratio is independent
on used sample treatment procedure. On the other hand, enantiomer distribution
of some chiral organic compounds in juniper flavoured spirits depends on used
technological procedure and consequently on country of its origin. The significant
differences in enantiomer ratio of linalool and cis-linalool oxide allow distin-
guishing samples produced in Slovakia, Great Britain from those produced in
Germany, Czech Republic and Belgium. The pure enantiomer of trans-linalool
oxide was found only in samples from Germany.
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Phospholipids are esters of phosphoric acid, glycerol and fatty acids. Phospho-
lipids are divided into five main groups according to the phosphorylated group
which could be phosphatidylserine, phosphatidylethanolamine, phosphatidyl-
choline, phosphatidylinositol, and phosphatidic acid. They occur commonly in
cells and are an important part of cell membranes. Currently, thin layer chromato-
graphy is used for the purposes of microbiological studies [1], which only allows
for a limited quantitation and separation of certain phospholipids groups. Many
instrumental methods have been tested for phospholipids determination, but
publications about real-world applications or more detailed parameters of these
methods are relatively rare. However, there was not such a work that had been
focused to analysis of phosphorylated polar parts but only to the intact lipid
structures [2].

The aim of the project was the development of fast, selective and robust
instrumental methods (NMR, HPLC, CE) for determination of phospholipids and
phosphorylated parts of phospholipids or their derivatives for group classi-
fication of phospholipids.

Capillary electrophoresis was performed in both aqueous and non-aqueous
mode. Aqueous mode was successfully used for detection of phosphates with
contactless conductivity detector. All investigated analytes were detected but they
have not been determined yet. Currently, the high conductivity of separation
electrolyte is the reason for high determination limit. Non-aqueous mode with
spectrophotometrical detection was tested for intact phospholipids. Main
phospholipids were detected in this mode and detection limit is much more lower
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than in the former case. Low solubility of phosphatidylserine in non-aqueous
electrolyte represents another problem. Solving this trouble should allow the
determination of all phospholipids.

P-NMR was used for determination of phospholipids and phosphates. All
phospholipids standards were successfully detected in artificially prepared
samples. Unfortunately, real samples of bacterial membrane phospholipids
( ) yielded signals at slightly different chemical shifts compared to
the artificial standard. Those results were compared with previously published
papers [3], however, without exact conclusion. The further progress of NMR
spectroscopic analysis is limited by high detection limit of this method.

HPLC was tested in reverse-phase and HILIC mode. HILIC column was tested
for separation of phosphorylated derivatives. All phosphates of interest are
strongly polar compounds which were not retained at the HILIC (cyclofructan)
column. Gradient RP-HPLC mode was used for intact phospholipids samples and
some of phospholipids were detected. This method is still in development.

31
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According to a new report published by European Monitoring Centre for Drugs
and Drug Addiction, the number of people who abuse methamphetamine is
increasing every year, thus it became a global threat. This is mainly because many
laboratories are engaged in clandestine manufacture of methamphetamine. The
chemistry is well understood, and widely published, notably on the web, though
not easy to achieve.

There are various routes of clandestine synthesis of methamphetamine but the
most commonly used are: Leuckart, Emde, Nagai and Birch method. Metham-
phetamine coming from clandestine laboratories has variable composition. This
is because during the synthesis of methamphetamine using each of these methods
may produce different by-products. But also the samples synthesized using the
same method may show different impurity patterns according to the various
conditions, and the impurities may disappear or co-precipitate with meth-
amphetamine during the crystallization process [1]. Subsequent analysis of the
impurities of methamphetamine may supply valuable information about the con-
ditions and the chemicals used in the illicit methamphetamine manufacture what
can provide information on the original source of sample, thus the analysis of the
impurities requires techniques which offer a high degree of resolution, specificity
and sensitivity [2].
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Fig. 2. Reaction of (a) (1 ,2 )-(+)-pseudoephedrine and (b) (1 ,2 )-(−)-pseudoephedrine with
thionyl chloride.
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Methamphetamine, because of its stereogenic center, has two optically active
isomers of which (+)-enantiomer is more frequently abuse due to its stronger CNS
stimulatory activity than (–)-methamphetamine, which does not possess any
significant CNS activity or addictive properties [3]. For its high stimulant effect,
(+)-methamphetamine is predominantly abused and illicitly smuggled in the
black markets. On the other hand, (–)-methamphetamine can be used as a precur-
sor for the manufacturing of l-deprenyl, an effective antiparkinsonian and anti-
depressant [4].

Because enantiomeric ratio of methamphetamine is closely related with the
optical activity of precursors and reagents used for the synthesis, this knowledge
can provide useful information concerning the origins and synthetic methods
used for illicit manufacture [3]. This information is important, since it can be
utilized for regulation of the precursors, investigation of the manufacturing sour-
ces, and resultant prevention of abuse. To obtain this information, analytical
techniques which offers a high degree of enantioresolution are required.

Because of above, the knowledge about methamphetamine, analytical
procedures to determine purity of drug as well as impurity profiling and enan-
tiomeric composition, and also the detection and identification in different matrix
types is significant for many reasons, including prediction and protection applied
to reduction in drug addiction.

The aim of this work was to develop and optimize a chiral gas chromatographic
method for the separation of compounds likely to be found in the EMDE synthesis
of methamphetamine. However, this could not be achieved without pure enantio-
mers and diastereomers of chloroephedrine which are intermediates and
possible contaminants formed when methamphetamine is manufactured using
EMDE method. These chloroderivatives are not commercially available. There-
fore, the synthesis of these compounds was required and thereafter the
determination of conformations and configurations by NMR and GC-MS was
carried out.

We have shown that chlorination of the ephedrine/pseudoephedrine
compounds occurs via inversion (S 2) and retention (S i) of configuration around
the carbon and mixture of diastereoisomers (chloroephedrine and chloro
pseudoephedrine) were formed , with the ratio of the resulting
compounds dependent on the precursors used [5].

Afterwards, the separation of the enant

phase
(CHIRALDEX G-PN). A temperature-programmed method was developed and
optimized. Trifluoroacetylated 3-(trifluoromethyl)phenethylamine hydro-
chloride was used as an internal standard, and mass fragmentation patterns are
proposed for all derivatives analyzed. Qualitative validation of the optimized
chromatographic conditions was completed in accordance with the guidelines

N N

α

iomers of precursors, chlorinated
intermediates and methamphetamine was carried out using fluorinated acid
anhydrides as chemical derivatization reagents prior to gas chromatographic
analysis on a 2,6-di- -pentyl-3-propionyl silyl-cyclodextrin stationary

-
(Fig. 1, 2)

O
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published by the United Nations Office on Drugs and Crime. The simultaneous
enantioseparation of these compounds to produce a profile would provide
valuable information to law enforcement agencies regarding the provenance of a
methamphetamine seizure.

The combination of NMR and GC-MS should be considered as a suitable
approach for chiral analysis of other compounds and useful for various fields
which require accurate stereochemical data. The examples here are secondary
amines required for forensic purposes, but equally can be applied to molecules of
interest to pharmaceutical and general analytical science.
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Type 1 diabetes mellitus is a serious autoimmune metabolic disease characterized
by impaired carbohydrate metabolism resulting in permanent hyperglycemia
(elevated level of blood glucose), polyuria (frequent urination), polydipsia (in-
tense thirst), and total exhaustion along with disruption of acid-base balance of
the organism. The outbreak occurs at an early age, especially during puberty, and
it can have a genetic basis [1, 2].

Current diagnostic tests of diabetes are carried out by measuring blood or
plasma glucose concentration [2]. The detection of type 1 diabetes mellitus
is usually impossible before its onset, and therefore it is very difficult to prevent
acute complications of the disease. Positive diagnosis is usually made after the
patient’s sudden collapse or when specific symptoms of fully developed diabetes
occur. Similarly to some other diseases, diabetes is also accompanied by changes
in concentration and conformation of certain blood plasma proteins and other
biomolecules in patients [3]. These structural changes take place probably long
before the full manifestation of diabetes. These facts can be used for the deve-
lopment of new diagnostic methods for this disease that could help in the disease
monitoring and even its early-stage diagnosis.
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We investigated blood plasma samples of type 1 diabetes mellitus patients and
healthy controls by means of chiroptical spectroscopy: electronic circular
dichroism and Raman optical activity. The measurements were supplemented by
common unpolarized methods of molecular spectroscopy: infrared and Raman
spectroscopy. Unlike their unpolarized variants, chiroptical methods are among
the few methods inherently sensitive to the 3D structure of chiral biomolecules
[4, 5]. Therefore, chiroptical methods may be able to detect changes in the stereo-
chemistry of several biomolecules occurring during many diseases. Real clinical
samples have not been widely analyzed by chiroptical methods; however, studies
focused on the possibility of using these methods for measuring blood plasma
samples have been carried out [6, 7].

Blood from type 1 diabetes mellitus patients and healthy controls was
collected by venipuncture and the isolated plasma was frozen immediately and
stored at –70 °C. The electronic circular dichroism analyses of blood plasma
samples were performed after thawing the samples at ambient temperature. All
samples were diluted by a sterile phosphate buffer (pH = 7.4). In order to suppress
very strong background fluorescence of the blood plasma samples in Raman
optical activity and Raman spectroscopy, a fluorescence quenching method was
applied [6, 7]. After obtaining the sample spectra, the data sets were evaluated by
statistical methods (primarily using linear discriminant analysis) for each of the
above mentioned spectroscopic method and also for their specific combinations.
In the statistical evaluation, the attention was paid mainly to the spectral ranges
corresponding to the protein secondary structures [5, 8, 9].

Spectral differences observed between the blood plasma samples of patients
and healthy controls indicate a possible diagnostic potential of chiroptical
methods for type 1 diabetes mellitus. It seems these methods might be useful for
the prospective diagnostics and monitoring of diabetes mellitus.
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The aim of this work was the development of a new method for the analysis of
metabolites in saliva by gas chromatography and tandem mass spectrometry,
(GC-MS/MS). Developed method includes a one-step sample pretreatment and
extraction by isopropanol (due to its good extraction capacity and higher freezing
point than methanol, which is most often used for this purpose), preconcentration
of the analytes by lyophilization and derivatization using silylation agents hexa-
methyldisilazane ( ) and -bis(trimethylsilyl)trifluoroacetamide ( )
and subsequent chromatographic analysis. This method is suitable for the
identification of various metabolites and other substances such as pharma
ceuticals, nicotine and caffeine in saliva samples.

Saliva is a body fluid possessing several functions involved in oral health and
homeostasis, with an active protective role in maintaining oral health. Saliva helps
bolus formation by moistening food, protects the oral mucosa against mechanical
damage and plays an important role in the preliminary digestion of food. It also
has a role in maintaining teeth enamel mineralization. Healthy adult subjects
normally produce 500–1500 mL of saliva per day, at a rate of approximately
0.5 mL/min [1], but several physiological and pathological conditions can modify
saliva production quantitatively and qualitatively, e.g., smell and taste stimulation,
chewing, psychological and hormonal status, drugs, age, hereditary influences,
oral hygiene [2], and physical exercise [1, 3].

Each type of salivary gland secretes a characteristic type of saliva. Differences
in the concentration of salts/ions [4] and total proteins [3] among glands can be
observed. Salivary proteins are expressed differently among individual glands,
like submandibular and sublingual glands. For example cystatin C is secreted by
the submandibular gland and MUC5B mucin and calgranulin are secreted by the
sublingual gland [5]. Moreover, salivary composition varies, depending upon
whether salivary secretion is basal or stimulated [4].
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Saliva tests are in a permanent development because of the easy and
noninvasive sample collection. Saliva does not give a view of longtime exposure,
but the compounds present in saliva are in high concentrations levels, because the
salivary glands are linked to blood capillaries and there is a straight exchange
between blood and saliva. Saliva tests are often used for forensic purposes, e.g. for
the determination of narcotics with relatively good sensitivity. Besides drugs
metabolites, endogenous metabolites can also be determined in saliva. High levels
of glucose, or low levels of albumin and immunoglobuline in saliva can indicate
metabolic diseases like diabetes [6]. The main advantages of saliva analysis are the
easiness and nonivasiveness of sample collection, the similar chemical com-
position to blood, sample analysis performable without medical personnel,
possibility of obtaining information about concentration levels of illegal substan-
ces, toxic pollutants or naturally presented metabolites [7].

This work was focused to the analysis of metabolites in saliva by GC-MS/MS
techniques. The aim of this study was the development of a new extraction
method, preconcentration of anaytes by lyophilisation, and derivatisation using
silanization agents HMDS and BSTFA. We had confirmed the presence of the target
compounds -paracetamol, ibuprofen and caffeine in real saliva samples by MS/MS
detection. The amounts of these compounds were affected by absorption, saliva
production, weight, and sex of the subjects. We have confirmed that the male
subject (with higher weight) had also faster metabolism and by that also faster
secretion of these substances into saliva.
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Generally, unsaturated hydrocarbons such as ethylene and propylene are not only
gases of considerable industrial significance but also typical air pollutants that are
formed and produced globally [1, 2]. These gases are mainly released from com-
bustion processes such as automobile exhaust, industrial combustion processes
and biomass burning [3]. In addition, ethylene is more often referred in a number
of gas sensing applications in contrast to propylene. It is promising fast on-line
tool for medical applications in non-invasive oxidative stress diagnostics [4] and
important plant hormone that commercially applied to control the fruits ripening
in storage facilities [5]. This explains particular significance of detection these
gases and to determine their concentration respectively. Consequently, the deve-
lopment of sensitive, reliable and portable gas replacing expensive and bulky
conventional analytical techniques [6] represents important task.

We have studied the electrochemical oxidation of ethylene and propylene on
two different electrodes including annealed gold (Au111) and highly ordered
pyrolytic graphite (HOPG), both modified by thin layer -tetra-
methyltetra-3,4-pyridinoporphyrazinocobalt, (abbreviated: CoTmt-3,4-ppa) and
utilized this compound in construction of electrochemical gas sensor. The choice
of complex CoTmt-3,4-ppa, as an electron transfer mediator between the elec-
trode surface and analyte in solution, was given by its redox properties and ability
to form low soluble and electrically conducting film on electrode surface [7, 8]. In
this work we modified annealed Au111 and HOPG electrode respectively by three
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different deposition techniques: adsorption, electrochemical deposition and spin
coating leading to deposition of an insoluble film on electrode surface.

Our main interest has been focused on optimizing conditions of electro-
catalytic detection unsaturated hydrocarbon on each modified electrode. The
electrochemical behaviour of hydrocarbons was studied in aqueous phosphate
buffer by cyclic voltammetry at laboratory temperature. Furthermore, thin layer
ionic liquid appeared to be more promising electrolyte due to its low toxicity and
reportedly higher solubility of unsaturated hydrocarbons compared to water,
which can increase the sensor response [5]. The electrochemical results were
completed by in situ backscattering VIS spectroscopy and ex situ atomic force
microscopy which allow to get better understanding of deposition process mecha-
nism and film stability respectively. The applicability of individual deposition
techniques for electrochemical detection was considered.
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Nucleic acids, lipids and membranes are constantly attacked by reactive oxygen
radicals which leads to damage of these biological structures. One of the attacked
DNA nucleotide might be guanine, which is transformed to 8-hydroxy-2'-deoxy-
guanosine [1]. 8-Hydroxy-2'-deoxyguanosine is considered as a marker of DNA
oxidative damage. It can be determined in the different kinds of human fluids such
as urine, plasma, serum, saliva [2], in which 8-hydroxy-2'-deoxyguanosine is ex-
creted after enzymatic DNA repair. High 8-hydroxy-2'-deoxyguanosine levels
were observed in many serious diseases such as different types of cancer (lung,
hepatocellular, breast cancer and colorectal carcinoma [3]), degenerative disea-
ses (Parkinson), hematological disorders (acute leukemia, refractory anemia [4]),
arsenic-related Bowen’s disease [5] and chronic liver disease [6].

Creatinine is a major breakdown product of mammalian metabolism produced
in muscle tissue and eliminated in urine. The urinary creatinine concentration is
often used to correct urinary excretion of other chemical substances due to urine
dilution effects, since the excretion of creatinine is reasonably constant throu-
ghout the day.

