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Preface

This volume of conference proceedings involves 41 contributions presented at the
11th year of the international conference “Modern Analytical Chemistry” orga-
nized by our Department of Analytical Chemistry, Faculty of Science, Charles
University of Prague on 22–23 September 2015. The mission of the conference is
to provide a forum for presentation of achievements in the field of analytical
chemistry by PhD students from various countries. Starting 2004 our gathering
offers annually the chance for improvement of the presentation skills, provides
the floor for discussion and exchange of experiences and opinions, and moreover
stimulates the enhancement of the knowledge of English language of the parti-
cipants.

The contributions are assorted by the name of presenting author and, as the
reader will see, cover all branches of analytical chemistry, from improvement of
instrumentation to application on environmental and toxicological problems. The
Proceedings assure us, that analytical chemistry – thanks to young analytical
chemists – remains exciting and steadily developing science with new, unsus-
pected ways of its innovation and application.

We are very grateful to the Division of Analytical Chemistry of E C MS for
auspices of our conference this year. Also, all sponsors are cordially thanked, not
only for their kind financial sponsorship, but also for their continuous support and
cooperation in many of our other activities.

ří

The 11th International Students Conference “Modern Analytical Chemistry”
is organized in cooperation with DAC EuCheMS.

u he its

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

Prof. RNDr. Ji Barek, CSc.
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1 Introduction.

Hair, as a human matrix, exhibit a lot of highlights in drug of abuse analysis com-
pared to other biological samples (blood or urine) [1]. First of all, sampling step
for hair is non-invasive, simple, and painless for patient. Secondly, hair sample
does not require specialist storage and transport conditions due to slow process
of destruction of hair compare to another biological samples [2]. Besides, drugs
can stay in this matrix for a long time (even months). However, hair samples have
got some limitations for analysts, just to mention time-consuming analytical pro-
cedures and high correlation to melanin concentration dramatically affecting
results.

Hair analysis consists of few principal steps: sampling, storage and transport,
decontamination, extraction of features from biological matrix, instrumental
analysis and finally data interpretation. The decontamination phase consists of

Development of different methods for drugs

and psychoactive substances extraction from

hair samples and their identification based

on HPLC-ESI-QTOF analysis

J A , A K -WUSTYNA SZYK GATA OT ASIK*

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

Narutowicza Str. 11/12, 80-233, Gdańsk, Poland aszykjustyna@gmail.com�

Abstract

Over the past decade, the use of non-controlled designer drugs and drug of
abuse has rapidly increased. Hair, as a human matrix, enables detection
of drugs incorporated into its structure. Studies of presence and identification
of drug metabolites in human hair samples has been performed using liquid
chromatography electrospray ionization quadrupole time of flight mass
spectrometry (HPLC-ESI-QTOF-MS) with steady alternation of MS and MS/MS.
The comparison of three analytical procedures (including decontamination
and extraction steps) allowing qualitative screening of drugs present in hair
samples were performed based on hair samples collected from 13 volunteers
declaring exposition to several drugs. It was concluded, that all methods are
suitable to extract the majority of the relevant substances from hair. In spite of
this, ambiguity correlation between data known from volunteers
questionnaires and data obtained from HPLC-ESI-QTOF-MS analyses has been
observed and discussed

- -

.
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one or more washing of the sample in order to eliminate possible external conta-
mination. The extraction of the analytes from the hair can be achieved by various
methods, which differ according to the nature of the analytes themselves and the
identification technique to be employed [3].

The aim of this study was to evaluate and compare of three extraction pro-
cedures and to present the potential of liquid chromatography and time-of-flight
mass spectrometry for qualitative drug screening in hair samples collected from
13 volunteers. HPLC-QTOF-MS and MS/MS offers high mass resolution and mass
accuracy [4, 5].

Acetonitrile, methanol, ammonium formate (LCMS grade) were purchased from
Sigma Aldrich. Formic acid was purchased from Merck. Acetone and hexane
(analytical grade) were purchased from POCH (Gliwice, Poland). Nylon ProFill™
25 mm bright blue (0.2 m pore size) syringe filters Whatman Puradisc™ 13 mm
PTFE (0.2 m pore size) syringe filters were purchased from Sigma Aldrich.
Ultrapure water was prepared using HLP5 system from Hydrolab (Wiślina,
Poland).