This work is focused on the development of new analytical method for the
determination of 8-hydroxy-2'-deoxyguanosine and creatinine in human urine.
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for Determination of 8-Hydroxy-

-2'-deoxyguanosine in Human Urine

B Č L K D Č
D S B M L S P S

ARBORA ERVINKOVÁ ENKA RČMOVÁ AVID ECHLOVSKÝ

AGMAR OLICHOVÁ OHUSLAV ELICHAR UBOŠ OBOTKA ETR OLICH

a, a, a

a, a

b, b

b c b
*, , ,

, , ,

a

b

D in Prague,epartment of Analytical Chemistry, Faculty of Pharmacy, Charles University

Heyrovského 1203, 500 05 Hradec Králové, Czech Republic barbora.cervinkova@gmail.com

III. Internal Gerontometabolic Clinic, University Hospital,

Sokolská 581, 500 05 Hradec Králové, Czech Republic

Department of Oncology, Palacký University Medical School & Teaching Hospital,

Třída Svobody 8, 771 26 Olomouc, Czech Republic

�

c

Keywords

clinical research
human urine
8-hydroxy-2'-deoxyguanosine
UHPLC/MS-MS

48 the 9 3Proceedings of th ISC Modern Analytical Chemistry Prague 201▪



Ultra High Performance Liquid Chromatography in combination with mass
spectrometry (UHPLC/MS/MS) was used. During method development chro-
matographic and mass spectrometry conditions and sample preparation
procedure were optimized. Solid phase extraction and simple precipitation follo-
wed by centrifugation and filtration were tested in sample preparation procedure.
Different kinds of solid phase extraction phases (Spe-ed™ Flow C18, Oasis MCX,
HLB, LiChrolut EN) were tested. Method of simple precipitation included sample
dilution, precipitation, centrifugation and filtration using microtitration plate.
Based on the results of the sample preparation, solid phase extraction method
using Oasis HLB Vac Cartridge C18 200 mg/3 mL (Watters) was selected. Chro-
matographic analysis was performed on UHPLC system Nexera (Shimadzu) with
stationary phase Aquity UPLC BEH Amide at dimension 1.7 μm 3.0×150 mm
(Waters). As the mobile phase, combination of acetonitrile and 10 mM ammonium
formate buffer with flow rate 0.4 mL/min was used. Creatinine was detected by UV
detection at 235 nm. Detection conditions for 8-hydroxy-2'-deoxyguanosine were
optimized using triple-quadrupole mass spectrometer LC-MS 8030 (Shimadzu)
with electrospray ionization in positive mode. MS/MS detection was based on
Multiple Reaction Monitoring transitions 284/168, 284/140, 284/112.

Development of new method for determination of 8-hydroxy-2'-deoxy-
guanosine could have a large benefit for clinical practice. The determination might
contribute to easier prognostics and therapy monitoring of various types of
serious diseases, which are linked to DNA damage.
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In order to reduce carbon dioxide emissions and fossil fuel dependence the deve-
lopment and uptake of electric vehicles play a key role. Achieving performances
acceptable for a wide range of users, and not only for the early adapters, requires
the development of innovative energy storage with higher energy density, higher
safety and lower environmental impact. To serve this purpose, larger lithium-ion
batteries are developed, increasing the necessity of the risk assessment for unex-
pected chemical hazards, due to misuse or extreme operating conditions. The aim
of this research work is the development of a standardized test method for the
characterization of the gaseous emissions of lithium-ion cells, focusing on
the improvement of safety and environmental issues.

The qualitative and quantitative analysis of gaseous products, generated
during the cycling operation and misuse conditions, is typically performed by Gas
Chromatography/Mass Spectrometry (GC/MS). In order to enhance the time
resolution, two different approaches of fast GC techniques will be investigated.

The first technique chosen is the vacuum outlet GC/MS technique, with which
we can develop a fast chromatographic method without the need of special injec-
tion or detection equipment. Conventional GC/MS instrumentation can be used in
this case, which represents a significant advantage regarding the other fast
chromatographic techniques. Under vacuum-outlet conditions, short, mega-bore
columns are the most suitable to use, extending the vacuum across the whole
column length, and providing a higher analysis speed than the same column
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operated at atmospheric outlet pressure [1]. In such applications, a restriction
coupled to the column inlet is necessary for restricting the carrier gas flow to an
acceptable level for the detector and prevailing above-atmospheric pressures for
the operation of the injection system and still low-pressure conditions throughout
the entire column [2]. The lower elution temperatures required for vacuum outlet
applications allow heavy components to elute in shorter time, improving analysis
time and sensitivity and generate less stationary phase bleed, providing better
mass spectra, with higher signal to noise ratios and reduced risk of pollution of the
ion source [3].

The second applied technique is the Multiplex-Gas Chromatography.
‘Multiplexing’ techniques, for example, Fourier and Hadamard transformations,
are commonly used in spectroscopy and mass spectrometry to increase the duty
cycle and improve the signal-to-noise ratio [4]. To achieve high time resolution,
short and precise injection intervals in the range of 500 to 2000 ms and short and
highly reproducible injection pulses are applied, so that sample is injected conti-
nuously while a run is still in progress [5]. In this way, on-line measurements are
also enabled and the relative concentrations of the analytes in each sample
are obtained by the use of a deconvolution algorithm for the raw data, which has to
be developed and applied to the data sets [6].

The significance of this work is basically lying in the ability to perform quali-
tative and quantitative analysis of gas emissions from lithium-ion cells used under
extreme conditions and to estimate the potential hazards arising. Despite of their
great importance, the aforementioned aspects have not been studied syste-
matically yet. In addition, the application of the vacuum outlet GC/MS technique,
for the fast and precise analysis of the emitted gases, and the Multiplex-GC/MS for
on-line measurements under extreme heating or charging conditions of the cells,
lead to the development of a successful tool for the characterization of rechar-
geable lithium-ion batteries. For these reasons, the results of this work can be
used for future optimizations on the components of the batteries, contributing
to the development of highly efficient, safe and environmentally friendly Li-ion
batteries.
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In recent years, more and more attention is given to the search for natural diet
ingredients, regular consumption of which may be important for the protection of
human health against civilization diseases, mainly cardiovascular and cancer.
Fresh fruits and products made of them, especially fruit juice, provide the basic
energetic substances (simple and complex sugars) and are a source of health
beneficial vitamins, macro and microelements, antioxidants and compounds
which are classified together with essential oils (for example terpenes), which
positively affect human s health. These last two groups of bioactive compounds
are very important for the human organism because they associate free radicals
and heavy metals, by acting in anti-inflammatory, anticancer, antibacterial, anti-
fungal, antiviral and antiallergic way [1–3]. Moreover, the terpenes present in
fruits are responsible for taste and fragrances values of these products. This
knowledge has contributed to search for so called superfruits [4, 5] and the deve-
lopment of new food products and pharmaceuticals based on such fruits.

One of the most promising tropical fruit is a Cape gooseberry (
L.), also known as Golden berry, Physalis, Inca berry, Aztec berry, Giant

ground cherry, Peruvian groundcherry, Peruvian cherry. These fruits have been
cultivated for a long time in the Andes, as well as in California, South Africa, India,
New Zealand, Australia and Egypt [6]. Goldenberries are gold juicy beads with size
of about 2 cm. During growth the fruits are protected by the surrounding leaves
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(fruits are mechanically protected by a surrounding dehydrated calyx), from
which after ripening stage, is formed a paper husk – looking like Chinese lanterns.

In Poland these fruits are available in some specialized stores with national
origin organic food or sporadically occur in supermarkets as fruits imported from
South America. These fruits, like other exotic fruit can be eaten not only as fresh or
dried fruit, but also as an interesting components of salads, desserts, jams and
juices.

Previous work on the fruit L. discussed content of com-
pounds represents the group of physiologically active steroid lactones, which are
present in the leaves [7] and roots [8].

Profile of volatile compounds for the first time was studied in 1989 using
liquid-liquid extraction technique in combination with gas chromatography with
flame ionization detector, gas chromatography olfactometry, and gas chromato-
graphy mass spectrometry [9]. It has been shown that the cape gooseberry fruits
is a research source of compounds from the group of aldehydes, ketones, acids,
lactones, terpenes and esters.

There are various chromatographic techniques used for analysis of solvent
extracts obtained from fruits. For many years these techniques were in the area of
great interest because of the wide range of application. At present, conventional
gas chromatography offers high peak capacity and resolution power. However, it
does not enable the separation of all components of complex matrices introduced
to the column. The reason for unreliability of this technique is insufficient selec-
tivity of applied columns and extended chromatographic bands during migration
of the sample components through the column. That is why the combination of
two chromatographic columns with different selectivity started to be used for
separation of the components of complex matrices.

The terpenes profile of cape gooseberry was determined by headspace solid-
-phase microextraction coupled with comprehensive two-dimensional gas chro-
matography with time-of-flight mass spectrometry (HS-SPME/GC×GC-TOFMS).
The procedure was based on extraction and preconcentration of analytes to the
stationary phase of the fiber from headspace phase and further thermal desor-
ption from the fiber in the GCxGC injector port. The GC×GC system (Agilent
7890A), equipped with liquid nitrogen-based quad-jet cryogenic modulator and
time-of-flight mass spectrometer (LECO Pegasus 4D) was applied for the whole
analysis. Helium was used as the carrier gas with a constant flow rate of 1mL/min.
The obtained GC×GC total ion chromatograms were processed using automated
spectral deconvolution software ChromaTOF (version 4.44, LECO). Mass spectral
match factor was used to decide whether a peak was correctly identified or not.

The berries were found to contain around 110 terpenes identified by GC×GC-
-TOFMS. According to their chemical structure, the compounds were organized in
different groups: monoterpene hydrocarbons and monoterpene oxygen-contain-
ing compounds (oxides, alcohols, aldehydes, and ketones). Positive identification
of some of the terpenes was performed using 22 standard compounds, while

Physalis peruviana

Proceedings of th ISC Modern Analytical Chemistry Prague 201the 9 3▪ 53



tentative identification of the rest of analytes was based on deconvoluted mass
spectra and comparison of linear retention indices with literature values.

The results indicate that the used method HS-SPME/GC×GC-TOFMS is a good
alternative for determination of volatile and semi-volatile compounds compared
with other concentration techniques and separation methods of volatile analytes,
mainly terpenes. Furthermore, this method enables the analysis of complex
matrix composition with improved sensitivity and selectivity. Also it limits the use
of chemical reagents in the step of sample preparation.

Tentative identification of terpenes was verified by comparing their linear
temperature-programmed retention indices with literature values. Furthermore,
the identification of some terpenes was proved by comparison of their

and mass spectra with those of authentic standards. GC×GC
analysis of C8–C20 -alkanes series was performed for the calculation of

.
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Fig. .1 Structure of Fosamprenavir

Fosamprenavir (Fig. 1) is an antiretroviral medi-
cation that belongs to a group of drugs known as
protease inhibitors. Fosamprenavir is the
phosphate ester prodrug of amprenavir. Fosam-
prenavir is absorbed into the blood stream
through the wall of the small intestine where it is
converted to amprenavir. Amprenavir interferes
with the life cycle of HIV to stop it from producing
more virus [1–2].

The new procedure has been developed for
determination Fosamprenavir. Developed proce-
dure is based on a carbon paste electrode as
working, the Ag/AgCl/3 mol L KCl referenceand a platinum counter electrode in
Britton Robinson buffer (pH ~ 2) using square wave voltammetry. Triton X-100
was found to have a positive effect on the analytical signal. In the presence of
Triton X-100 the signal increased almost five times. The promising analytical
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performance was obtained with developed method. Concentration calibration
was linear in the range of 1×10 to 5×10 Fosamprenavir. In sense of low
detection limit (4.8×10 ) and good repeatibilty and reproducibity of the
results (4.50%) and (4.07%) respectively, The method was used to determine
Fosamprenavir in pharmaceutical dosage form successfully. Study the mechanism
of electrochemical reaction also was carried out and aromatic amine part of the
molecule found to be involved in electrochemical oxidation of Fosamprenavir.
The oxidized form takes part in follow up reactions and the products also are
electroactive and participate in redox reaction.
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Miniaturization is an actual trend in liquid chromatography. A micro-bore or capi-
llary columns allow lower volumes of mobile phases and of samples to be used.
Monolithic stationary phases formed by a single piece of highly porous material
are very suitable for miniaturization.

Organic polymer-based monolithic columns are prepared by in-situ radical
polymerization in fused silica capillary. The polymerization mixture contains
a crosslinking monomer, a functional monomer, porogen solvents and an initiator
of polymerization. Optimization of composition of the polymerization mixture
allows control of hydrodynamic and separation properties of columns such as
porosity, efficiency, and selectivity.

Various crosslinking monomers were used for the preparation of capillary
monolithic columns suitable for hydrophilic interaction chromatography. We have
applied crosslinking monomers (Fig. 1) with different lengths of alkyl chain
between two methacrylate units (ethylene, tetramethylene, hexamethylene
dimethacrylate), a crosslinking monomer with oxyethylene chain (dioxyethylene
dimethacrylate), a crosslinking monomer with three acrylate units (pentaerythri-
tole triacrylate), and crosslinking monomers with aromatic units in their
structures (bisphenol A dimethacrylate and bisphenol A glycerolate dimeth-
acrylate). -dimethyl- -metacryloxyethyl- -(3-sulfopropyl) ammonium beta
ine has been used as a functional monomer for preparation of monolithic columns
in hydrophilic interaction chromatography. We have used 1-propanol, 1,4-butane-
diol and water as a porogen solvents and azobisizobutyronitrile as initiator of the
reaction.

N, N N N -
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To investigate the effects of the crosslinkers on the pore size distribution,
inverse size-exclusion chromatography has been used. We also determined the
effects of the applied crosslinkers on the efficiency of prepared columns using van
Deemter plots. Columns prepared with dioxyethylene dimethacrylate and
bisphenol A glycerolate dimethacrylate showed the efficiency up to 70 000 theo-
retical plates/m. The columns provided a dual retention mechanism and were
used for isocratic separation of model mixture of phenolic compounds both in
acetonitrile-rich mobile phases in HILIC mode and in the mobile phases with
higher concentrations of water in the reversed-phase mode.
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Fig. .1 S
-
-
-

-

tructures of methacrylate monomers. Crosslinking monomers: (1) ethylene dimethacrylate,
= 1 (EDMA), (2) tetramethylene dimethacrylate, = 2 (BUDMA), (3) hexamethylene dimethacry

late, = 3 (HEDMA), (4) dioxyethylene dimethacrylate, = 2 (DiEDMA), (5) pentaeritritole tri
acrylate (PETRA), (6) bisphenol A dimethacrylate (BIDMA), (7) bisphenol A glycerolate dimeth
acrylate (BIGDMA). Functional zwitterionic monomer: (8) -dimethyl- -methacryloxyethyl- -
(3-sulfopropyl) ammonium betaine (MEDSA).

n n

n n

N,N N N



These columns have been also applied in the separation of polystyrene
standards and toluene in size-exclusion chromatography. These columns provide
good run-to-run and batch-to-batch repeatability of the elution volumes with
relative standard deviation of 1.3% or lower on both columns.

The result of this work confirmed significant effect of the length and chemistry
of the chain in the crosslinking monomer on the efficiency of polymethacrylate
capillary columns and importance of its optimization to obtain suitable pore
morphology enabling isocratic separations of complex mixture of phenolic
compounds. The optimized columns can be used not only in the one-dimensional
but also in comprehensive two-dimensional liquid chromatography.
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In 2009 Armstrong et al. introduced chiral stationary phases based on native and
derivatized cyclofructans [1]. Since that time cyclofructans as chiral selectors
found applications in many separation techniques including HPLC, gas chromato-
graphy, and capillary electrophoresis [2–5].

The structure of cyclofructan molecule is composed of six, seven or eight
-fructofuranose units connected via

-

yclofructans have
their crown-ether skeleton sterically blocked by intramolecular hydrogen bonds,
therefore their separation abilities are quite limited. As a result of introducing of
derivatization groups into the cyclofructans molecule the molecule relaxes and
crown-ether core becomes more accessible and the enantioselective potential
significantly increases. Character of the derivatization moiety has substantial
impact, since aliphatic derivatization moieties particularly improve enantio-
selectivity especially for amines, while aromatic derivatization groups improve
enantioselectivity among various compounds.

The aim of our work was to study chiral stationary phases based on derivatized
cyclofructans under the conditions of normal phase mode HPLC. Overall, three
cyclofructans chiral stationary phases were studied. DMP-CF7 chiral stationary
phase contained 3,5-dimethylphenyl carbamate bonded onto silica gel (Larihc
CF7-DMP column), RN-CF6 chiral stationary phase contained -naphthylethyl
carbamate (Larihc CF6-RN column) and IP-CF6 isopropyl carbamate (Larihc
CF6-P columns) both bonded onto silica.

D β (2→1) linkage [6]. The connected
saccharide units form a crown-ether ring, which significantly determinates chro
matographic behavior of cyclofructans. Common abbreviations CF6, CF7 and CF8
indicates a number of saccharide units forming the ring. Native c
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To determine and quantify the interactions participating in the retention pro-
cess a linear free energy relationship model (LFER) was employed. This model is
based on the idea that retention (expressed as log , where is a retention factor)
is composed of independent contribution according to the involved interaction
type. The most common LFER equation works with five type of interactions
(dispersion interactions, hydrogen bond acidity, hydrogen bond basicity, pola-
rity/polarizibility, and ability to interact via - and/or electron pairs).The LFER
set contained 35 compounds, whose chemical features were described. The des-
cription is based on the physical measurements/calculations and expressed as
a number (a descriptor). After analysis of LFER set, logarithms of obtained reten-
tion factors undergo multilinear regression analysis (log against the descrip-
tors). Results of multilinear analysis, regression coefficients, indicate whether the
particular interaction type is dominant in the stationary phase (positive value of
the regression coefficient) and thus increases the retention or in the mobile phase
(negative value of the descriptor) and decreases retention or the same in both
phases (statistically insignificant regression coefficient)

At first, individual cyclofructan chiral stationary phases were compared
(Table 1). The same types of interactions in a different extent were shown to be

k k

n

k

π-

Column Mobile phase Model

CF6-RN hex/IPA/TFA OM × 1.128 1.596 1.169 0.944 0.953
80/20/0 ± 95% CI 0.298 0.302 0.382 0.307
v/v/v -value 0.000 0.000 0.000 0.000

CF6-IP hex/IPA/TFA OM 0.518 1.573 0.887 0.401 0.963
80/20/0 ± 95% CI 0.228 0.211 0.282 0.232
v/v/v -value 0.000 0.000 0.000 0.001

CF7-DMP hex/IPA/TFA OM 0.803 1.729 0.703 1.048 0.950
80/20/0 ± 95% CI 0.305 0.287 0.391 0.315
v/v/v -value 0.000 0.000 0.001 0.000

CF6-RN hex/IPA/TFA OM 0.891 1.535 0.918 0.892 0.965
80/20/0.5 ± 95% CI 0.244 0.231 0.316 0.254
v/v/v -value 0.000 0.000 0.000 0.000

CF6-IP hex/IPA/TFA OM 0.594 1.486 0.821 0.553 0.957
80/20/0.5 ± 95% CI 0.242 0.226 0.311 0.254
v/v/v -value 0.000 0.000 0.000 0.000

CF7-DMP hex/IPA/TFA O.M 0.927 1.622 0.765 1.110 0.956
80/20/0.5 ± 95% CI 0.287 0.267 0.368 0.300
v/v/v -value 0.000 0.000 0.000 0.000

e s a b v c R

p

p

p

p

p

p

× – –

× × – –

× × – –

× × – –

× × – –

× × – –

Table 1

Comparison of regression coefficients of the LFER equation and correlation coefficient for systems
with three cyclofructan chiral stationary phases under normal phase mode HPLC. CI represent
±95% confidence interval; × insignificant interaction; OM optimal model of the LFER equation;
the -values express probability of the error that the individual coefficient does not contribute to the
model (i.e., -values represent the significance of the individual coefficients).

R

p

p
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preferred by all three chiral stationary phases, i.e. hydrogen bond acidity and
dipolarity/polarizibility. Also the effect of hydrophobicity as the retention
reducing factor plays a role with all tested cyclofructan based chiral stationary
phases. Hydrogen bond basicity and interactions with - and -electron pairs
seemed to be insignificant.

The logical continuance of our work was to study interaction of cyclofructan
chiral stationary phases in supercritical fluid chromatography. This separation
method uses carbon dioxide in a supercritical state as the component of the
mobile phase. In the first article introducing cyclofructan chiral stationary phases
was mentioned the possibility of use cyclofructan chiral stationary phases in
supercritical fluid chromatography. However, the detailed study has never been
done.

To this purpose DMP-CF7 chiral stationary phase was chosen. The same model
as for HPLC was used for the characterization and further comparison of retention
interaction under HPLC and supercritical fluid chromatography conditions. The
LFER model confirmed that different interactions participated to different
degrees in the retention process on DMP-CF7 chiral stationary phase in super-
critical fluid chromatography and HPLC (Table 2). The results suggested that the
adsorption of some components of the mobile phases is more important in
supercritical fluid chromatography than in HPLC.

n π

Method Mobile phase Model

HPLC Hex/IPA/TFA OM 0.789 × 1.597 –0.810 0.881 0.95
80/20/0.0 ± 95% CI 0.277 0.310 0.389 0.330
v/v/v -value 0.000 0.000 0.000 0.000

HPLC Hex/IPA/TFA OM 0.933 1.516 0.917 0.940 0.96
80/20/0.5 ± 95% CI 0.254 0.274 0.348 0.296
v/v/v -value 0.000 0.000 0.000 0.000

SFC CO /IPA/TFA OM 0.459 0.514 0.949 1.011 0.410 0.94
80/20/0.0 ± 95% CI 0.250 0.263 0.251 0.494 0.359
v/v/v -value 0.001 0.000 0.000 0.000 0.026

SFC CO /IPA/TFA OM 0.537 0.472 0.936 1.204 0.227 0.94
80/20/0.5 ± 95% CI 0.253 0.267 0.255 0.501 0.364
v/v/v -value 0.000 0.001 0.000 0.000 0.212

SFC CO /MeOH/TFA OM 0.557 0.495 0.891 1.020 0.806 0.685 0.97
95/5/0.0 ± 95% CI 0.308 0.351 0.279 0.314 0.735 0.512
v/v/v -value 0.001 0.007 0.000 0.000 0.033 0.010

SFC CO /MeOH/TFA OM 0.627 0.553 0.795 1.113 1.165 0.422 0.93
95/5/0.1 ± 95% CI 0.446 0.508 0.404 0.455 1.064 0.741
v/v/v -value 0.007 0.034 0.000 0.000 0.033 0.254

e s a b v c R

p

p

p

p

p

p

× –

× × – –

× – –

× – –

– –

– –

2

2

2

2

Table 2

Comparison of regression coefficients of the LFER equation and correlation coefficient for
DMP-CF7 chiral stationary phases in supercritical fluid chromatography (SFC) and HPLC.
CI represent ±95% confidence interval; × insignificant interaction; OM optimal model of the LFER
equation; the -values express probability of the error that the individual coefficient does not
contribute to the model (i.e., -values represent the significance of the individual coefficients).

R

p

p
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Atmospheric air is one part of the environment ensuring the survival of life on
Earth. It contains not only the essential, natural components (oxygen, nitrogen,
carbon dioxide, etc.) but also a whole range of undesirable, unnatural substances.
The presence of pollutants in the air has a deleterious effect on the health of
humans, animals and plants; it also leads to irreversible changes in water and soil
(World Health Organization). The emission of BTX compounds (benzene, toluene,
xylenes) into the air is a subject of particular interest, principally in view of the
adverse effect on the environment and their possible transport into all of its
compartments. B compounds are among the most
hazardous and ubiquitous air pollutants, emitted from natural and anthropogenic
sources. Once released to the atmosphere, they can easily distribute in the
environment and therefore affect humans’ health. The dangers of the presence of
benzene and its alkylated derivatives in the environment stem from their toxicity,
mutagenicity and carcinogenicity towards living organisms. From environmental
point they play significant role in the formation of secondary pollutants and they
have influence on global environmental problems. For these reasons particularly
much attention is being paid to the determination of trace and ultra-trace levels of
these pollutants [1 4].

In the last few years particular pressure is exerted on finding new analytical
methods which would provide real possibilities of monitoring and control of the
state of the environment. The necessity to ensure proper quality of life for living
organisms at all levels of their evolution causes that all actions leading to an ever-
increasing quality of results of analytical measurements gain importance. To

enzene, toluene, and/or xylenes

–
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ensure the proper quality of the results of analytical measurements, two types of
tools are needed:

The basic types of tools at the disposal of analysts, are used to perform research on
appropriate representative samples with the aim of obtaining measurement data
which constitute the basis of reliable analytical information.

Intensive development of analytical techniques for measurement of gaseous
media and the negative effects of BTX compounds make it necessary to produce
new gaseous reference materials. Currently the most popular producers of gase-
ous reference materials are: The National Institute of Standards and Technology,
National Research Council of Canada, Institute for Reference Materials and
Measurements, International Atomic Energy Agency [5].

One novel approach to generating standard gaseous mixtures of toxic, reactive,
volatile, labile, and malodorous compounds involves thermal decomposition of
immobilized compounds. This approach is based on making use of surface
compounds, chemically bonded to the surface of a carrier, which, under defined
temperature conditions, undergo thermal decomposition or rearrangement,
releasing specific amounts of volatile compounds. Generated standard gas mix-
ture is analyzed on gas chromatograph coupled with flame-ionization detector
( ) [5–7].

Suitable preparation of surface of the ‘candidate’ for reference material is the
most difficult stage in the production of standard gas mixture. The main objective
of the research is to prepare new matrix-free reference materials for volatile
organic compounds such as BTX compounds using a glass fibers covered with thin
layer of aluminum and pure aluminum fibers as a support. The starting point for
the project is conducted from many years research on the production of new
matrix-free reference materials of gaseous substances, with the use of thermal
decomposition of surface compounds. The research is focussed on:

An essential role in the application of thermal decomposition process to obtain an
appropriate standard gas mixture is played by the type of carrier for immobilized
compounds: the amount of released analyte directly depending on its choice.

In the research glass fibers modified with aluminum are used. Fibers are placed
in a glass tube and treated with high temperature for a definite period of time.
Four-port valve is closed at the time of thermal decomposition. Then, after a given
period of time position of valve is changed, carrier gas stream flushes the analytes
from the chamber of thermal desorber, and the stream of gaseous mixtures is

appropriate analytical procedures;
measuring equipment.

chemical modification of solid materials which are characterized by properly
developed the active surface in order to obtain the desired surface compounds;
searching for optimal conditions for the thermal decomposition of surface
compounds in order to obtain well-defined quantities of the desired analytes;

GC-FID

searching for quick and convenient calibration techniques.▪

▪

▪

▪

▪
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directed into the gas GC-FID system. Thermal decomposition-GC-FID apparatus is
presented in the figure 1.

Homogeneity and stability are two basic parameters which play a decisive role
in the preparation of reference materials. In order to determine the degree of
homogeneity, a series of comparisons of results obtained for randomly chosen
samples of the reference material is carried out. Such process is always carried
through, after having previously divided the reference material among individual
packages and then ascertained the homogeneity inside the packages and between
them [8].

On the other hand, stability is determined on the basis of comparison of mea-
sured values for samples stored at a so-called reference temperature and those for
samples stored at the temperature recommended for the given material. Two
types of stability are distinguished: long- and short-term stability. Stability of ga-
seous reference materials is the main problem in their production[9].

The last important parameter related to reference materials are the given
reference value with calculated an expanded uncertainty value. Reference value
and expanded uncertainty value are calculated taking into account the results
obtained in interlaboratory comparisons campaign. Expanded uncertainty of
measurement is calculated according to ISO guidelines [10]. The necessity to meet
these requirements causes that the production of reference materials, gaseous
reference materials in particular, is time-consuming labor-intensive and conse-
quently very costly.

On the basis of the results it will be possible to:
shorten the time of analysis,
eliminate sources of error,
obtain higher level of precision and accuracy of the analysis.

▪

▪

▪

Fig. .1 The apparatus used in the investigation.
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Moreover, this form of reference materials will provide a useful tool for routine
screening in daily laboratory practice.
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In method, based on the electrochemistry at the interface between two immiscible
electrolyte solutions (ITIES), transfer of ions across the ITIES provides the ana-
lytical signal besides the oxidation or reduction of the analyte as in case of other
electrochemical methods. Koryta, Samec, Mareček, and coworkers were among
those who developed this topic of electrochemistry [1, 2]. Since then, ITIES found
wide range of applications from classical electrochemical methods including
amperometry [3] to solar cells [4]. Moreover, ITIES can be used as a biomimetic
(model) system for membrane charge transfer processes in biological systems [5].
Important application of ITIES can be found in drug delivery (e.g. heparin [6, 7],
tetracyclines [8, 9] dopamine [10]) across the cell membrane. Substantial mini-
aturization of ITIES technique was introduced by Girault and Taylor [11].

Our aim was to construct potentiometric sensor utilizing ITIES that would be
suitable for flow analysis. In our experiments we have used the water/1,2-dichlo-
robenzene interface. Aqueous phase served as a mobile phase while nonaqueous
phase contained phthalocyanine mediator. Phthalocyanine compounds were
chosen as mediators offering a wide variety of modifications affecting their
physico-chemical and redox properties. The cell design was optimalized by
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determination of model reductive analytes such as sulphides and cysteine, which
can be detected in open-to-air conditions. Under these conditions, oxidation form
of mediator is regenerated competitively by oxygen, establishing equilibrium
interface/membrane potential. This type of cell is resistant towards gas bubbles in
mobile phase and it appears to be the suitable choice for detection of sulfide-con-
taining compounds.
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Inherited metabolic disorders belong to the major causes of morbidity and mor-
tality of children and adults. Therefore, the need for a simple, rapid and reliable
method for their diagnosis increases. Galactosemia belongs to the most serious
metabolic disorders of carbohydrate metabolism affecting newborns [1].

Although carbohydrate analysis is not a new research area, methods for their
simple and rapid analysis which can be performed routinely are still in develop-
ment. One of the greatest difficulties of carbohydrate analysis is the number of
possible isomeric forms of the saccharides, e.g., the simple monosaccharide
glucose can exist in six different forms (simple open chain,

;
er, they

are very polar and nonvolatile, lack easily ionizable groups, do not have fluores-
cence and most of them do not absorb light in the analytically usable area of the
light spectrum, what prevents their sensitive detection [2, 3]. As they are very
polar and nonvolatile compounds, even their GC analysis is a complex problem, as
they have to be derivatized before gas chromatographic analysis. Their analysis
without derivatization is nearly impossible as they give unreproducible tailing
peaks and their polar groups interact with the column and other parts of the
analytical separation system degrading and shortening its lifetime. Derivatization
makes mono- and disaccharides more volatile and less polar so that they can be
analyzed by gas chromatography.

its hydrated form,
α- and β-glucopyranose, α- and β-glucofuranose). The second difficulty is the fact
that simple monosaccharides differ only slightly in their hydroxyl groups, what
makes their identification in complex mixtures nearly impossible. Moreov
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A variety of derivatization procedures were developed in dependence on the
task to be solved. Most frequently the saccharides are analyzed as acetyl, trifluoro-
acetyl or trimethylsilyl derivatives. The trimethylsilyl derivatives however are
sensible to the presence of water, in which presence their decomposition may
occur. Another problem related to their determination is their mutarotation. If the
anomeric centres are not eliminated, derivatization fixes the carbohydrate in its
actual form in the solution. Therefore, prior to the derivatization step, the elimi-
nation of the anomeric centers is often performed. Carbohydrates containing
carboxyl groups require an additional derivatisation step, otherwise some of
the carboxyl groups remain underivatized, resp. are transformed to lactones or
esters [3, 4–7].

Undigested carbohydrates are in an unaltered or a reduced form excreted
in urine, where they can be reliably determined. The need of immediate diagnosis
is obvious, but the medical diagnosis is often lengthy and even painful, therefore
new methods of rapid and simple diagnosis are needed. Saccharides present in
urine either in unaltered form or as polyols can be easily determined by gas
chromatography in a relatively short time without the need of blood tests.

The aim of this work was the development of a new method for the gas chro-
matographic determination of carbohydrates. The main object of study was the
development of a simple method of sample pretreatment and derivatization
by silylation. The published methods of carbohydrate derivatization by silylation
are time-consuming and complicated due to the need of sample evaporation. This
work was aimed at the development of a derivatization method for saccharides in
aqueous samples without water evaporation, which w

-
°

as achieved by silylation
using a mixture of HMDS:TMCS:PYR (hexamethyldisilazane:trimethylchloro
silane:pyridine) in a large excess to the aqueous sample at 70 C.
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Trypsin is the most widely used protease for protein digestion in proteomic
research. The speed of proteolytic digestion is affected by many factors, such as
pH, temperature, presence of organic solvents, enzyme autolysis or the substrate
tertiary structure [1]. Trypsin cleaves peptide bonds with high specificity after
lysine (K) and arginine (R) residues, except when followed by proline (P) [2].
However, missed cleavage peptides are often observed when the motifs KK, RR,
KR, or RK are present in the sequence. These motifs are cleaved with greatly
reduced speed. Glutamate or aspartate acidic residues (E or D) present near the
cleavage site can also reduce the proteolysis speed [3]. These acidic amino acids
can form salt bridges with the basic arginine and lysine, competing with the
complementary aspartic acid at the bottom of trypsin s active site. Consequently,
motifs such as KD, KE, DK, and EK (and analogical with arginine) are also source of
missed cleavage peptides. Digestion kinetics of these motifs is not well known.

Furthermore, due to the different structure of two possible cleavage sites
(lysine and arginine), the strength of the bond with enzyme s active site is not the
same. As a result, different rules for digestion at lysine and arginine residues have
been observed [4]. Therefore, it can be predicted that the kinetic parameters of
enzymatic reactions will be affected differently by the presence of acidic amino
acids.

In this study, porcine trypsin and eight synthetic peptides with lysine cleavage
site were studied in order to determine the changes of tryptic digestion rate in the
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presence of acidic residues. Peptide digests were analyzed by reversed-phase
HPLC method with UV detection. The results (Tab. 1) showed that the presence of
acidic amino acid residues near the cleavage site decreases the peptide digestion
speed. It was experimentally observed that the aspartic acid is more potent
inhibitor than glutamic acid; this may be related to its higher acidity (p of side
chain is 3.65 and 4.25, respectively). The kinetic constants were lowered more
significantly with acidic residues located before than after the cleavage site. To the
lesser extent these trends are also true for motifs when the acidic amino acid is
separated from the cleavage site by another amino acid. To our knowledge these
results are the first direct measurement of proteolytic digestion kinetics of
selected missed cleavage motifs. The results are applicable in proteomic research
and potentially for development of modified enzymes.
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Kinetic constantCleavage site
sequence motif [10 s ]

[K] 9.74
[KE] 8.58
[EK] 4.41

[KTE] 9.07
[KD] 2.68
[DK] 0.14

[KTD] 7.75
[DTK] 2.69

–3 –1

Table 1

Experimentally observed kinetic constants of selec-
ted peptides with following sequence: LYAA[X]LYAVR.
[X] represents sequence motif consisting of 1 3
amino acids which includes tryptic cleavage site.

: D = aspartic acid, E = glutamic acid,
K = lysine, T = threonine.
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In view of continuous human activity, the amount of environmental pollution is
rapidly growing. Volatile organic compounds, including short chain volatile fatty
acids, play a significant role in the process of anaerobic biodegradation of organic
matter. The main sources are municipal waste landfills and sewage treatment
plants. However, volatile fatty acids formation can occur in industrial food pro-
cessing (including dairy products, food product preservation, alcohols) and are
in living organisms (mainly in ruminant stomachs). Some volatile fatty acids, in
particular acetic, propionic and butyric acids, are partially responsible for unplea-
sant smell around sewage treatment plants and landfills [1].