Hair samples were collected from the posterior vertex region of volunteers. Addi-
tionally, control hair samples were taken for analytical purposes from persons
who do not declare drug intake. The hair samples were stored in low

a) 10 ml -hexane for 1 min followed by 10 ml of acetone for 1 min,
b) 10 ml deionised water for 1 min and two times for 10 min with 10 ml acetone,
c) 10 ml acetone for 2 min followed by 10 ml deionised water and again with
10 ml acetone.
After hair drying on a filter paper (up to 10 minutes) samples were cut to 12 cm
pieces and homogenized. Then 200 mg of hair sample was placed in glass tube.
Subsequently, hair samples were prepared according to three extraction
procedures summarized in Table 1. After extraction, followed by centrifugation at
6000 rpm, liquid phase was collected and the excess of solvent was evaporated at
40 C under a gentle nitrogen stream. The residue was reconstituted in a appro-
priate solvent according to applied procedure. Reconstitution in mixture of
water:methanol with 0.05% of formic acid (95:5, v/v) resulted in colloid
formation, therefore reconstitution in methanol was applied. It is worth to

2. Experimental

2.1 Chemicals

2.2 Sample preparation

n

μ
μ

density
polyethylene Zipper bags in 20–25 °C until analysis. The decontamination of the
hair was performed as follows: strand of hair (300 mg) was placed into an glass
tube and decontaminated by gentle shaking in an ultrasonic bath using:

°
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Parameter rocedure 1 rocedure 2 rocedure 3

Assisted extraction factor ultrasound shaking ultrasound
50 37 37

Time of extraction [h] 1h, 18 h incubation 18 8

ACN/2 mM
NH HCOOH
(25:25:50, v/v/v)

Reference [2] [4] [6]

P P P

Temperature [°C]

Amount and type of MeOH M -
e

H O/ H O/
. formic acid

10 ml of 5 ml of eOH/ 10 ml of MeOH/ACN
xtraction solvent (50:50, v/v)

Solvent for reconstitution MeOH with MeOH MeOH
of residue 0 05% (50:50, v/v)

(95:5,v/v)

4

2 2

Table 1

Workflow for identification of xenobiotics in hair sample.of extraction procedures

mention that the colloid formation was recorded after two days extract storage at
room temperature. Finally, 5 l of the extract was injected for HPLLC-ESI-QTOF-
-MS analysis.

The HPLC-ESI-Q-TOF-MS analysis was performed on an Agilent 1290 LC system
equipped with a binary pump, an online degasser, an autosampler and a thermo-
stated column compartment coupled with a 6540 Q-TOF-MS with a Dual ESI
source (Agilent Technologies). An Agilent ZORBAX XDB-C-8, 150 mm × 4.6 mm,
5

and acetonitrile,
methanol or methanol:acetonitrile (50:50, v/v) (component B). The gradient
elution program was from 10 to 100% B during 20 minutes followed by 100% B
maintained for 10 min. The column temperature throughout the separation
process was kept at 40 C. The mobile phase flow rate was 0.5 ml/min and the
injection volume was 5 μl. During the analysis, the samples were kept in an auto-
sampler at 4 °C. The ESI source was operated both in positive and negative ion
mode with the following conditions: the fragmentor voltage was set at 80 or 150 V,
nebulizer gas was set at 35 psi, capillary voltage was set at 3500 V, and drying gas
flow rate and temperature were set at 10 l/min and 300 °C, respectively. The data
were acquired in centroid and profile mode using High Resolution mode (4 GHz).
The mass range was set at 100–1000 in MS and MS/MS mode. The TOF-MS
was calibrated on a daily basis.

Workflow for identification of drugs in hair sample is shown in Figure 1.

μ

μm column was used for RP-HPLC separation. The mobile phase consisted of
mixture of water containing 0.05% formic acid (component A)

2.3 Instrumentation

m/z

°



Fig. .1 Workflow for identification of xenobiotics in hair sample
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3. Results and discussion

In the present study a comparison of the three developed analytical procedures
was performed for 13 hair samples. The identification of drugs was based on
QTOF-MS and QTOF-MS/MS data and comparison of theoretically calculated mass
based on molecular formula with experimental mass obtained. High mass
accuracy confirmed the trueness of obtained results. The results were
summarized in Table 2.

It can be generally confirmed that three presented methods provided sufficient
extraction recovery of the majority of drugs from hair samples allowing
qualitative screening. Additionally, metabolites of tramadol ( -desmethyltrama-
dol and -desmethyltramadol) and metabolites of doxepin (hydroxydoxepin and
desmethyldoxepin) were found in hair samples. According to similarity in doxepin
structure ( = 280.1696) and desmethyldoxepin ( = 266.1539) these
analytes were eluted at the same time. The intensity of hydroxydoxepin peak is
higher than the intensity of doxepin peak, what can be a proof for higher
incorporation of this metabolite in hair structure than other features. However,
ultrasound assisted extraction exhibited some limitations.

azine could not be detected
probably due to the decomposition of the drug.