An ‘young’ landfills large amounts of easily biodegradable organic matter
present undergo rapid anaerobic fermentation, giving simple fatty acids [2].
Acidic fermentation is accelerated by high humidity and high water content [3]. In
the initial process called the acid phase (acidogenic), up to 95% organic matter
content is co reverted into volatile fatty acids [1]. As a result pH drops to low value
decreases and some metals can be released [4]. An intensive growth of acetic bac-
teria, severe consumption of organic substrates and biogenic compounds occur at
this phase. The leachates are rapidly loaded with carbon compounds, which
results in the high numerical increase in the indicator
[5]. As the landfill matures, the methane (methanogenic) phase dominates. The
pH of the waste is stabilized with the use of bacterial compounds from the volatile
fatty acids group as a source of easily assimilated carbon [6]. After reaching
a neutral pH a transition into the appropriate degradation phase occurs, which is
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characterized by complex interactions between microorganisms [5]. Methane is
produced with the involvement of methane bacteria. A sharp increase in biogas
production has been observed, with a corresponding decrease in the concen-
tration of organic carbon compounds. With the consumption of soluble substrates
(carboxylic acids), the rate of methane production slowly decreases and carbo-
xylic acids are consumed as fast as they are produced [5]. A slow humification of
organic matter in waste also occurs [7]. Sewage treatment, based on the activated
sludge method, is an example of volatile fatty acids playing a positive role in the
environment. Short chain carbyxolic acids, or simple organic compounds, present
in sewage are an endogenous source of energy and carbon for microorganisms
responsible for purification processes. The content of volatile fatty acids at
various steps of waste water treatment or biogas formation must be monitored;
volatile fatty acids either a total content of acids or rather individual acid are
determined.

It is worth recalling that there are various means of determining organic acid in
different kinds of samples. The main of them are separating techniques such as gas
or liquid chromatography or capillary electrophoresis must be applied.

Gas chromatography is usually a technique of choice. The mobile phase in GC is
a neutral gas, which is environmentally safe. The use of capillary columns which is
generally the case reduces the consumption of carrier gas, even by as much as two
orders of magnitude. In comparison with packed columns, the capillary column
usually contains less solid phase than a packed column, and it has a longer lifetime.

Liquid chromatography, which is generally more harmful to the environment,
is superior to GC in that it can be used to determine volatile and non-volatile acids
simultaneously [8, 9]. The amounts of solvents consumed can be drastically
reduced by using columns of the small diameter packed. Another way of making
LC greener is to use the mobile phases of more friendly to the environment, e.g.,
instead of methanol or acetonitril-ethanol [9]. Poorer elution properties of etha-
nol can be improved by, say, raising the temperature [10]. Work is in progress on
the application of water as a mobile phase at temperatures and pressures
approaching those of the supercritical state, which dramatically changes its
properties [10]. Because of certain specific properties of supercritical fluids,
chromatography using s is treated as a separate chromato-
graphic technique.

Capillary electrophoresis is a technique requiring very small sample volumes,
frequently nL or even of pL in some cases. Because of low consumption of regents
and solvents and the small sample volume, c can be regar-
ded as the greenest among the separation techniques.

Despite considerable progress in development of sample preparation tech-
niques for analysis and many possibilities in the selection of a final determination
technique, the determination of organic acids is often a real challenge for some
analytical tasks. The problems stem from the difficulty of collecting a repre-
sentative sample, the variety of sample matrices and significant differences in

supercritical fluid

apillary electrophoresis
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individual analyte concentrations. Often the total procedure for the determination
of SCCA compounds in various real samples is complex and multi-stage. Particular
steps, as all procedure, require validation. Sample preparation techniques that
have found wide application in the determination of SCCAs are generally based on:
liquid extraction, solid extraction or gas extraction. The analytes are transferred
from the sample (the primary matrix) to the receiving medium (secondary
matrix), which should have a simple and clearly defined chemical composition
[5, 6].

Special attention is put to the tendency to make the whole analytical procedure
environmentally friendly and a lot is done with this respect at the sample
preparation step. The techniques obey green analytical principles and present-
-day research efforts to make the step increasingly green. Monitoring of the
leachate for the content of volatile fatty acids can help determine the processes
occurring in waste and possible effect of the leachate on the environment in the
case of some leakage. Even if present at low concentrations, volatile fatty acids can
be a nuisance to people.
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Homocysteine is an intermediate in methionine metabolism. Under normal con-
ditions, intracellular concentration of homocysteine is kept low. Most of it is
converted to cysteine or methionine under enzymatic control [1]. However,
elevated levels of plasma/serum homocysteine have been recognized as an inde-
pendent risk factor for cardiovascular diseases like atherosclerosis and venous
thrombosis. Relationship of cysteine to cardiovascular disease risk is not well
established [2], but it is an important indicator for several clinical disorders like
cystinosis and cystinuria [1]. Non-chiral separations of these sulfur-containing
amino acids are preferred. Until now, the chiral separation of -homocysteine has
been just noticed by capillary electrophoresis with cyclodextrins [3]. In addition,
several works for separation of cysteine and/or methionine enantiomers have
been reported by using cyclodextrin, crown-ether or macrocyclic antibiotic.

Macrocyclic antibiotics as chiral selectors for liquid chromatography were first
introduced by Armstrong in 1994 [4] and they can be used for separation of wide
range of chiral compounds. Among of all glycopeptides teicoplanin chiral stati-
onary phases are preferred for separation of amino acid enantiomers. Teicoplanin
is natural glycopeptide produced by bacteria Actinoplanes teichomyceticus.
Removing the sugar moieties from teicoplanin the teicoplanin aglycone was
produced that has complementary selectivity to teicoplanin [5] (Fig. 1).
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In this work, the HPLC separations of amino acid enantiomers on teicoplanin
and teicoplanin aglycone were compared. The commercially available chiral co-
lumns (ASTEC) were used (250×4.6 mm, i.d.). The standard of -amino acids
(racemates with concentration 0.1 mg/mL) was dissolved in water and injected
into the column. They were detected by electrochemical detector (Coulochem II,
ESA) composed of guard cell Model 5020 (ESA) and analytical cell Model 5010A
(ESA). Firstly, the separation of amino acid enantiomers on teicoplanin was
carried out. Enantiomers of homocysteine and methionine were separated, except
of cysteine. The resolution between - and -enantiomers of homocysteine was
0.8, and methionine 1.4. Secondly, amino acid racemates were injected into teico-
planin aglycone under exact same mobile phase conditions. Enantiomers of all
amino acids were separated. Enantiomeric resolutions of homocysteine were 3.1,
methionine 2.9, and cysteine 1.4. The time required for analysis was less than ten
minutes for both columns. Better enantiomeric separation of selected sulfur-
-amino acids was obtained by using teicoplanin aglycone.
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Bilirubin, the end product of the hem catabolism in the human body, is formed at
a rate of about 300 mg per day and usually is effectively excreted from the body.
Although, this pigment has been known for more than a century, its exact effects
are still under debate. It was found, that it fulfills both positive and negative
functions in the human organism [1 4]. In the pathologic state, bilirubin may
accumulate and at higher concentrations its negative effects may turn up. During
hyperbilirubinemia of newborns, the deposition of unconjugated bilirubin in the
central nervous system is the major factor causing bilirubin encephalopathy
[2, 4–6]. One of the main negative effects of bilirubin is its impact on nerve cell
membranes and membrane proteins which may result in cell apoptosis [7 10].
These neurotoxic effects of bilirubin are thought to be caused by its enantio
discrimination on the membrane which results into membrane disruption or
damage [5].

Bilirubin belongs to the group of linear tetrapyrrolic pigments, but its structure
is non-planar. Its rigid planar dipyrrole units form a helical structure, which may
have either P- or M-sense of helicity. However, in homogenous solution bilirubin
exists as a racemate because the racemic barrier between P- and M-form is very
low [11 14]. As it is supposed that the P- or M-form of bilirubin interacts prefe
rentially with the membranes, it is convenient to study these systems with
methods enabling the observations of the enantiomeric excess [15 18].
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Because of this, chiroptical spectroscopic techniques, vibrational and elec-
tronic circular dichroism were employed for the studies of bilirubin with model
membranes. This combination of techniques enabled us to study the bilirubin
systems at different conditions: concentrations, pH, temperature, and also for
different model membrane composition. Large unilamellar vesicles composed of
different phospholipids and sphingolipids were used as a bilayer membrane
model, while micelles composed of surfactants were used as a monolayer mem-
brane model.

While both the spectroscopies provided the information about the bilirubin
which interacted with model membrane, the vibrational circular dichroism
spectroscopy also helped to identify the lipid functional groups, which were
significantly influenced by the interaction. In some cases the bilirubin was found
to penetrate inside the membrane. We found, that the composition of the
membrane influenced the enantioselectivity of the bilirubin interaction and also
the penetration into the membrane. The obtained results also showed that the
interaction is governed not only by the membrane composition but also by the
physicochemical conditions.

However, bilirubin is usually supposed not to be dangerous to health as it is
transported in the organism by the serum albumin transport protein to which
bilirubin has a very high binding constant ( = 9×10 L mol ) [1, 17, 19, 20]. Since
serum albumin is the main transport protein of bilirubin in the mammalian body,
its influence on the bilirubin-model membranes interaction was explored. Fig 1
shows the results obtained by the electronic circular dichroism spectroscopy for
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Fig. .1 Electronic circular dichroism spectra of
bilirubin with bovine serum albumin (dashed
line), bilirubin with bovine serum albumin
and 1,2-dimyristoyl- -glycero-3-phospho-
choline liposomes (dot-and-dash line) and of
bilirubin with bovine serum albumin sphingo-
myelin liposomes (solid line). The concen-
trations were: 1×10 mol L for bilirubin,
1 10 for bovine serum albumin, and
1 10 for 1,2-dimyristoyl- -glycero-
3-phosphocholine or sphingomyelin.
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the titration of bilirubin solutions with liposomes by the serum albumin (bovine).

It is also evident, that the
spectral pattern for the M-form of bilirubin bounded to bovine serum albumin is
strongly influenced by the presence of liposomes. Similar results were obtained
also for human serum albumin.

In this study, the vibrational circular dichroism spectroscopy was employed for
the first time to study the interaction of bilirubin with model membranes. The in-
formation about functional groups that participated in the interaction was
obtained complemented by the electronic circular dichroism results which show-
ed the bilirubin conformation and the influence of the presence of serum albumin.

These results suggest that although the binding constant of bilirubin to albumin is
high, the bilirubin which is bound to the liposomes in the P-form is not released
from the liposomes after the addition of serum albumin.
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3-Monochloropropane-1,2-diol is one of the food borne contaminants called
chloropropanols. It was first discovered by Velisek et al. in 1978 in hydrolysed
vegetable protein used in soy sauce production [1]. Because of the fact that its
carcinogenicity and genotoxicity were reported intensively throughout decades,
the experts of the Joint FAO/WHO Expert Committee on Food Additives (JECFA)
and EC Scientific Committee on Food established in 2001 a maximum tolerable
daily intake (TDI) for 3-monochloropropane-1,2-diol of 2 μg/kg body weight per
day for hydrolysed vegetable protein and soy sauce [2]. From chemical point
of view, 3-monochloropropane-1,2-diol is a glycerol chlorohydrin, the product of
stereospecific reaction resulting in - and - enantiomers. The above limit applies
to racemate [3].

3-Monochloropropane-1,2-diol is formed during acid hydrolysys (in soy sauce
production), heat processing and from its esters of palmitic, oleic and stearic fatty
acids [4]. The mechanism of the first two pathways is quite well known regarding
precursors and conditions, however the release of 3-monochloropropane-
-1,2-diol from its bound form has not been fully understood up to now. Also, the
level of release of free 3-monochloropropane-1,2-diol in gastrointenstinal tract
needs further investigation because the lack of in vivo research in this field forces
the 100% hydrolysis assumption [5].

The research regarding absorption, metabolism and toxicity of 3-mono-
chloropropane-1,2-diol has been carried out for over thirty years and last until
now. Studies on rodents proved that 3-monochloropropane-1,2-diol exhibits
damaging effect on urinary tract and antifertility effect. Research towards
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mutagenic activity gave positive results in vitro, however studies did not
prove this effect. No clinical studies on human beings have been reported, that is
why the aspect of toxicology of 3-monochloropropane-1,2-diol still needs further
investigation [6].

Over the last decade plenty of analytical methods was developed in order to
determine 3-monochloropropane-1,2-diol in its free and bound form in various
foodstuffs with the use of GC-FID [7], GC-ECD [8], LC-TOFMS [9] and finally GC-MS
[10], which is now widely used in laboratories. 3-Monochloropropane-1,2-diol
was determined apart from soy sauce in bread, crackers, biscuits, malt-derived
products, smoked food [4], edible oils and fats [11] and lipid fractions of infant
foods and human breast milk [12, 13]. The presence of 3-monochloropropane-
-1,2-diol in the last two groups emerged as a serious problem, however there are
very few literature data regarding 3-monochloropropane-1,2-diol determination
in this matrices.

The aim of this research was the determination of 3-monochloropropane-
-1,2-diol in ten samples of infant foods from various producers and three samples
of human breast milk collected during different periods after childbirth. Applied
analytical approach was presented in Figure 1. The lipid fractions from above
samples were isolated with the use of Roese-Gottlieb method. 3-Monochloro-
propane-1,2-diol present in isolated fractions was released from its bound form
during acid hydrolysys and alkaline transesterification with sodium methoxide

in vivo

Fig. .1 The scheme of analytical approach
applied in presented research.

Isolation of Fat
Roese-Gottlieb Method

Preliminary Sample Preparation
Addition of 3-Monochloropropane-1,2-diol-d5

Alkaline Transesterification

Extraction II
Hexane

Derivatisation
PBA

GC-MS Analysis

Acid Hydrolysis

Extraction I
Hexane
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and derivatised with PBA. Obtained derivative was analysed with the use of GC-MS
and quantify by internal standard (3-monochloropropane-1,2-diol-d ) method.
Applied method allowed quite rapid analysis of many samples, however serious
disadvantage appeared because samples contaminated the ion source in GC-MS
and in constant use for this kind of samples it has to be cleaned at least once a week
with the aim of sufficient detector sensitivity.

3-Monochloropropane-1,2-diol was determined in all of the analysed samples.
The concentrations were proportional to the amount of fat which foodstuffs
contained. The level of free and bound 3-monochloropropane-1,2-diol

as dangerous for
infants because the small body weight of infants together with regular intake of
this kind of food (including human breast milk) may cause exceeding the tolerable
daily intake set for 3-monochloropropane-1,2-diol.

The research presented in this paper proved that this field needs urgent
further investigation regarding possible precursors and mitigating the formation
of 3-monochloropropane-1,2-diol in fats and oils used for infant foods production.
Also, the mechanism of bioavailability of 3-monochloropropane-1,2-diol regar-
ding its release to biological fluids as human breast milk needs additional studies
because it still remains not fully understood. Last but not least, the equipment
problems proved the need of the development of new analytical approaches, using
advanced sample preparation step, for example solid phase microextraction and
headspace analysis, which is a challenge for analytical chemists.

5

ranged
from 20 μg/kg to 2000 μg/kg. This amount may be considered
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Basic electrochemical and electroanalytical characterization of caffeine, a natu-
rally occurring xanthine-related alkaloid with well-known properties of
a stimulant drug, has been performed when using unmodified carbon paste
electrode made of mineral oil in combination with cyclic voltammetry and later
also square-wave voltammetry.

The electrode oxidation of the target substance was studied first in a set of
Britton-Robinson buffers (with pH = 1–12) at a scan rate of 50 mV s finding out
that the signal of interest, appearing at about +1.50 V vs. ref. (Ag/AgCl/3M KCl),
had gradually decreased with the lowered acidity of the solution, disappearing
completely beyond pH 7. Thus, a series of mineral acids of different concen
tration was tested next in order to define the optimal pH as well as the acid as such.
Among HCl, HNO , HClO , and H SO in a concentration range of 0.01 1.0 mol L ,
highly concentrated sulphuric acid, ca. 0.5M gave the most satisfactory
results with respect to the overall peak height and despite somewhat deteriorated
base-line.

The following investigations were focused on optimization of some key
instrumental parameters, such as the scan rate, pulse amplitude, and

-ramp frequency. Also, the conditioning of the electrode due to the
scanning up to highly positive potentials was checked, showing that a periodical
application i.e., after each scan of a negative potential had a beneficial effect upon
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the resultant response. Then, a conditioning at 1.0 V for 60 s was included into the
otherwise simple procedure for electroanalytical determination of caffeine in
aqueous solutions.

In the final stage of this study, some model samples (e.g., Coca-Cola , energy
drinks, tea or coffee) are to be analysed and the whole method verified and
evaluated with respect to its electroanalytical performance and usefulness in
practice.
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The principle of the hydrophilic interaction chromatography (HILIC), which is
a useful method for separation of small polar compounds, consists in adsorption
of water from organic/aqueous mobile phase (often with buffer additives), where
the concentration of water is relatively low (the range of content of water is
around 2–20%) [1], on the surface of polar stationary phase, where it creates
a diffuse layer. The retention is based on the combination of two major mecha-
nisms, partition into the water-rich layer and adsorption onto the surface of
a polar stationary phase [2].

In this work, the effect of content of buffered water in the mobile phase on the
retention of phenolic acids and flavonoid antioxidants was investigated on
an YMC-Triart Diol-HILIC column, which is based on organic/inorganic hybrid
silica particles with bonded-diol phases. The retention was measured over the full
mobile phase composition range-from 2 to 95 percent of buffered water (10 mM
CH COONH , 0.1% HCOOH) in acetonitrile. The column showed both reversed
phase and aqueous normal phase (HILIC) mechanism and this dual retention
mechanism was successfully described by a four parameter equation [3]:

log = + – log (1 + ) (1)

where is the logarithm of the retention factor in pure less polar solvent, in this
case in acetonitrile. Parameters / characterize the rate of decreasing/in-
creasing retention with increasing volume fraction of buffered water in the mobile
phase. All plots of retention factor dependence on the content of water showed
U-shape [4]. The HILIC retention mechanism predominated in the range
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Compounds Mode log

Phenolic acids HILIC 0.10 1.08 –2.40 0.46 –0.23 2.08 0.91
0.08 1.23 –2.43 0.47 –0.21 2.09 0.91
0.06 1.41 –2.48 0.53 –0.27 2.04 0.93
0.04 1.56 –2.43 0.55 –0.30 1.95 0.92
0.02 1.76 –2.08 0.54 –0.33 1.51 0.92

RP 0.95 –1.59 1.68 –0.38 0.20 –0.56 0.89
0.90 1.13 0.93 –0.25 0.02 –0.19 0.90

Flavonoids HILIC 0.06 0.25 –1.00 0.23 –0.06 0.95 0.75
0.04 0.12 –1.01 0.22 –0.05 0.97 0.73
0.02 0.04 –1.09 0.24 –0.01 1.04 0.72

RP 0.95 0.92 1.61 0.13 –0.38 –1.30 0.97
0.90 0.89 1.23 0.12 –0.29 –1.03 0.97
0.80 0.94 0.72 0.13 –0.20 –0.66 0.95
0.70 0.96 0.38 0.11 –0.18 –0.35 0.92

φH O 0
2

2
k m s a b R’ ’ ’ ’

–
–
–

–
–
–
–

Table 1

The parameters log , , s , and of phenolic acids and flavonoids on YMC Triart Diol-Hilic
column.

k m a b0 ’ ’ ’ ’

of 2% to ~ 50% of buffered water in mobile phase and with
-

, corresponding to the minimum of the
U-turn, indicates the transition between the HILIC and RP modes. The volume
fraction of water, , where the retention of the phenolic acids and flavonoids in
the HILIC mode is still sufficient, was subtracted from the plot, too.

-
the relation of the retention factors of phenolic acids to the

retention factor of 4-hydroxyphenylacetic acid and the retention factors of flavo-
noids to the retention factor of flavone.

The next part of the work was focused on the investigation of the structural
correlations of the retention of phenolic acids and flavonoids using Abraham LFER
model. The LFER model employs multiple correlations between the retention
(log ) and so-called solvatochromic parameters, characterizing the solubility and
solvation of the solute and the stationary phase [5–7]:

log = log + + + + (2)

where and
; ; ;

, , , and of Eq. (2)
characterize selective non-polar, dipoledipole and hydrogen-bonding inter-
actions [8]. The parameters were obtained as a result of multilinear regression
analysis fitting the experimental retention factors , to the LFER model described
by Eq. (2) and are shown in Table 1.

the content of buffered
water in mobile phase more than ~50%, the RP mechanism controlled the reten
tion. The volume fraction of water, φ

φ

The separation selectivity was investigated by calculating the separation fac
tors, α, which signify

π α β

, π, α, β are the structural descriptors characterizing the sample: the
volume of the solute, dipole-dipole interactions, π hydrogen bonding acidity, α
and hydrogen bonding basicity, β. The coefficients

min

= 0.5

0 x
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Experimental data were compared with the data, measured on a Luna HILIC
column, which contains crosslinked oxyethylene-hydroxy phases and a LiChro-
spher 100 Diol column with bonded glycerol groups [9]. The relative retention
was the highest on YMC-Triart Diol-HILIC column in both HILIC and RP modes,
except for the phenolic acids in RP mode. All three columns showed dual retention
mechanism with U-shape of the dependence of the retention factor on the volume
fraction of water. The YMC-Triart Diol-HILIC column showed the widest HILIC
range in comparison to other columns for phenolic acids and the LiChrospher Diol
column showed the widest HILIC range for flavonoids. The example of the U-plot
( -hydroxybenzoic acid) for all three columns is shown in Fig. 1.

The separation factors of phenolic acids were the highest in the HILIC mode on
YMC-Triart Diol-HILIC, and the lowest in the RP mode. The separation factors
of flavonoids were the highest on the LiChrospher column in both modes, HILIC
and RP and the lowest on the Luna HILIC column in both modes.

Fitting the experimental data with Abraham LFER model was the most suc-
cessful for flavonoids in the RP mode. For phenolic acids was the experimental
fitting as similar in HILIC as in RP mode. The retention of phenolic acids and
flavonoids is most affected by the parameter , which characterizes contribution
of the size of the molecule to the retention and , which characterizes contri-
bution of proton-donor interactions.

p

m

b

’
’
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Fig. .1 Effect of the mobile phase composition on the retention of -hydroxybenzoic acid on the
YMC-Triart Diol-HILIC column (solid line) and comparison to the Luna HILIC (dash line) an -
s

-
corresponds to the volume fraction of buffered water,

where the retention of compounds is still sufficient. Points are experimental data, line is the best-fit
plot of Eq. (1).

p

d LiChro
pher (dot line) columns for the same compound. φ is the volume fraction of buffered water in the

mobile phase, φ corresponds to the volume fraction of buffered water, which indicates the tran
sition between HILIC and RP modes. φ

H O

min

= 0.5

2

k



90 the 9 3Proceedings of th ISC Modern Analytical Chemistry Prague 201▪

As a result of the comparison, Ymc Triart Diol HILIC showed better separation
selectivity for phenolic acids and higher relative retention in the HILIC mode and
wider range of volume fraction of buffered water in the mobile phase, where the
HILIC mechanism predominates.
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Indoor contamination by organohalogen pollutants originated mainly from con-
sumer products has been recognized as a an issue of concern. The indoor air and
dust, in addition to food, are the major sources of exposure for the general popu-
lation (specifically children), which can induce various adverse health effects.
High production volume chemicals such as perfluoroalkyl substances (PFASs) and
brominated flame retardants (BFRs), the latter represented mainly by poly-
brominated diphenyl ethers (PBDEs), hexabromocyclododecanes (HBCDs) and
tetrabromobisphenol A (TBBPA), are obviously the key sources of indoor pollu-
tion. As regards to PFASs, due to their unique characteristics such as chemical
inertness, stability, hydrophobicity and lipophobicity, they are used in a variety of
industrial and consumer applications while BFRs are used to reduce the flamm-
ability of treated materials [1–2]. To get more information about health risks
associated with dust intake, analytical data are needed. Since BFRs and PFAS
represent largely differing groups of chemicals, a sample preparation protocol
that combines the determination of BFRs and PFASs has not yet been investigated.
Moreover, the determination of each group in dust has to be done separately [3–6],
thus requiring a higher sample amount (> 1 g). Considering that only a small
amount of a sample (< 0.1 g) is often available, miniaturized analytical approach
had to be implemented. For our purpose, we took an inspiration from matrix solid
phase dispersion (MSPD). This analytical strategy enables simultaneous
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disruption and extraction of solid and semi-solid samples. M
permits complete fractionation of the sample matrix components as

well as the ability to selectively elute a single compound or several classes of com-
pounds from the same sample [7].

The main aims of our study were to adopt an analytical procedure based on
MSPD for the simultaneous analysis of BFRs and PFASs in dust (the amount of
sample < 0.1 g) and to apply a newly developed multi-analyte method for the
examination of real dust samples. Two fractions were obtained: ( ) hexane fraction
A (16 congeners of PBDEs, 3 isomers of HBCDs and 7 novel BFRs), and ( ) fraction
B (18 PFASs, 3 brominated phenols and TBBPA). Both fractions were analysed by
different instrumental techniques, gas chromatography coupled to tandem mass
spectrometry (GC-MS/MS) and ultra-performance liquid chromatography
hyphenated with tandem mass spectrometry (UPLC-MS/MS). Due to the elution
of LC-amenable HBCDs, -ethylperfluoro-1-octanesulfonamide (Et-FOSA) and

-methylperfluoro-1-octanesulfonamide (Me-FOSA) in the fraction A, the final
extract was analysed beside GC-MS/MS also with UPLC-MS/MS. The fraction B
was measured only by UPLC-MS/MS. All GC-MS/MS experiments were performed
using a gas chromatograph Agilent 7890A GC coupled to a triple quadrupole mass
spectrometer Agilent 7000B MS operated both in the electron ionization and
negative chemical ionization mode (details and parameters of method [8]). For
the UPLC-MS/MS analysis the Acquity Ultra-Perfomance LC system (Waters)
hyphenated with a tandem quadrupole mass spectrometer Xevo TQ-S (Waters)
with electrospray in negative ionisation mode was used (details and parameters
of method [9]).

To demonstrate the applicability of the implemented analytical method, the
validation experiments were performed on the standard reference material 2585
(SRM 2585, US National Institute of Standards and Technology). The recoveries
(%) and repeatabilities (expressed as relative standard deviations, RSD, %) of the
entire method for PBDEs were calculated from six replicate analyses of the SRM
2585 (Tab. 1). The concentrations of TBBPA and HBCDs in the SRM 2585 were
compared with previous studies [10–11]. For the other analytes (PFASs,
brominated phenols, and novel BFRs), which are not certified in the SRM 2585, the
performance characteristics were determined by the analysis of the artificially
contaminated ‘blank’ dust sample with a mixture of analytes at two different con-
centration levels based on a regular occurrence of PFASs and BFRs in dust. The
recoveries of these compounds at both concentration levels ranged from 81 to
122% (RSD < 19%). The limits of quantification were for PFASs in the range of
0.25–1.00 ng/g, for brominated phenols in the range of 2.5–25.0 ng/g and for
novel BFRs in the range of 1–50 ng/g.

Finally, 52 dust samples obtained within the collaboration with the Karolinska
Institutet in Stockholm in 2011 from Sweden were analysed. The high variability
between concentrations of PFASs and BFRs represented by HBCD isomers,
TBBPA, PBDEs in various dust samples was observed (Fig. 1). The concentrations

atrix solid phase
dispersion

i
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N

N
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of PFASs in all 52 dust samples were in the range of 7.1–1630.0 ng/g and
67.8–165828.0 ng/g for BFRs. The most abundant analytes were PFOA (in 100%
of samples, median 12.4 ng/g), PFOS (in 100% of samples, median 7.7 ng/g) and
BDE 47 (in 100% of samples, median 11.8 ng/g) followed by HBCDs (in 90% of
samples, median expressed for the sum of three isomers, 634 ng/g), BDE 99 (in
94% of samples, median 9.3 ng/g), BDE 209 (in 87% of samples, median
168 ng/g).

In conclusion, within this study, the new analytical approach for the simul-
taneous determination of 27 BFRs and 18 PFASs in dust is presented. The benefits
of the procedure based on MSPD are: ( ) under optimized conditions, only a small
amount of dust (< 0.1 g) can be used for the analysis, and ( ) extraction time is
relatively short, what allows the preparation approx. 20 samples per day. Finally,
the analysis of the above organohalogen compounds in 52 samples of household
dust showed large variability of contamination pattern. The relationship between
analytical and health data obtained on exposed humans will be investigated

i
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Analyte Measured Certified/published Ref.

Mean SD Mean SD

BDE 28 40.2 4.8 46.9 4.4 SRM 2585
BDE 47 467 53 497 46 SRM 2585
BDE 49 53.3 6.9 53.5 4.2 SRM 2585
BDE 85 41.3 3.7 43.8 1.6 SRM 2585
BDE 99 825 73 892 53 SRM 2585
BDE 100 144 13 145 11 SRM 2585
BDE 153 119 12 119 1 SRM 2585
BDE 154 66.1 7.1 83.5 2.0 SRM 2585
BDE 183 44.6 8.7 43.0 3.5 SRM 2585
BDE 203 30.1 3.0 36.7 6.4 SRM 2585
BDE 206 219 25 271 42 SRM 2585
BDE 209 2903 576 2510 190 SRM 2585

23.0 3.0 20.0 3.1 [10]
4.0 1.0 4.3 0.5 [10]

112 22 121 19 [10]
TBBPA 215 74 245 7 [11]

α-HBCD
β-HBCD
γ-HBCD

Table 1

Verification of trueness of generated data. Concentrations (ng/g) of selected polybrominated
diphenyl ethers (BDE), isomers of hexabromocyclododecane (HBCD), and etrabromobisphenol A
(TBBPA) in Standard Reference Material 2585 (US National Institute of Standards and Technology).

= standard deviation, = 6SD n .
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A veno-venous extracorporeal membrane oxygenation is a mature clinical treat-
ment for an acute respiratory distress syndrome. Extracorporeal membrane
oxygenation is applied to patients with severe lung failure. It can be understood as
an artificial lung realizing oxygenation and carbon dioxide elimination. During
a veno-venous extracorporeal membrane oxygenation venous blood is pumped
through a membrane oxygenator before the oxygenated blood flows back into the
patient’s vein [1]. There is a need for reliable, accurate and instant determinations
of the arterial blood carbon dioxide tension CO to guarantee a physiological
therapy. The current state of the art is the manual collection of blood samples
followed by a separate determination of by means of a blood gas analyzer.
This approach delays the optimal regulation of the system and suffers from many
unwanted manual steps [2]. A well known method for an indirect determination of
the is the analysis of the partial pressure of carbon dioxide in the
exhaust gas outlet from the membrane oxygenator [3].

The common technique to measure the in blood samples is the use of
Severinghaus-type electrochemical carbon dioxide sensors. In this potentio
metric sensor the separation of the sample from the internal electrolyte of the
sensor is ensured by the implementation of a polymer membrane. This membrane
is permeable to carbon dioxide gas but not to ions and water. In the internal
electrolyte the determines the pH, which is measured by means of an
integrated pH electrode [4].
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A new concept for the determination of in the exhausted gas volume was
studied. The electrochemical detection is based on a commercial thin-film micro
electrode as illustrated in Fig. 1. Interdigitated platinum electrodes are structured
on a 750 µm Pyrex substrate (10 6 mm), in detail 15 pairs of 10 µm width, sepa
rated by gaps of 10 µm, form the interdigital structure. Furthermore, there are two
large electrodes, which could be used as reference and auxiliary electrodes. The
whole chip is protected by a SU-8 layer. The key idea of the present sensor concept
is, to have a membraneless device which measures the dependent conduc
tivity in a thin film of water in direct contact with the gas phase. There is no need
for a separating membrane as the measured medium in the oxygenator exhaust
gas analysis consists only of oxygen, carbon dioxide and water vapor. The fact to
have a sensor without any membrane is promising in terms of attractive response
characteristics.

An impedance-phase analyzer was utilized for the investigation of the electro-
chemical characteristics of the sensor. Impedance spectra were measured to study
the frequency behavior of the electrochemical sensor. It was found that an optimal
measuring frequency is in the range of 10 kHz for the conductivity range of
interest (2–20 µS/cm) [5]. The sensor was mounted into various of flow cells with
different geometries and materials. The performance was characterized using the
gas test bench. For preliminary studies the microelectrode was completely
immersed into the electrolyte solution. Signal stability and reproducibility,
calibration curves and response characteristics were studied. The effect of film
thickness on the sensor characteristics was investigated.
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Fig. .1 Photographs of the platinum thin-film sensor: (a) general chip layout, (b) enlarged view of the
interdigitated structure.
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Chromatography is the most common technique used in bio-analysis. Reversed
phase high performance liquid chromatography is widespread used for analysis of
small and large biomolecules. The advantages of this technique are high efficiency
and the ability to distinguish between compounds that are chemically very
similar. Oligonucleotides have a wide range of application in research, genetic
testing, and forensics, They have a great therapeutical potential like gen therapy.
Oligonucleotides as drugs have been studied extensively for some disease such as
virus-associated illness, AIDS, Alzheimer, cardiovascular disorders, and cancer.
Oligonucleotides are short sequence of DNA or RNA molecules, build of 20 or more
bases, although they can be synthesized up to 160–200. Retention of oligo-
nucleotides in RP-HPLC depends significantly on the pH and concentration of
mobile phase buffer, as well as on selectivity and efficiency of stationary phase.

The main aim of present investigation was the study of oligonucleotides reten-
tion on various stationary phases for RP-HPLC. Three different packing materials
were used during the chromatographic studies, namely alkyl-amide, cholesterol,
and alkyl-phosphate. Isocratic and gradient elution have been studied during
present investigation. Special attention was paid to the pH of mobile phase buffer
and the structure of stationary phase. They have great impact interaction taking
place during the retention mechanism. Research was carried out in four different
pH (in a range from 4 to 7) and various concentration of mobile phase buffer (in
a range from 30 to 75 mM). The retention of oligonucleotides was greater for
mobile phase in pH = 4 in comparison with pH = 7. This is a consequence of
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electrostatic and hydrophobic interaction. In pH equal 7 and 6 hydrophobic
interactions were dominating and in pH 5 and 4 electrostatic interactions were
the most influential.
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Selenium is one of the elements for which there is a thin border between their
essential and toxic concentration in environmental system; therefore it is nece-
ssary to pay attention to their determination. Presented study was focused on the
determination of selenium in aqueous samples using two methods of its volatile
compounds generation. First, UV-photochemical generation, newly emerging
technique in the field of analytical chemistry, was used and then conventional
chemical generation was applied for comparison. Atomic absorption spectro-
metry with the externally heated quartz tube (QF-AAS) was chosen for the dete-
ction with both approaches.