O

N

m/z m/z

Long-lasting ultra-
sonication and temperature 50 °C resulted that per



However, there were 22 drugs or psychoactive substances, which were
mentioned in volunteer s questionnaires, but were not detected in the hair
samples. They were pointed in Table 3. Few reasons can be used to explain this
phenomena just to mention washing-out by frequency use of shampooing and
color of hair (sample III). It is well known, that the incorporation of drugs in the
hair depends on melanin content in the matrix and is regulated by the pharmaco-
logical principles of the substance distribution. The incorporation and binding of
drugs in the hair is much greater in pigmented versus non-pigmented hair, so no
detection of these drugs in grey hair is explicable [2]. The reason can also lie in
irregular intake of drugs (sample IX), insufficient stability of features in hair,
a long-term medical treatment in case of some drugs and finally on low
concentration of drug in hair sample not sufficient for QTOF-MS detection (sample
VIII) [4]. In case of sample IX, hair were collected from tip (distal) section of hair as
well. This additional analysis was performed in order to verify how cutting/not-
cutting of hair for 5 years (as was declared in questionnaire) will affect results.
This effort allowed to detect 6-APB (this drug was not detected in hair sample

’

Table 2

Summarize of drug detected in hair samples and their theoretical and experimental masses.

Drug/metabolite Teoretical mass Experimental mass Mass accuracy
ppm

6-APB 176.1070 176.1069 0.57
6-APBD 178.1226 178.1230 2.25
amphetamine 136.1121 136.1124 2.20
dextromethorphan 272.1998 272.2009 4.04
dimethyltryptamine 189.1386 189.1382 2.11
doxepin 280.1696 280.1692 1.43
desmethyldoxepin 266.1539 266.1542 1.13
hydroxydoxepin 296.1645 296.1652 2.36
fentanyl 337.2274 337.2267 2.08
fluoxetine 310.1413 310.1415 0.64
hydroxyzine 375.1834 375.1830 1.07
methadone 310.2165 310.2170 1.61
methoxetamine 248.1645 248.1646 0.40

175.1230 175.1231 0.57
metropolol 268.1907 268.1899 2.98
noopept 319.1652 319.1656 1.25
paracetamol 152.0706 152.0704 1.32
perazine 340.1842 340.1833 2.65
sulfamethoxazole 254.0594 254.0590 1.57

tramadol 264.1958 264.1951 2.65
-desmethylotramadol 250.1801 250.1799 0.80
-desmethylotramadol

trimethoprim 291.1452 291.1447 1.72
zopiclone 389.1123 389.1120 0.77
UR-144 312.2322 312.2310 3.84

[ ]m/z [ ] [ ]m/z

α-methyltryptamine

α-
O

N
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taken from posterior vertex of the head), what confirms hypothesis that this drug
was intaken in earlier period of life.

Broad spectrum toxicological screening of hair looks applicable to the search of
many drugs of abuse. HPLCQTOF-MS can be successfully applied for the general
unknown drug screening in hair. However, appropriate sample preparation
method for drug isolation and concentration from hair samples must be used.

4. Conclusions
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Summary of analysed hair samples with undetected substances.

Sample Color of hair Undetected substances Note
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25I-NBOMe, 5-HO-DMT

The volunteer declared that
since five years he did n t



1. Introduction

Urine as biological fluid is a very good indicator of human health. Collection of
urine is easier than collection of blood and avoids invasive procedures [1]. Urinary
water-soluble organic compounds are the end products or intermediates of the
metabolism of sugars, lipids, amino acids, etc. Creatinine is a cyclic nitrogen
containing organic substance formed by cyclization of creatine. Production and

secretion of creatinine is normally in balance and any filtered creatinine by
kidneys is eliminated from the body by urine [2]. Urinary creatinine excretion is
a function of lean body mass in normal persons and shows little or no response to
dietary changes. Creatinine in urine is used since several decades for the
correction of excretion rates or urinary concentrations of numerous endogenous
and exogenous substances [3].

Creatinine is a commonly analyzed compound in clinical biochemical labo-
ratories. The most common and routine analytical method for the determination
of creatinine is enzyme-catalyzed photometric assay.

Gas chromatography-mass spectrometry is frequently used for the mea-
surement of many analytes [4], but the potential problem with GC-MS is the need
of derivatization for polar and non-volatile analytes. Derivatization is based on the
substitution of polar groups of carbohydrates in order to increase their volatility.