One of the key steps for the determination of an analyte by QF-AAS is con-
version of nonvolatile precursors (inorganic selenium(IV)) from the condensed
phase to volatile species. Principle of transformation is different for mentioned
methods. To be specific, in the case of UV-photochemical generation, volatile
compounds are formed by the effect of UV irradiation in the presence of a low
molecular weight organic acid (formic, acetic, propionic or malonic) 1 . Reaction
mechanism remains the subject of discussion because of the complicated nature
of photoreactions 2 . In contrast to UV-photochemical generation, chemical
generation is based on reaction with a reducing agent, most commonly sodium
borohydride, with the involvement of high-purity mineral acid (generation
according to ‘hydrogen transfer theory’). That could be considered as an advan-
tage that no is needed for UV-photochemical generation,
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because

For UV-photochemical generation, attention was first paid to the construction
of the photoreactor. It was realized by attaching reaction coil to the surface of
low-pressure Hg vapor UV lamp (20 W, 254 nm). The subject of interest was
mainly the material and the length of the coil. PTFE and quartz tubes of different
diameters were tested. A scheme of used arrangement is illustrated in Fig. 1.
Optimum experimental conditions for UV-photochemical volatile compounds
generation using formic acid were found after the completion of the apparatus.
Formic acid was chosen for the study as a representative of simple organic acids.
Following parameters were optimized: the sample flow rate, the carrier gas flow
rate as well as the auxiliary hydrogen flow, the concentration of formic acid or the
concentration of additives. Analyte response was significantly increased by
adding nitric acid. With the instrumental setup and the optimum analytical
conditions, a detection limit of 32 ng L Se(IV) with a repeatability of 1.9 % (RSD,

= 10) was obtained.
Similarly, optimum experimental conditions for more frequently used chemi-

cal generation were studied (a schematic of this system is illustrated in Figure 2).
Some of the tested parameters were the same, e.g., the sample flow rate or the
carrier gas flow rate, others were logically different. Namely the concentration
and the flow rate of the reducing agent or the concentration
of , which was required for acidification of the reaction mixture.
A detection limit of 105 Se(IV) with a repeatability of 1.3 % (RSD, = 10) was
achieved by chemical volatile compounds generation.

this agent is expensive and relatively unstable [2]. Additionally, it can be
prepared only in a limited purity, which increases the potential for contamination
of the sample.

–1

n

n

sodium borohydride
hydrochloric acid

ng L–1

Fig. .1 Scheme of the experimental setup for UV-photochemical generation:
(A) UV photoreactor-PTFE tubing wrapped around UV lamp, (B) UV photo-
reactor-quartz tube attached to the surface of UV lamp.
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comparing of slope of calibration curves of UV-photochemical and reference
chemical generation. Although in chemical generation the individual efficiencies
(efficiencies for formation, gas-liquid separation and analyte transport) are
known to be essentially quantitative and the response can thus be used as
a relative benchmark for performance , higher sensitivity was achieved using
UV-photochemical generation. In the near future, the determination of the
generation efficiency and identification of potential losses of analyte in an
apparatus would be verified using radiometric measurements with isotope Se.

As the obtained results show, UV-photochemical generation is a useful alter
native to the conventional chemical generation technique. Not only because of its
low detection limits obtained but also because of high sensitivity (comparison of
slopes of calibration curves).

Consequently, the generation efficiency was investigated. It was determined by
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Solventless sample preparation techniques for environmental samples which
allow elimination of liquid solvents in the analytical procedures and reduction of
sample preparation time are permanently in development [1]. One of the methods
avoiding sample preparation is direct aqueous injection [2–4]. Direct aqueous
injection presumes the analysis of volatile organic compounds in water

-

–

samples
by direct injection of water samples into a chromatographic column. The elimi
nation of sample pre-treatment and pre-concentration steps helps to minimize
the losses of volatile analytes as well as the possibility of sample contamination.
The major disadvantage of this method is that water is not compatible with the
stationary phases of capillary columns and with the flame ionization detector of
the gas chromatograph [5 7].

The volatile aromatic compounds benzene, toluene, ethylbenzene, ,
-, -xylene (BTEX) are fuel components commonly found in ground water

contamination. The analysis of BTEX in aqueous samples is usually achieved by
purge-and-trap gas chromatography (PTI-GC) [8]. In order to determine water
samples with concentration of BTEX on trace levels without any pretreatment, it is
necessary to inject large volumes of water samples (0.1–1.0 mL) [5], but in the
meantime prevent the entering of large amounts of water into the capillary
column of the gas chromatograph. The upper limit for direct aqueous injection
acceptable in capillary GC is 10 μL [6].

The aim of this work was the development of a new simple method which
enables direct injection of large volumes of water samples into a gas chromato-
graph. This method uses the sorption capacity of the sorbent Chromosorb P NAW

ortho-
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applied directly in the injection port of gas chromatograph to prevent water from
penetrating into a column, by keeping it adsorbed on its surface until the analytes
are stripped into a column, and the residual water is purged using split flow.

The experimental parameters as injection port temperature, water sample
injection volume and concentration of analytes in relationship to stripping effi-
ciency of analytes in time as well as linearity of calibration dependences and limits
of determination and quantification were investigated.

A new solventless method was developed employing Chromosorb P NAW in
the liner of injection port as adsorbent material to retain water in the injection
port while the BTEX are stripped into the column. This arrangement enables
direct injection of large volumes of water samples by using capillary gas chroma-
tography for the determination of volatile organic compounds BTEX. The
developed large volume direct aqueous injection method is suitable for the ana-
lysis of BTEX in drinking and river water samples concerning the reached
detection and quantification limits. The main advantages of this method lie mainly
in facility, rapidity (no enrichment or pre-treatment steps are required) and lower
price of analysis in comparison with other methods (purge-and-trap, SPME).
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In capillary electrophoresis, addition of a selector to the background electrolyte is
often used in order to achieve enantioseparation, separation of neutral analytes or
to improve separation of charged analytes. Several mathematical models have
been derived in order to understand mechanism of the separation and also to help
in finding optimal separation conditions [1]. Electromigration behavior of an
analyte in background electrolyte containing one selector is characterized by two
complexation parameters: equilibrium constant of analyte s complexation with
the selector and electrophoretic mobility of the formed complex [2]. Models have
been also derived describing the so-called dual selector systems in which the
analyte undergoes complexation with two selectors [3]. The main drawback of
dual models is their higher complexity in comparison with the single models. With
two independent variables (concentrations of two selectors) it is more difficult to
optimize the separation or even get insight into the separation mechanism.

In our group, we have recently shown that any mixture of selectors interacting
with an analyte can be regarded as a single selector as long as the molar ratio of all
the mixture constituents remains constant and these criteria are met: (i) the com-
plexation is much faster than the electrophoretic movement, (ii) only 1:1 (ana-
lyte:selector) complexation occurs (no mixed complexes are formed), (iii) it can
be assumed that concentration of free selector is equal to its analytical concen-
tration [4, 5]. In such a case, the migration behavior of an analyte is characterized
by overall complexation parameters : overall complexation constant and overall

’
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mobility of complex. The overall complexation parameters can be measured
experimentally (in a similar way as parameters of complexation with a single
selector) or calculated when the mixture composition and parameters of comple-
xation with the individual selectors are known.

In this work, we choose a dual selector system as the simplest selector mixture
to verify the model experimentally. Affinity capillary electrophoresis was used to
measure complexation parameters of

with two model, fully charged
analytes (ibuprofen and flurbiprofen). Although flurbiprofen and ibuprofen are
chiral compounds, chiral separation was not in our scope of interest and we per-
formed achiral separation of the two individual analytes. Consequently, seven dual
systems (four mixtures of dimethyl cyclodextrin and -cyclodextrin and three
mixtures of dimethyl cyclodextrin and maltosyl cyclodextrin differing in
molar ratio of the two cyclodextrins used) were prepared and overall parameters
of complexation of analytes with these mixtures were measured by affinity
capillary electrophoresis. Simultaneously, these parameters were calculated
according to our model using the complexation parameters with the individual
selectors. Agreement between calculated and measured values was quite satis-
fying: difference between calculated and measured values did not exceed 10% in
case of overall complexation constants and 3% in case of overall complex
mobilities.

Capability of the calculated overall complexation parameters to predict sepa-
ration abilities of dual systems without the need to perform wet experiments was
also examined: using the calculated parameters we plotted dependencies of selec-
tivity (ratio of effective mobilities of the analytes being separated) on total
concentration of the mixture. These theoretical curves were compared with
experimental selectivities and appeared to well characterize the shapes of selec-
ticity dependencies. It was also shown, as illustrated in Fig. 1, that selectivity of
a mixture at particular concentration does not have to lie between selectivities
that are induced by the individual selectors at the same concentration.

This result was rather counterintuitive as the overall complexation constant of
a mixture has always a value between complexation constants of the individual
selectors, and also value of overall mobility of complex always lies between values
of mobilities of complexes with the individual selectors. However, according to our
model, the overall mobility of complex (mobility of analyte at infinite concen-
tration of the selector mixture) changes from mobility of complex with the first
selector to that with the second selector, but it does not change linearly (it is
caused by the fact, that overall complex mobility does not depend only on
mobilities of complexes with the individual selectors, but also on the overall
complexation constant). Therefore, if complexes of the two separated analytes
with the first selector have same mobility and complexes of analytes with the
second selector also have same mobility, but the mobilities of complexes with the
first selector differ from mobilities of complexes with the second selector (which

three neutral cyclodextrins (β-cyclodextrin,
dimethyl-β-cyclodextrin, maltosyl-β-cyclodextrin)

-β-
-β- -β-

β

‘ ’

‘ ’
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often happens in practice), in a mixture, the overall mobilities of complexes of the
separated analytes may differ significantly. This phenomenon causes the obser-
ved counterintuitive shapes of selectivity dependencies and might be very useful
in separation practice.
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Oligonucleotides are short, single-stranded fragments of nucleic acids, which are
the most important organic compounds on Earth. The basic building block of
oligonucleotides is called nucleotide and consists of three parts: nitrogenous
base, pentose sugar and phosphate residues [1]. Synthetic oligonucleotides are
used in many branches of science, especially in medicine [2]. Determine the struc-
ture of human genome allowed the development of a new generation of drugs,
called antisense oligonucleotides. Antisense therapy is based on concept of
inhibition of protein synthesis by synthetic oligomers with a well-defined
sequence [3].

The oligonucleotides used in antisense therapy are produced in fully auto-
mated synthesizers [4]. No process is 100% efficient, therefore there is a high
demand for research on purification, separation and determination of short
fragments of nucleic acids. The main challenge in the field of antisense oligo-
nucleotides is the development of analytical methods that provide good
selectivity. Ion pair chromatography is commonly used in the analysis of oligo-
nucleotides [5].

The main aim of our research was the study of retention and separation of the
eight oligonucleotides based on ion-pair liquid chromatography. Four columns:
octadecyl (SG-C18), alkylamide (SG-AP), cholesterol (SG-CHOL) and alkyl-phos-
phate (SG-PC) has been tested. Octadecyl column is the most commonly used in
the determination of studied compounds. However, in some cases this phase does
not provide satisfactory resolution of oligonucleotides, depending on the
composition of the sample. For this reason, the goal of the study was to test variety
HPLC columns and choose the best one for analysis of studied compounds. Three
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columns of mixed nature (hydrophilic-hydrophobic) were chosen. The impact of
the type and concentration of ion-pair reagent on the retention of oligonucleo-
tides has also been examined. Three kinds of ion-pair reagents have been tested:
triethylammonium acetate, dimethylbutylammonium acetate, and combination
1,1,1,3,3,3-hexafluor-2-propanol and triethylammonia. All of ion-pairing agents
used in the study are particularly attractive because they are compatible with MS
coupling to HPLC [6]. Results obtained during the investigation have proved that
retention mechanism of oligonucleotides depends on the chemical structure of
the ion-pair reagent and the polar groups in the structure of the stationary phase.
Attempt to separate mixtures of oligonucleotides, showed that the most effective
in the chromatographic analysis of tested compounds are alkylamid and octadecyl
stationary phases. Due to the presence of polar groups in the SG-AP, retention time
of oligonucleotides is shorter, but the separation of the analytes is similar to
SG-C18.
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Caffeinated energy drinks have become a modern day phenomenon during the
past two decades. The ingredients, that are used in soft drinks, are regulated by the
US Food and Drug Administration and the national laws and regulations. In the
European Union there is no upper limit of caffeine being set.
regulation [1] establishes that beverages containing caffeine in a proportion in
excess of 150 mg L must provide the message ‘High Caffeine Content’. Energy
drinks typically contain caffeine, sugar, taurine, guarana, and B vitamins. Although
the actual caffeine content for many energy drinks is not easily identified on pro-
duct packaging or via the Internet, it can exceed 500 mg in some cans or bottles.
Energy drink can contain Class III caramel. In the legislation, there is no maximum
concentration value for caramels in energy drinks. However the presence of an
minor Class III component (4-/5-methylimidazole) in most foods and beverages
can be hazardous to humans because of toxicity [2]. Riboflavin (vitamin B2) is
often included in energy drinks because it may contribute to the maintenance of
mental function. So far, no references are available for the simultaneous deter-
mination of caffeine, caramel, and riboflavin by fluorescence spectroscopy.

In this paper, a multivariate method based on partial least squares (PLS)
calibration is proposed for the simultaneous determination of caffeine, caramel,
and riboflavin in caffeinated drinks, using the synchronous fluorescence pro-
perties of these compounds and standard addition method.
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Energy drink samples of the available brands were obtained from local market
and stored at room temperature until submitted to the analysis. Fluorescence
spectra were recorded using a Perkin-Elmer LS 50 Luminescence spectrometer
equipped with a Xenon lamp. Excitation and emission slits were both set at 5 nm.
Scan speed was 200 nm min . Synchronous fluorescence spectra were collected
by simultaneously scanning the excitation and emission monochromator in the
excitation wavelength range 200–500 nm, with constant wavelength differences

between them. Spectra were recorded for interval from 10 to 100 nm, in
steps of 10 nm. The spectrometer was connected to a computer supplied with FL
Data Manager Software (Perkin-Elmer) for spectral acquisition. The HPLC
method described by González et al. [3] was used as reference method.

Based on preliminary HPLC results for caffeine, caramel and riboflavin
concentrations in the drink samples, sixteen calibration and sixteen prediction
samples were prepared for energy drink, containing different amounts of energy
drink (calibration, 5–60 L; prediction, 10 75 L), caffeine (calibration,
0.2 4.2 mg L ; prediction, 0.5 3.0 mg L ), Class III caramel (calibration,
0.25 5.25 mg L ; prediction, 0.5 4.5 mg L ), and riboflavin (calibration,
0.007 0.054 mg L ; prediction, 0.008 0.048 mg L ).

All the solutions were measured at = 90 nm from 200 nm to 500 nm. The
spectral regions between 250 and 500 nm for energy drinks were selected for
the PLS, because these intervals contain the maximum spectral information
for the mixture components.

The PLS model was developed in the PLS1 mode (i.e., PLS was run for each
compound separately) and PLS2 mode (i.e., PLS was run for all compounds
simultaneously) using calibration/prediction dataset. The calibration, cross-
validation and prediction characteristics indicated suitability of the proposed PLS
methods for simultaneous determination of caffeine, Class III caramel and
riboflavin, e.g., Pred values in all cases are very close to 1, which is an indication
of similarity between predicted and known values. Considering caffeine, the cali-
bration, cross-validation and prediction characteristics are almost the same for
both PLS1 and PLS2 models. Similarly no significant differences are observed
between the results obtained in PLS1 and PLS2 mode for Class III caramel. On the
other hand, PLS2 is more suitable for riboflavin. Considering all three analytes,
the best model (the lowest errors) were obtained for riboflavin. In addition the
calibration and cross-validation characteristics ( , , Cal, CV)
are better for caffeine than those for Class III caramel, however prediction (SEP,
Pred Bias, Pred) is better for Class III caramel.

A simple multivariate calibration spectrofluorimetric method using standard
addition constitutes has been developed for the determination of caffeine, cara-
mel and riboflavin in drinks. It involves measurement of the synchronous fluores-
cence spectra at 90 nm in 200 500 nm region. The spectral data are then
processed using a partial least squares calibration designed with a series of drink
samples in which the analyte concentrations were determined by a HPLC method.
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The statistical characteristics for the calibration and prediction in calibra
tion/prediction sets of samples were excellent. Furthermore, the developed
procedure provided comparable results with those obtained by the HPLC refe
rence method.

-

-
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Chirality is an unique phenomena affecting human life in many aspects. Molecules
that are not identical to their mirror images are kinds of stereoisomers called
enantiomers. Enantiomers have identical physical properties but could differ in
biological activity. Ignorance of pharmaceutical and toxicological differences
of the individual enantiomer forms can cause disastrous consequences. As an
example can serve chiral compound called thalidomide which was discovered as
a sedative to help pregnant women with affects of morning sickness. While

-enantiomer had required pharmacological effect, the -enantiomer caused fetal
malformations.