-
-

Comparison of enzymatic and GC-MS/MS

analysis of creatinine in urine samples

V F , P K D H J B
R K D B

IKTÓRIA ERENCZY ETER OTORA , UŠANA UDECOVÁ , AROSLAV LAŠKO ,

ÓBERT UBINEC , ARINA EHÚLOVÁ

a, b a a a

a b
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Abstract

Work was focused on the comparison of enzymatic and gas chromatographic
tandem mass spectrometric analysis of creatinine and the simultaneous
analysis of creatinine and fructose with GC-MS/MS after silylation with hexa
methyldisilazaneand -bis(trimethylsilyl)trifluoroacetamide. This method
allows the direct derivatization of urine samples without sample pretreatment
before derivatization. Because of this, the analysis and the diagnostics of
diseases are faster than in case of a separate determination of both analytes.

-

N,O

Keywords

creatinine
enzymatic analysis
GC-MS/MS
silylation
urine



One of the most popular derivatization methods is silylation, when volatile and
stable trimethylsilyl (TMS) ethers are formed [5]. Analysis of aqueous samples is
problematic because of the high reactivity of silylation agents towards water [6].

Simultaneous determination of hydroxyl groups in fructose and amino groups
in creatinine in aqueous samples was resolved with two step derivatization, first
with hexamethyldisilazane (HMDS) and second with -bis(trimethylsilyl)tri-
fluoroacetamide (BSTFA). Comparison of enzymatic method was carried out with
newly developed GC-MS/MS method.

-bis(trimethylsilyl)trifluoroacetamide, creatinine, and fructose were bought
from Sigma-Aldrich. Trifluoroacetic acid was purchased from Fluorochem Ltd.
(Hadfield, UK). Millipore HPLC water, acetonitrile, HMDS were bought from
Merck. as an internal standard
was purchased from SynthCluster s.r.o. (Modra, Slovakia).

The GC-MS/MS analyses were carried out with a Trace GC Ultra gas chromato-
graph with a TriPlus autosampler and a TSQ Quantum XLS mass spectrometer
(Thermo Fisher). The injected volume of sample was 1 μL into the injector ope-
rating in splitless mode (2 min). The injector temperature was 280 °C and the MS-
transfer line was 260 °C. Compounds were separated on a 30 m 0.25 mm (i.d.)
× 0.25 μm DB-5MS capillary column (Agilent Technologies). The column tempe-
rature was initially set to 80 °C, held for 1 min and increased at a rate of 20 °C min
to 210 °C and then increased to 230 °C at a rate of 2 .

The enzymatic analysis was carried out with a VITROS 5,1 FS Chemistry
Systems (Ortho-Clinical Diagnostics) with VITROS CREA Slide method and the
VITROS Chemistry Products Calibrator Kit 1 in the Department of Laboratory
Medicine University Children’s Hospital in Bratislava (Slovakia). The VITROS
CREA Slide is a multilayered, analytical element coated on a polyester support.
A 10 μL drop of urine sample is deposed on the slide and is distributed by the
spreading layer and the slide is incubated at 37 °C. The resulting change in
reflection density is measured at 2 time points. The analysis was 5 min. at 37 °C
and the wavelength was 670 nm.

A two-step derivatization method was based on the previously developed method
by Podolec et. al [6] with HMDS and BSTFA. In the first step, 700 μL of HMDS:ACN

N,O

2.1 Reagents and chemicals

N,O

2.2 Instrumentation

2.3 Derivatization

2. Experimental

Methyl-4-deoxy-4-fluoro-α- -glycopyranosideD

× ×

°C min

−1

−1
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mixture (1:1, v/v) was added as a silylation agent to 20 μL of urine sample for the
derivatization of easily silylable functional groups (hydroxyl in fructose) and
water, 2 μL of trifluoroacetic acid was added as a catalyst and the sample was
heated to 50 °C for 30 min at 700 rpm in a Thermoshaker TS-100C from Biosan
(Riga, Latvia) in open vial because of the escaping an ammonia gas produces in the
reaction. In the second step, 300 μL of pure BSTFA was added and the mixture was
heated to 80 °C for 30 min in a closed vial.

The analyte concentration in urine was found by using internal standard
calibration graph; the calibration curve was prepared in the concentration range
0.25–10,000 mg L . The calibration curves were constructed based on the peak
area ratio of the analytes and versus the concentration of the
analytes in mg .

For the GC-MS/MS analysis, the derivatization method for the simultaneous
analysis of carbohydrates and amines allows direct silylation of urine samples
without sample pretreatment before derivatization (extraction, freeze-drying,
etc.). A single run silylation of sugars and amino acids is problematic due to the
different ability of the functional groups to form TMS derivatives. Powerful BSTFA
enables the silylation of most functional groups, but its use leads to the formation
of multiple derivatives of carbohydrates. Weaker HMDS resulted only in the expec-
ted derivatives of carbohydrates, but was inefficient in the derivatization of amino
groups. By using a two-step silylation with HMDS and BSTFA, all the selected
analytes were derivatized to their TMS analogs with only the expected derivatives
formed.

The enzymatic analysis of creatinine which is used in University Children’s
Hospital is one of the most frequently used routine biochemical methods. Creatine
is converted to sarcosine and urea by creatine amidinohydrolase. The sarcosine, in
the presence of sarcosine oxidase, is oxidized to glycine, formaldehyde and hydro-
gen peroxide. The final reaction involves the peroxidase-catalyzed oxidation of
a leuco dye to produce a colored product.

The comparison of enzymatic and GC-MS/MS analysis is shown in Fig. 1; the
GC-MS/MS method for the determination of creatinine is comparable with the
enzymatic method used in the hospital laboratory. In the laboratories of Chemical
Institute we performed the simultaneous derivatization of creatinine and
fructose. The GC-MS/MS chromatograms of real urine samples are shown in Fig. 2
and the analyte concentrations are listed in Table 1.

3. Results and discussion

–1

internal standard
L–1
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Fig. .1 Comparison of en-zymatic and GC-MS/MS analysis of creatinine in urine samples.

Fig. 2. GC-MS/MS chromatograms of TMS derivatives in urine samples: creatinine (Cre),
- - (mFG), - -fructofuranoside (Fru ), -
(Fru ).

methyl-4-
deoxy-4 fluoro-α- -glycopyranoside β α- -fruc tofuranosideD DD 1

2



4. Conclusions

Comparison of these two methods shows,
that the GC-MS/MS method with direct sily-
lation enables simultaneous analysis of
several analytes (creatinine and fructose) in
one step, unlike the enzymatic analysis,
when it is necessary to carry out a sepa-
ration of all analytes separately in multiple
steps.
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1. Introduction

The monolithic columns (also called monoliths, continuous porous beds, polymer
rods) have been existing in the literature since 1980s and early 1990s [1, 2]. There
are generally distinguished two groups of monoliths: organic and inorganic
materials [3]. The inorganic, silica-based monoliths can be obtained by immobili-
zation of the silica particles by sintering or in the hydrolytic polycondensation of
alkoxysilanes in the sol-gel process [4]. The organic monoliths are obtained in
a single step (usually) polymerization of functional monomers and cross-linking
reagents in the presence of a porogen solution and an initiator [3]

-
[2]. Morphology of the obtained monolith depends on the method

of initiation, temperature, the composition of the polymerization mixture and the
type of porogen solution (molar or weight ratio of the functional monomer to
cross-linking, monomer to porogen ratio, amount of initiator and so on) [5].

Monolithic columns can be an alternative for packed columns, but packed
columns are still more popular as far. Actually, most of the chromatographic
columns are packed with silica-based stationary phases. The silica gel can be
modified with hydrophobic hydrocarbon chains of various lengths (C , C , C , C ,
C ), polar groups (–NH , CN, DIOL) or non-polar moieties such as cholesterol
[6]. Cholesterol stationary phases based on the silica-gel support have been used

. Initiation of
polymerization can occur under the influence of heat, UV or γ radiation and che
mical reaction

2 8 18 22

30 2 – –

Cholesterol capillary monolithic columns for

reversed-phase liquid chromatography
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Abstract

In this work were described the methodology of preparation of cholesterol
monolithic capillary columns and their applications. This polymeric material
was obtained in one-step thermally initiated polymerization carried out
directly in the fused silica capillaries. As a functional monomer cholesteryl
methacrylate was used and trimethylolpropane trimethacrylate was a cross-
-linker. As a porogenic solution isooctane/toluene mixture was used. The
synthesized capillary columns were applied for the separation of alkyl-
benzenes, -terphenyl/triphenylene, steroid hormones and polycyclic
aromatic hydrocarbons.

o

Keywords

cholesterol stationary phase
micro-liquid chromato-

graphy
monoliths
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in liquid chromatography since 1990s [7]. This stationary phase can be success
fully used to separate, e.g. structural isomers [8], different xenobiotics [9], benzo
diazepines [10], flavonoids [11], polycyclic aromatic hydrocarbons (PAHs) [6, 12],
steroids[13], beta-blockers [14], tetracyclines [15], catechins, saikosaponins,
carotens, vitamin K isomers [16, 17].