High performance liquid chromatography has become a powerful technique
for the development of enantioselective separations of chiral drugs and has
a significant impact for pharmaceutical, food and agrochemical industries. Nowa-
days, chiral stationary phases based on polysaccharides (amylose, cellulose) have
proven to be one of the most useful tools for separation of a wide range of chiral
compounds. Immobilized polysaccharide-derived chiral stationary phases are
a new type of chromatographic columns, which demonstrate better performance
in the areas of enantioselectivity, efficiency and chiral stationary phase-solvent
compatibility [1, 2]. Studied chiral stationary phases have already found appli-
cations under normal phase mode, while the reversed phase mode has not been
fully studied yet. The aim of our work was to investigate the separation potential of
the chiral stationary phases based on derivatized polysaccharides in the reversed
phase mode, since this mode is more suitable for enantioseparation of biological
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active compounds and is preferred due its better compatibility with MS detection.
We compared three chiral stationary phases that differed in the type of derivati-
zation group or in the nature of the glycosidic linkage of the polysaccharide
derivatives.

The tested columns CHIRALPAK IA, CHIRALPAK IB and CHIRALPAK IC are
based on tris-(3,5-dimethylphenylcarbamate) of amylose, tris-(3,5-dimethyl-
phenylcarbamate) of cellulose and tris-(3,5-dichlorophenylcarbamate) of cellu-
lose, respectively. The set of diverse chiral compounds including acidic, neutral
and basic ones was tested to characterize and understand the principles of chiral
recognition. This facilitates the development of new separation methods and
accelerate their optimization. In the frame of the separation procedure the various
types of mobile phases were tested. The acidic mobile phases were used for acidic
analytes to suppress the ionization because charged analytes cannot interact
efficiently with chiral stationary phases [3]. Basic analytes were separated in suit-
able basic buffer systems or in the acidic mobile phases with considerable amount
of chaotropic reagent (KPF , NaClO ) which forms an ion pair with the positively
charged analyte. The influences of the type and the amount of organic modifier
(acetonitrile, methanol) on chromatographic parameters were evaluated. The
retention times of the analytes decrease with increasing the amount of organic
eluent. Additionally, the same amount of acetonitrile gives a shorter retention
than an equivalent amount of methanol. The effect of column temperature on
enantioselectivity and resolution of the enantiomers was also studied. The chro-
matographic parameters of different pharmaceuticals obtained in reversed phase
separation systems on three different chiral stationary phases were compared.
The reversed phase mode was proved to be suitable for separation of the majority
of tested compounds. The results showed that both the polysaccharide type and
substituent affect the separation behavior.
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Aminonaphthalenes are amino derivatives of polycyclic aromatic hydrocarbons.
They are significant pollutants of working and living environments and may have
carcinogenic, mutagenic, and teratogenic effects. 2-Aminonaphthalene is a proven
human carcinogen [1], and for 1-aminonaphthalene mutagenic effects have been
verified [1, 2].

Because the amino group on the aromatic skeleton can easily undergo elec-
trochemical oxidation, it is possible to use modern electroanalytical detection
methods as a suitable tool for monitoring amino derivatives of polycyclic aromatic
hydrocarbons in environmental and biological matrices. Previously, the beha-
viour of aminonaphthalenes at boron doped diamond electrode has been studied
by batch voltammetric methods and high performance liquid chromatography
with amperometric detection [3]. In this study, a differential pulse voltammetric
method was optimized for the determination of 1-aminonaphthalene and
2-aminonaphthalene using bare or modified glassy carbon electrode as working
electrode.

(such
as pulse time, potential step, and scan rate) on the response of 1-aminonaphtha-
lene was investigated at glassy carbon electrodes. Then, the effect of pH on the

First, the influence of parameters of differential pulse voltammetric scan
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analyte’s peak current and potential was measured in Britton-Robinson buffer
with pH values ranging from 2.0 to 12.0. Under the optimized conditions, the
analytical parameters were determined for both compounds. Further, the effect of
modification of the glassy carbon surface with Nafion permselective membrane
and multiwalled carbon nanotubes was studied and compared to different types
of bare carbon-based materials, such as carbon film and boron doped diamond.
Electrochemical impedance spectroscopy was used to acquire information about
the electrochemical processes occurring at the electrode surface in the presence
of the two compounds.

Finally, simultaneous determination of the analytes was performed by diffe-
rential pulse voltammetry. The practical applicability of the proposed method will
be demonstrated by the determination of 1-aminonaphthalene and 2-amino-
naphthalene in model samples of river water.
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Saffron ( s L.) is a traditional, highly valuable spice, due to its coloring
properties, alluring aroma, and pleasant bitter taste. Since the saffron is the most
expensive spice in the world (up to 20 €/g), it is susceptible to adulteration like
addition of other plant materials or artificial colorants. A wide range of analytical
approaches is currently used for saffron authentication. These methods are
mostly based on the spectroscopic techniques, volatile compounds analysis,
microscopy and/or molecular biology. Chemical approaches for authentication or
characterization of saffron are mostly limited to a few analytes or classes of
analytes [1]. Non-target screening of compositional characteristics represents
a promising alternative to the target analysis. Among the currently very popular
‘omics’ fingerprinting strategies, metabolomics has been demonstrated as a chal-
lenging option for a comprehensive characterization of small molecules occurring
in plants, and thus, it can be promising tool for authentication purposes [2].

This study concerns with the development and evaluation of the ambient mass
spectrometry technique employing Direct Analysis in Real Time coupled with
high resolution Mass Spectrometer with Orbitrap mass analyzer (DART-Orbi-
trapMS). This technique requires little or no sample preparation and enables the
recording of mass spectra without prior separation [2].

Within this study, 41 samples coming mainly from the Czech and Spanish
market were analyzed. Two of them were obtained from a saffron bank in Spain as
the reference standard of high-quality La Mancha saffron. Among the tested extra-
ction solvents, an ethanol-water mixture (70/30, v/v) was chosen as the best
option for the experiments. Extracts were then transferred using sampling rods to
the optimized position in front of the DART gun exit. The extract was then
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desorbed from the surface of the glass rod for 30 s by hot helium, creating ions
outside the instrument, during which time the spectral data were recorded.
Samples were measured in the positive ionization mode and obtained data were
evaluated using Principal Component Analysis (PCA).

As we used the high-resolution mass spectrometer, accurate mass spectra were
obtained and thus the calculation of elemental composition of ions was possible.
In the spectra of saffron extracts, many of the ions belonging to compounds typical
for saffron were observed. These compounds are listed in Table I.

Crocetin (C H O -

-glucopyranosyloxy)-2,6,6-trimethyl-1-cyclohexene-1-car-
boxaldehyde) is considered to be the most important contributor to saffron’s
bitter taste, while safranal (2,6,6-trimethyl-1,3-cyclohexadiene-1-carboxalde-
hyde) together with HTCC (4-hydroxy-2,6,6-trimethyl-1-cyclohexen-1-carbox-
aldehyde), isophorone (3,5,5-trimethyl-2-cyclohexene-1-one) and other similar
compounds are responsible for the alluring aroma of saffron [1, 3].

From the measured spectra, intensive ions were selected and used as variables
in PCA. From the obtained PCA scores plot, some clusters of the samples were
evident. For example, origin protected samples (localities La Mancha and Aragón,
Spain) were very close to the reference samples; with higher intensities of the
markers typical for saffron. On the other hand, also some outliers were observed
in the PCA scores plot; they had opposite position in the scores plot than the
reference samples. These samples had lower intensities of the saffron typical
markers and, therefore, they were probably adulterated. After the exclusion of the
outliers, it was also possible to differentiate between samples originating from
different countries. The examples of the spectra of a reference sample and one of
the suspicious samples are shown in the Figure 1. As can be seen from this figure,
no typical saffron marker is present in the suspicious sample spectrum.

It can be concluded that the developed method was suitable for rapid
evaluation of saffron authenticity and quality.

20 24 , 8,8′-diapo-Ψ,Ψ′-carotenedioic acid; together with its glyco
sides) is the most important compound responsible for the red colour of saffron,
picrocrocin (4-(β-

4

D
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m/z value Formula of ion Tentative identification Ion type

139.1115 C H O I [M+H] –1.45
151.1116 C H O Safranal [M+H] –

[M–H O+H]
155.1065 C H O 2- ydroxyisophorone [M+H] 0.94
169.1222 C H O HTCC [M+H] 0.87
329.1752 C H O Crocetin [M+H] 0.87
331.1757 C H O Pikcocrocin [M+H] 1.57
348.2013 C H O N Picrocrocin [M+NH ] 1.06

Bias (Δppm)

β- sophorone9 15
+

10

2

17

25 4

16 27 7

30 4

15
+

+

9 15 2
+

10 2
+

20
+

+

16 7
+

1.07
HTCC

H –
–
–
–
–

Table 1

List of compounds typical for saffron identified in DART-OrbitrapMS spectra.
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Fig. .1 Comparison of the DART(+)-MS spectra of (A) reference saffron (Spain, La Mancha) with
(B) the suspicious sample (bought in Czech market, unknown country of origin).
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Of all the various methods of capillary column preparation, slurry packing [1]
is the easiest one. Columns can be prepared in a few hours, no special equipment is
required, and even HPLC chips can be prepared this way [2]. The resulting column
performance is influenced by several parameters set during the packing, such as
packing pressure or use of ultrasound, as well as by parameters set before the
packing process. Among them are for instance type of capillary and solvent
selection. Another important parameter is the material of an outlet frit. Such a frit
has to be manufactured prior to packing and will hold the stationary phase
particles inside the column. Several types of frits are available, each with its
advantages and disadvantages. We have selected six different types and evaluated
their influence on the resulting column performance.

Frits were prepared according to Fig. 1. Type A frit consisted of a bit of glass
wool pushed into the capillary and secured by cementing a smaller, 75 m i.d./-
280 m o.d. capillary inside. Type B glass wool frit was prepared by pushing a bit of
glass wool into the capillary and secured by a PEEK union. Type B monolithic frit
was prepared out of styrene-divinyl benzene polymer of approximately 1 mm
length. Type C frits were prepared by inserting a frit (a piece of glass wool,
stainless steel frit of 0.030" thickness and 1/16" diameter or titanium frit of
0.040" thickness and 1/16" diameter) into a PEEK union and connecting it to the
capillary.

The packing process was based on our earlier work [3]. Columns were packed
with Nucleosil C18 stationary phase, particle size 5 m. Column bodies were made
out of 320 m i.d. polyimide coated fused silica capillaries of 15 cm length. Packing
pressure was 300 bar, packing time was 30 minutes. Columns were tested with
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a mixture of phenol and toluene, with thiourea used as an unretained compound
(1 mg/mL each).

Van Deemter curves of the resulting columns are shown in Fig. 2. Titanium and
stainless steel frit had detrimental effect on the column efficiency and all the peaks
exhibited a strong tailing. Their only advantage is extremely easy preparation. The
monolithic frit performed mediocre at best. Both the column efficiency and peak
shape were better than with metal frits, but not as good as with the glass wool frits.
In addition, the preparation of monolithic frit is difficult and takes a lot of time.
Best results, both in column efficiency and peak shape, were obtained with the
type C glass wool frit. Although the type A had comparable performance, type C is
much more versatile, it can be used with virtually any type of capillary and
instrument and it can be prepared almost instantly.

Fig. .1 Frit diagrams: (1) frit, (2) 320 m i.d.
capillary (column body), (3) 75 m i.d. capi-
llary (to detector), (4) PEEK union.

μ
μ

Fig. 2. Van Deemter curves based on
different types of frits: type A glass
wool frit, type B glass wool frit,

type C glass wool frit, stainless
steel frit, titanium frit, monolithic
frit.
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Pesticides are a numerous and diverse group of chemical compounds. They
are some of the most toxic substances contaminating the environment, which are
used to eliminate pests in agriculture and the household. They enable the quan-
tities and quality of crops and food to be controlled, and help to limit the
many human diseases transmitted by insect or rodent vectors. Despite their many
merits, however, pesticides are some of the most toxic, environmentally stable and
mobile substances in the environment. Their non-rational use has a deleterious
effect on humans and the environment; their presence in food is particularly
dangerous. With properties like environmental stability, the ability to bioaccu-
mulate and toxicity, pesticides in the human body may place it at greater risk of
disease and poisoning [1].

Despite considerable progress in the development of methods for preparing
samples for analysis and for the final determination of analytes, the analysis of
pesticides in biological samples continues to present challenges to analysts.
A number of problems crop up in the analysis of pesticide residues: one is the
complexity and diversity of matrices in biological materials; another is the low
concentration of pesticide in samples of fruit and vegetables. Target analytes
must, therefore, be isolated from matrices and then be enrichment before the final
determination can be undertaken. The complete procedure for determining
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pesticide residues in biological materials is complex and consists of several stages,
which are summarized follow:

preparation of samples for analysis,

Approaches are being sought to develop pesticide determination techniques
that are quick, simple, cheap, effective and safe. QuEChERS (Quick, Easy, Cheap,
Effective, Rugged, and Safe) [2–7] is one such method. QuEChERS is highly effec-
tive sample preparation technique for the pesticide multiresidue analysis in
various sample matrices. This method is based on a salting-out extraction with
a solvent (mainly acetonitrile) followed by a solid phase extraction (SPE) and was
developed by Anastassiades et al. [8]. The original QuEChERS method is based on
a number of stages (Fig. 1). The QuEChERS approach is very flexible and it serves
as a template for modification [9].

QuEChERS sample preparation was used for the determination of eight pes-
ticides residues in forty samples of fruits and vegetables collected from markets in
Gdansk. Pesticides standards with a minimum of 98% purity, were purchased
from Sigma Aldrich. Stock solutions of individual standards (10 mg/L) were
prepared in acetonitrile. The calibration standards solutions contained the eight
pesticides in concentrations ranging from 0.05 to 1.00 mg/L. The fruits and
vegetables samples were prepared with QuEChERS method. For extraction, 10 g
sample were transferred into a polypropylene centrifuge tube, 10 mL acetonitrile
were added and the solution was mixed using a Vortex mixer for 1 min then,
4 g anhydrous MgSO and 1 g NaCl were added and solution was mixed again for
1 min. The tube was centrifuged for 10 min at 1200 rpm. Then four milliliter
aliquot of the upper layer was transferred to a polypropylene centrifuge tube

�

�

�

�

isolation (extraction) of pesticides from samples,
extract clean up,
identification and determination of analytes.
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Fig. .1 Steps in the QuEChERS procedure
of sample preparation for the determination of
pesticide residue in fruit and vegetables.

Add 10 mL of Acetonitrile

Take Aliquot and Mix with MgSO and PSA4

Add ISTD Solution

GC-MS or LC-MS Analysis

Weigh 10 g of Sample

Add NaCl and MgSO4



containing 200 mg PSA and 600 mg anhydrous MgSO . The extract was mixed
using a vortex for 30 s and then centrifuged for 3 min at 3500 rpm. The clean
extract was then transferred with a glass Pasteur pipette to 1.5 ml properly
identified glass vials with plastic screw cap. Samples were normally analyzed by
the same day and kept in the fridge when analysis was not running.

Analyses were carried out with a GC 6000 Vega Series 2 Carlo Erba gas
chromatograph equipped with an electron-capture detector (ECD Ni). The
system was equipped with capillary column (Zebron ZB-5MS 30 m × 0.25 mm,
0.25 μm). Temperature of the ECD detector was at 340 °C. The total run time was
25 min and ChromCard chromatography data system was used for instrument
control and data analysis. Quantification of the pesticides was by peak area using
the external standard method. The validation of the analytical method was per-
formed by the following parameters: linearity, precision and accuracy, limits of
detection and quantification, and repeatability. All pesticides showed linearity in
the concentration range of 0.05–1.00 mg/L, with correlation coefficients ( )
higher than 0.995.

The results of the method validation indicate that the QuEChERS sample
preparation coupled with the GC-ECD analysis is suitable for the determination of
pesticides in fruits and vegetables. As for the forty samples analysed in the present
study, no pesticide residue was detected in any of the samples. The QuEChERS
approach is so flexible and rugged that most pesticides give excellent results when
different amounts and types of solvents and salts are used for extraction and
different sorbents and amounts are used in d-SPE. QuEChERS is a multi-residue
method with fast sample preparation and low solvent consumption.
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There is widespread awareness of the high toxicity of sulfide in its liberated hydro-
gen sulfide form, which can cause severe or fatal poisoning due to the neurotoxic
effect of this gas. The gaseous has an unpleasant odour even at
a very small concentration in the air. In addition, the biological oxidation of hydro-
gen sulfide to sulfuric acid has severe corrosive effect on construction materials.
Hydrogen sulfide is a constituent of natural gas, volcanic gases and sulfur springs.
It is also a by-product of many industrial processes and in nature it is produced
primarily by bacterial decomposition of sulfur containing minerals and organic
materials.

has been extensively studied as the human
endogenous messenger molecule with auspicious therapeutic effects [1]. It has
been reported that appears to be a physiologic gasotransmitter
of comparable importance to nitrogen oxide and carbon monooxide [2]. Due to
very low physiological and therapeutic concentrations, there has been an increa-
sing need for more appropriate analytical methods with emphasis on their
sensitivity and selectivity.

Electrochemical detection systems utilizing conductive polymers are found to
be advantageous for a wide range of electroanalytical applications. Electrodes
modified by suitable redox mediator solve problems usually associated with solid
electrodes such as insufficient sensitivity, low electrocatalytic activity, slow
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electron transfer, current and potential oscillations, or need for high overpotential
on the electrode.

a water-soluble phenothiazine cationic dye. It has been used
not only in the spectrometric determination of sulfides, but in recent years, it has
also served as a mediator of charge transfer reactions [3]. Electrochemical poly-
merization of monomer methylene blue leads to immobilization of a conductive
polymer film on the surface of solid electrode. This film proves significant
electrocatalytic activity in oxidation of sulfides, thiols and other sulfur
compounds [4]. Besides strong adhesion of the polymer to the electrode surface,
this system exhibits good stability in a wide range of pH [5].