The following chemicals were purchased from Sigma-Aldrich: trimethylol-
propane trimethacrylate (TRIM), 2,2,4-trimethylpentane (isooctane), tetrahydro-
furan, 3- , thiourea, benzene,
toluene, ethylbenzene, propylbenzene, butylbenzene, o-terphenyl, triphenylene,
the steroid hormones standards and the PAHs standards. The radical polymeri-
zation initiator 2,2'-azoisobutyronitrile (AIBN) was from Fluka. Cholesteryl
methacrylate (CholMA) we synthesized in our laboratory. Acetonitrile (HPLC ultra
grade), methanol (HPLC ultra grade) were from J.T. Baker (Witko, Łódź, Poland).
Deionized water was produced in our laboratory using a Milli-Q system (Milli-
pore). Polyimide-coated fused silica capillaries of various diameters were
purchased from Polymicro Technologies (USA).

All chromatographic measurements were performed on a capillary LC system
consisting of a pump delivering the mobile phase (Agilent 1260 cap pump with
degasser, Agilent Technologies), 10-port valve with a microelectric actuator
(C72MX-4694EH, Vici Valco Instruments) with a 50 nl external capillary loop, a set
of connecting capillaries (TSP of various diameters Polymicro Technologies).
On-column detection was performed using a Spectra-100 (Thermo Separations
Products) detector. UV absorbance was monitored at 205 nm, 222 nm and 254 nm.
For process control and data collection the Clarity 4.0.04.987 software was used
(DataApex, Czech Republic).

The monolithic columns were characterized using scanning electron micro-
scope (Leo 1430 VP, Leo Electron Microscope).

Before polymerization, a polyimide-coated fused silica capillaries (180 μm I.D,
350 μm O.D.) were modified according to the general procedure reported
earlier [18].

Monolithic stationary phases were prepared by one-step in-situ thermal
polymerization carried out in a water bath at 60 °C for 24 h. The detailed

-
-

2. Experimental

2.1 Chemicals and reagents

2.2 Equipment

2.3 Synthesis of monolithic columns

(trimethoxysilyl)propyl methacrylate (γ-MAPS)
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procedure of preparation of the cholesterol-based monolithic capillary columns
has been reported previously [18]. Briefly, the following constituents ratios were
used to synthesize the columns used in this work: TRIM/CholMA (27.5/12.5% by
weight), porogen solvent: isooctane/toluene (92.5/7.5% by weight), and initiator
AIBN (1% with respect to the monomers); see Fig. 1). The polymerization mixture
was prepared in a 2 ml eppendorf vial, vortexed and degassed by sonification.
Then, part of the reaction mixture was introduced into the capillary and after that
the capillary was plugged with rubber septa at both ends and placed in a water
bath. After the polymerization was completed, 5 mm was cut from each end of the
capillaries, which were thereafter flushed with THF and ACN for at least 1 h at 200
bars of inlet pressure. The final column sizes were length 30.5 cm and = 180 μm.

Separation of an alkylbenzenes mixture was a basic assessment of the obtained
columns and served to compare them to other cholesterol stationary phases
(capillary columns packed with amino-cholesterol and diamino-chlesterol silica
based stationary phases) as well as octadecyl methacrylate capillary monolithic
column. In Fig. 2 we can see, that the separations of alkylbenzenes using

d

3.1 Separations of small molecule compounds

c

3. Results and discussion

Fig. .1 Scheme of preparation of cholesterol monoliths and SEM micrographs of the obtained
capillary monolithic columns at different magnification: (A) 800×, (B) 1,500 , (C) 10,000 .
Compositions of monoliths: 12.5% CholMA, 27.5% TRIM, 55.5% isooctane, 4.5% toluene.

× ×
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cholesteryl methacylte column were characterized by the longest retention times
but also the lowest back pressure.

Cholesterol based stationary phases are known for their planar selectivity
which is connected with the shape of a cholesterol molecule. A typical test mixture
to assess the planar selectivity is that consisting of -terphenyl and triphenylene.
Fig. 3 demonstrates the isocratic elution of -terphenyl/triphenylene mixture
using 90/10 acetonitrile/water mobile phase. The silica-based amino-cholesterol
material showed the highest resolution which was connected with its highest
theroretical plate number and moderate selectivity ( = 3.41). The synthesized
monolithic column showed the lowest resolution, which can be attributed to its
poorer efficiency (broader -terphenyl and triphenylene peaks), but the selec-
tivity it provided was the highest ( = 3.97) in comparison with amino-Chol
( = 3.41) and diamino-Chol ( = 2.85). Additionally, octadecyl monolithic
columns was not able separate this mixture.

Separations of alkylbenzenes is generally the first method to verify the efficiency
of the column. However, the separation of large-molecular compounds would give
better information regarding the resolution and efficiency of the column. In this
case very good examples is separation of steroid hormones. In Fig. 4A we

o

o

o

3.2 Separations of large molecules compounds

α

α
α α

Fig. 2. The isocratic separations of alkylbenzenes on different stationary phases: (A) monolithic
column CholMA/TRIM, (B) octadecyl monolithic column, (C) packed amino-cholesterol capillary
column, and (D) packed diamino-cholesterol capillary column. Conditions: 30.5 cm × 180 μm i.d.,
mobile phase 80/20 ACN/H O; = 5 μl/min and = 1.5 μl/min, detection at 205 nm. Peaks resolved:
thiourea, benzene, toluene, ethylbenzene, propylbenzene and butylbenzene in order of elution.

2 F F
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Fig. 3. The isocratic separations of -terphenyl and triphenylene mixture (in order of elution) on
different stationary phases: (A) monolithic column CholMA/TRIM, (B) octadecyl monolithic
column, (C) packed amino-cholesterol capillary column, and (D) packed diamino-cholesterol
capillary column. Conditions: 30.5 cm × 180 μm i.d., mobile phase 90/10 ACN/H O; = 5 μl/min and
1.5 μl/min, detection at 254 nm.

o

F2

Fig. 4.

(A) Gradient separations of steroid hormones mixture. Conditions: 30.5 cm × 180 μm i.d. monolithic
column; mobile phase component A was water, and B was acetonitrile; 60/40% – 2 min, and
30/70% from 2 to 10 minutes; = °

was acetonitrile; 50/50%; = ° (from
[19]).

F

F

5 μl/min; detection at 222 nm; temperature 80 C. Peak
identifications: estriol, testosterone, estrone,

5 μl/min; detection at 222 nm; temperature 80 C

β-estradiol, progesterone in order of elution.
(B) Isocratic separations of α- and β-estradiol. Conditions: mobile phase component A was water,

and B
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presented relatively fast separation of steroid hormones during 9 minutes. For
this purpose, we used the gradient elution and performed the ° .
The elevated temperature allowed to reduce retention times and improved sym-
metry of the peaks. Worthy of note is fact that, this monolithic cholesterol column
provided significant stereoselectivity in the separation of
(Fig. 4B).

The Fig. 5, shows the chromatograms of separations of the 16 PAHs mixture
using gradient elution of water (A) and acetonitriel (B) as a mobile phase. The
flow rate was 5 μl/min during the first 4 minutes, then it was increased to
10 μl/min, while the mobile phase composition gradient was 75–100% B in
3 min. As it can be seen a successful separation of 13 PAHs was complete in less
than 7 minutes. Taking into account the relatively low surface area of the
monoliths (SBET=77.60 m /g, see our previous work [18]) this was a really good
result.

separation at 80 C

α- and β-estradiol

2

Fig. 5. Gradient separations of 16 polycyclic aromatic hydrocarbons mixture. Conditions: 30.5 cm ×
180 μm i.d. monolithic column; mobile phase component A was water, and B was acetonitrile; linear
A–B gradient from 75% to 100% B in 3 min, and then isocratic elution with 100% B; flow rate was
5 μl/min in the first 4 min, and then was 10 μl/min; on-column detection

°
-

[3]fluoranthene, (12) benzo[1]fluoranthene, (13) benzo[a]pyrene, (14) diben-
zo[ ]anthracene, (15) indeno[1,2,3- ]pyrene, (16) benzo[ ]perylene (from [19]).

at 220 nm; temperature
100 C. Peak identifications: (1) naphthalene, (2) acenaphtylene, (3) acenaphtene, (4) fluorene,
(5) phenanthrene, (6) anthracene, (7) fluoranthene, (8) pyrene, (9) benzo[a]anthracene, (10) chry
sene, (11) benzo

a,h c,d g,h,i
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4. Conclusions

New monolithic cholesterol-based stationary phase was synthesized using
one-step thermal-initiated polymerization. These monolithic columns were
successfully used for the separation of the low-molecular weight compounds
(alkylbenzenes) and high-molecular weight compounds such as steroid
hormones and PAHs. Additionally, this material showed good selectivity in
separation of α- and β-estradiol.
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1. Introduction

In recent decades, detection of DNA damage has become one of the most impor-
tant DNA research fields because of the critical role of DNA in mutagenesis,
carcinogenesis, and aging. It is well known that DNA in biological systems can be
damaged by variety of physical or chemical agents occurring in the environment,
generated in the organisms as by-products of metabolism, or used as therapeutics.
Therefore, detection of damage to DNA is of great importance for human health
and its protection [1, 2]. Reactive oxygen species, such as superoxide radicals,
hydroxyl radicals, hydrogen peroxide, and so on, can be generated in organisms
via normal aerobic metabolism [3]. When the radical production is higher than the
cellular antioxidant defense (oxidation stress), some radicals can cause cellular
death, aging, and many diseases; such as cardiovascular disease, cancer, hepatitis,
Parkinson’s and Alzheimer s diseases [3, 4]. DNA biosensors, especially the
electrochemical ones, represent sensitive, simple, rapid, and inexpensive tools to
detect DNA damage [1, 2] and can thus be very useful in elucidation of the