This work presents the study of poly(methylene blue) mediator in electro-
chemical detection of sulfide anions in an aqueous medium. Cyclic voltammetry
has been performed on basal plane of highly oriented pyrolytic graphite electrode
modified by deposited polymeric methylene blue. Atomic force microscopy has
been used for imaging nanomorphology of the poly(methylene blue) film.

Methylene blue is
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Molecularly imprinted polymers are synthetic materials with artificially created
sites capable of interacting preferentially with investigated analyte in the pre-
sence of other compounds. In the preparation process, molecules (template) and
monomers usually form complexes by covalent or non-covalent bonds [1]. Cou-
marins are a group of flavor substances occurring in the free form or glycosidically
linked compounds. One of the most frequent natural coumarin derivatives is
umbelliferone (7-hydroxycoumarin). It is characterized by the ability to absorb
ultraviolet radiation from the sun [2]. Aim of this work was to prepare and test
molecularly imprinted polymer for the selective sorption of investigated group of
coumarins and use of these polymers as sorbents for extraction of coumarins from
plant samples. Molecularly imprinted polymer for umbelliferone was prepared by
non-covalent approach. The polymers were prepared by using methacrylic acid
as monomer, EGDMA as crosslinking agent, and AIBN as initiator of polymeri-
zation. The polymer prepared in chloroform as porogen was selective for the
investigated group of coumarins. It was found out that the MIP-SPE technique was
suitable for selective extraction of coumarins from plant samples with yields
higher than 70% (RSD 10%). Different solvents for extraction of coumarins were
tested. It was found out that the best solvent was mixture methanol/water
(1/1, v/v). In the plant extracts of chamomile, lavender, melilot and angelica
archangelica was found out the presence of three investigated coumarins, umbe
lliferone, coumarin and herniarin at concentration level above limit of detection.
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Alcoholic beverages are complex mixtures mainly comprised of ethanol and water
and a large number of minor compounds that may be present in the raw materials
or formed during the distinct stages of the production process such as: alcohols,
acids, esters, aldehyde, polyphenols, metals, aminoacids, etc. The different con-
centrations of these substances confer the particular characteristics to each
product, affecting sensory properties appreciated by consumers such as odor,
taste, and color [1].

Adulteration of spirits is a very old issue and a content of ethanol is one of the
crucial elements for taxing the products. The higher ethanol content in a product
means more tax for producers. It is one of the main reasons for using specific
substances for adulteration. One of these substances is methanol, which is a noto-
rious ingredient used illegally in products of imitated spirits and wines. Higher
concentration of methanol in spirits is very toxic to human health[2]. To respect
this fact, fast and reliable analytical methods for the assessment of quality and
authenticity of spirits and raw materials used for production of spirits are needed.
The overall quality check for alcoholic beverages became ‘the hot topic’ in the
Czech Republic a last year when spirits were adulterated with methanol. During
a ‘methanol scandal’ (from September 2012 to January 2013) 39 people died of
methanol poisoning and 117 people with serious health problems were hospita-
lized. Methanol was added to alcoholic beverages deliberately. The Department of
Food Analysis and Nutrition at the Institute of Chemical Technology Prague was
involved in the solution of this crisis and in October 2012 obtained an appropriate
Accreditation of the analytical method for alcoholic beverages control.
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and Overall Quality Check
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Determination of ethanol in alcoholic beverages is crucial in the spirits
industry for production and calculation of taxes [1, 2]. A content of ethanol is very
important to determine the quality of the drinks and compliance with regulations.
Finally, it is necessary to control the maximum levels of certain substances, such as
methanol, acetaldehyde, higher alcohols, esters etc., expressed in grams per
hectoliter of 100% vol. alcohol according regulation EC No 110/2008.

The official pycnometry method for the determination of the ethanol content in
alcoholic beverages is based on the measurement of a specific gravity, carried out
after a previous distillation of the samples [3]. Pycnometry involves the accurate
determination of mass and volume of the distillate to obtain its density. Although
the theory of the method is very simple, the technique is time consuming and
requires an experienced technician, making it expensive and susceptible to error
[4]. Moreover, some components, such as aromatic compounds (e.g. higher alco-
hols), are retained in the distillates. This fact can affect the resulting concentration
of ethanol [3]. Higher alcohols are treated as important flavor compounds. On the
other hand in some studies on surrogate alcohol a number of authors attributed
the possible higher toxicity of this group of illegal or home-produced alcohol to its
content of higher alcohols. For example, compared to consumers of mainly licit
alcohol, consumers of home-made alcohol in India have been reported to have
higher rates of alcoholic liver disease [4].

Nowadays, for determination of ethanol pycnometry (mentioned above) and
occasionally gas chromatography coupled to a flame ionization detector (GC-FID)
is used. Gas chromatography coupled to mass spectrometry (GC-MS) is more
selective but there are no articles on the use of GC-MS for determination of ethanol
using isotopic dilution mass spectrometry [5].

In this work five different spirits differing in the concentration of ethanol were
investigated. Two of them (hruškovice and grappa) included spirits with a high
content of higher alcohols and another volatile compounds. As representative
spirits with a medium content volatile compounds and higher alcohols rum
(Havana) and whiskey (Grans) were selected and vodka with minimum volatile
compounds were selected.

In this new approach, a sample preparation is very fast, briefly 50 μL of the
sample, 100 μL of the internal standard (Ethanol-2,2,2-d3) and 10 mL of water is
mixed and all collected volumes of sample, internal standard and water are
weighed on the analytical balance. An Agilent 6890 gas chromatograph coupled to
a mass spectrometer 5975 (Agilent Technologies, USA) was used for the GC-MS
analysis of ethanol. The sample (0.5 μL) was injected onto HPINNOWax
(30 m×0.25 mm i.d., 0.25 μm film thickness). Column temperature program:
40 °C (4.5 min), post run 180 °C (5 min).

Results of the content of ethanol in samples examined by GC-MS were com-
pared to results obtained by pycnometry (Table 1). RSD ( = 6) was in the range
from 0.19 to 0.67 %.

n
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Sample Concentration of ethanol (%, )

GC-MS Pycnometry

Rum 37.7 37.5
Hruškovice 44.5 44.8
Grappa 40.1 40.4
Whiskey 40.2 40.1
Vodka 45.4 44.8

v/v

Table 1

Comparison of concentration of ethanol obtained
by GC-MS and pycnometry.
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The use of pesticides provides unquestionable benefits in increasing agricultural
production to grow the quantity and quality of food needed to sustain the human
population. Pesticides protect crops before and after harvest from infestation
by pests and plant diseases, and help to limit many human diseases transmitted by
insect or rodent vectors [1].

The wide and large number of pesticides applications has resulted in an exten-
sion beyond agricultural applications into many other parts of the environment.
These compounds pose a particular threat in natural waters, as these are sources
of drinking water and are essential for the maintenance of life. The various pro-
cesses that pesticides undergo in the aquatic environment can cause them to be
converted into substances of greater toxicity [2]. Despite their numerous merits,
pesticides are some of the most toxic substances contaminating our environment,
which fate and function is still largely unknown. They are not only toxic but also
mobile and capable of bioaccumulation. Their presence was detected in all types
of water circulating in the ecosystem, which is an easy source of exposure to life
and health of all living organisms [3]. Concentrations are the highest during the
spring snow melt period and when pesticides are being applied to crops. Cu-
rrently, is considered one of the most dangerous and toxic pollutants, which fate
and function is still largely unknown.
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Fig. .1 The steps of determination of multiresidue of pesticides in samples characterized by complex
composition of the matrix

In Europe, the monitoring of surface water and groundwater is carried out
(mainly pesticides withdrawn from use, including: organochlorine pesticides,
simazine, atrazine, chlorfenvinphos, chlorpyrifos, diuron, isoproturon, and tri-
fluralin). The levels of currently used pesticides are not controlled, even though
they are also suspected of carcinogenic compounds or even be carcinogenic.
Moreover, used so far analytical procedures are usually laborious and time-
-consuming, requiring the use of large quantities of toxic and expensive solvents
and are often characterized by a low coefficient of enrichment. In addition to
national guidelines, international legal regulations imposed by the EU concerning
the permissible level of pesticide residues in water and food, have driven the
development and improvement of novel analytical techniques towards multi-
-residue analysis, low limits of detection and the use of small sample volumes. The
improvements of existing techniques are aimed at miniaturization, automation,
and the use of solvent-free techniques at the sample preparation stage, that are
consistent with Green Chemistryʼ principles [4].

Nowadays, the trend is to develop analytical methods enabling a broad
spectrum of analytes to be determined in a single analytical run (multiresidue
methods). But the problem here is that the compounds to be determined
simultaneously, often present at low concentrations, have different physico-
chemical properties depending on their chemical structure (e.g., polarity, solu-
bility, volatility, and acidic/base characteristics). Figure 1 presents the steps of the
multi-residue method. Such a methodology, apart from being able to determine
a large number of compounds in one run, should:

ʻ

ensure maximum removal of interferents from extracts,
give large recoveries of target compounds, high sensitivity and good precision,
be environmentally-friendly, i.e. require the smallest possible quantities of
samples and chemical reagents, especially organic solvents,
be cheap, quick and easy to carry out.

�

�

�

�
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Still is missing one and a universal procedure that would allow to determine at
the same time in a quick, cheap and safe way for the environment [5].

The purpose of the research has been to develop and apply green analytical
methodologies to control and monitor the level of currently used pesticides from
different chemical groups in aqueous samples. For extraction of analytes solid-
-phase microextraction and dispersive liquid-liquid microextraction have been
applied and compared. For , commonly used mate
rials for coating fibers include: polydimethylsiloxane, polyacrylate and also
mixtures of: polydimethylsiloxane and polydivinylbenzene, carbowax and polydi
vinylbenzene, polydivinylbenzene and carbowax and polydimethylsiloxane were
compared. For , different mixtures of
extraction and disperser solvents were compared and evaluated. For the identi
fication and quantitative determination gas chromatography coupled with mass
spectrometry was applied. The analytical procedures were validated and applied
to natural water samples from river, lake, sea, pond, well, canal and rain collected
around Glasgow region (Scotland, UK), Tricity area and central Masuria (Poland).
The results of analysis of collected water samples in the study area indicate
a potential risk of environmental contamination, because detected concentration
levels of pesticides were higher than those established by the European Union
legislation. The developed methodologies have proved to be selective, sensitive
and precise for the simultaneous determination of currently used pesticides from
various chemical groups. Optimized analytical methods are simpler, lower cost
and less labor intensive sample preparation techniques than conventional
methods. The results show that the selectivity of developed methodologies are
sufficient to analyze environmental samples and can be used in the monitoring
studies to control the content of selected pesticides.

ʻ ʼ

solid-phase microextraction -
,

-

dispersive liquid-liquid microextraction
-
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This work deals with the determination of arsenic in the waste waters by
flow-through coulometry. The measurements were done on an electrochemical
flow system EcaFlow 150 GLP manufactured by Istran, s.r.o., Bratislava. The
three-electrode flow cell consisted of the gold wire working electrode, the auxi
liary electrode and the Ag/AgCl reference electrode which was
separated from the flowing solution by a membrane. As a carrier electrolyte we
used a solution of 0.1 mol L with addition of 0.1% Triton,
denoted as R101s. The fast quantitative reduction of As(V) to As(III) in acidic
solution was done by a solution containing potassium iodide and ascorbic acid.
Ascorbic acid acts a stabilizer and potassium iodide as a reducing agent was
oxidized by the acidic solution of As(V) to iodine, whereas As(V) was reduced to
As(III). The obtained results shows that the employed reducing agent ensures
a fast and quantitative reduction of As(V) to As(III). The procedure was validated
and applied for analysis of real samples.
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Nowadays, a number of alcoholic beverages with a variety of tastes and aromatic
features are accessible in the market. At the same time, in every country tradi-
tional beverages are still enjoying wide popularity in customers. For example,
alcoholic distillate ‘Oskurošovica’ made from fruits of Service Tree (

) is specific for Slovakia and Czech Republic region. This distillate is
often high valued by experts due to their specific aroma and taste characteristics,
which are defined by presence of particular organic compounds. In addition,
Service Tree fruits are famous for its antioxidant effect and a few studies have been
devoted to this question [1, 2].

Despite of broad possibilities that could be provided by gas chromatography
technique, all investigations connected with Service Tree distillates were per-
formed only by liquid chromatography [3]. Therefore, the purpose of this study
was to fulfill a lack of information about volatile organic compounds content of
Service tree distillate by comprehensive two-dimensional gas chromatography
(GC×GC). The studied sample was obtained from Bosaca distillery (Slovakia).
Liquid-liquid extraction procedure was applied for the preconcentration. In total,
a 30 mL of sample with dissolved sodium chloride was extracted with three 10 mL
portions of pentane in separation funnel. Collected extracts were concentrated
using Kuderna-Danish apparatus at constant water bath temperature 43 °C to
final volume 1.5 mL. A non-polar HP-PONA (50m × 0.2 mm, 0.5 μm) column and a
high polar DB-FFAP (30 m × 0.25 mm, 0.25 μm) column were tested for the first
dimension separation, whereas a semi-polar BPX-50 (2 m × 0.1 mm, 1 μm) column
was used for the second dimension separation. The detection was carried out by
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time-of-flight mass spectometer (TOF-MS). The data software and GC×GC-TOF-
-MS data of standard compounds were applied for identification procedure.

In the case of comprehensive two-dimensional gas chromatography, an impor-
tant issue is the degree of orthogonality for the selected column setup, since this
factor evaluates the available retention space for compounds separation. Thus,
the effectiveness of two columns combinations with different orthogonality
characteristics were compared for the analysis of the studied beverage (Fig. 1). As
can be seen from the data, the combination of the polar and semi-polar columns
was more sufficient for the analysis of distilate. The similar
results as to columns setup were obtained for another alcoholic beverage [4].
More than 400 compounds from various chemical classes such as esters, alcohols,
organic acids, aldehydes, ketones, acetals, terpens, furans, saturated and aromatic
hydrocarbons have been detected. Such complicated volatile organic compounds
composition of the studied beverage is caused by a number of sources, fruit origin,
conditions of fermentation process, type of distillation procedure, etc. Conse-
quently, the found volatile organic compounds content could be further
successfully exploited for search of specific compounds in the beverage.

Sorbus domestica
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(b)

Fig. .1 GC×GC-TOF-MS chromatograms of the studied distillate obtained with the column combi-
nations of (a) HP-PONA and BPX-50, (b) DB-FFAP and BPX-50.
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Comprehensive two-dimensional gas chromatography (GC×GC) is a modern
technique that passes each sample component through two different capillary
columns. Separation is achieved by coupling a gas chromatography separation in
the first and second column. The modulator is a piece of hardware that transfers
effluent from the exit of the primary column to the head of the secondary column
as a repetitive series of pulses [1]. The several different modulators that are com-
mercially available can be classified into two main categories: thermal modulators
and valve-based modulators. Every commercially available thermal modulator
requires the consumption of large amounts of liquid cryogen coolant and gaseous
working fluid. Thermal modulation produces optimal resolution, but also sacri-
fices some of the simplicity of conventional gas chromatography [2]. Valve-based
modulators do not require additional consumables and use straightforward
low-cost designs. Two main classes of valve-based modulators have been deve-
loped: flow diversion and differential flow. Pulse (fluid) pressure modulator is
a simple differential flow modulator [3, 4].

A fast three-way solenoid valve is the key piece of the pulse modulator. The
solenoid valve switching is timed by PC and provides distribution of a mobile
phase between two transfer lines. Each transfer line ends on a T-connector. These
connectors are positioned between columns and storage transfer line, which is
situated between first and second column. Storage transfer line is for storage of
effluent from the first analytical column. After the filling of the storage sample line
with the effluent, high flow rate pulse flushes the effluent from the storage transfer
line to the second analytical column [5].
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The main aim of this study is construction of the pulse pressure modulator and
optimization of its connection to the gas chromatograph with a flame ionization
detector. Optimal conditions were found for the analysis of the mixture of selected
volatile solvents. Pressure interdependences in the system and relations between
dimensions of modulator capillaries and columns have been evaluated with
respect to the length of the modulation period and pulse duration.

Two non-polar columns of the same stationary phase (15 m × 0.25 mm
DB-5MS, 10 m × 0.15 mm CP-Sil 5 CB) were tested to compare the separation
efficiency in the first dimension and the DB-5MS column was selected. The
Supelcowax 10 columns of the lengths 1, 2 and 3 m were compared in the second
dimension. It was found that using of 3 m length column leads to the extension of
analysis, however the increase in separation efficiency in the second dimension
was evident. The experimental measurements have shown that the selected para
meters for the evaluation of the separation efficiency (the peak capacity and total
resolution product) were inappropriate.

Gasoline, kerosene and diesel fuel were analyzed as examples of real samples.
Ethanol content in a biofuel as an additive was determined in the gasoline sample.

In the present, we compare this modulator with a new prototype which is
equipped with two two-way solenoid valves instead of one three-way valve.
Optimal conditions for the analysis were found of the same testing mixture of
selected volatile solvents.
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