’
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for detection of DNA damage induced

by hydroxyl radicals
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Abstract

A novel simple electrochemical DNA biosensor based on a glassy carbon
electrode was prepared by adsorbing low molecular weight double-stranded
DNA from salmon sperm onto the electrode surface as a biorecognition layer.
The biosensor was used for detection of DNA damage by hydroxyl radicals.
Hydroxyl radicals are well-known reactive oxygen species inducing the oxi-
dative stress in DNA. They can attack all the molecules, including DNA, and play
a major role in the DNA oxidative damage. They were generated for our pur-
poses electrochemically on the surface of a boron-doped diamond film
electrode. A complex characterization of the specific damaging event was then
obtained using a combination of several electrochemical detection techniques:
cyclic voltammetry, square-wave voltammetry, and electrochemical impe-
dance spectroscopy.

Keywords

DNA biosensor
DNA damage
electrochemistry
glassy carbon electrode
hydroxyl radicals



mechanism by which DNA is oxidatively damaged by various reactive oxygen
species.

Different concentrations of low molecular weight salmon sperm double-stranded
DNA (dsDNA; Sigma-Aldrich) were prepared by its dissolving in 0.1 mol L
phosphate buffer of pH = 6.7. The cyclic voltammetry and electrochemical impe
dance spectroscopy measurements were performed in 1×10 mol L
[Fe(CN) ] (Fe /Fe ) in phosphate buffer, while the square-wave voltammetry
measurements were carried out in pure phosphate buffer.

Electrochemical measurements were carried out in a three-electrode system
a platinum wire auxiliary electrode, a silver/silver chloride reference electrode
(3 mol L KCl), and glassy carbon electrode (GCE) or DNA biosensor based on
a glassy carbon electrode (dsDNA/GCE) as a working electrode, and they were
performed with a μAutolab III potentiostat.

The dsDNA/GCE was prepared by adsorption of salmon sperm dsDNA on the
polished (using the aluminum oxide suspense) glassy carbon electrode. For its
preparation, optimum parameters of the dsDNA adsorption were searched: a con-
centration of dsDNA, an adsorption potential ( ), and an adsorption time ( ).
Optimum adsorption parameters were found to be: 0.1 mg mL of dsDNA in
phosphate buffer, 0.5 V, 30 s for square-wave voltammetry [2] and
10 mg mL of dsDNA in phosphate buffer, 0.5 V, 180 s for cyclic
voltammetry and electrochemical impedance spectroscopy.

The boron-doped diamond film electrode (BDDE) for generation of hydroxyl
radicals was prepared by chemical vapor deposition, using a CH /H /B H source
gas mixture consisting of 1% of carbon with 10 ppm of B H added for boron
doping. The system pressure was 18.67 kPa, and the substrate temperature was
800 °C.

Two detection modes were employed to detect DNA damage induced by hydroxyl
radicals: (i) direct electrochemical method based on the oxidation of DNA bases
(utilizing the square-wave voltammetry technique) [2] and (ii) indirect electro-
chemical method, using the DNA-specific redox active indicator Fe /Fe (utilizing
the cyclic voltammetry and electrochemical impedance spectroscopy techni-
ques) [5]. Square-wave voltammetry was carried out at the dsDNA/GCE biosensor

2. Experimental

3. Results and discussion

2.1 Reagents and chemicals

2.2 Instrumentation
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in phosphate buffer to monitor the changes in the intensity of the oxidation signals
of guanine and adenine moieties before and after interaction with hydroxyl
radicals. Cyclic voltammetry and electrochemical impedance spectroscopy were
measured in in phosphate buffer to monitor the changes in the height of
the anodic and cathodic peaks of and the changes in the charge transfer
resistance. Hydroxyl radicals were generated electrochemically on the surface of
the BDDE. The electrochemical oxidation process is described by following
equation [6]:

BDDE + H O → BDDE(∙OH) + H + (1)

Hydroxyl radicals were generated by the galvanostatic electrolysis on the BDDE in
phosphate buffer with the dsDNA/GCE biosensor placed close to the BDDE
surface (3 mm). The applied current density value plays a significant role in the
electrolytic process. Therefore, the various current densities (5–50 mA cm ) were
examined. The changes on the dsDNA/GCE biosensor surface with increasing
incubation time were monitored in pure phosphate buffer by square-wave
voltammetry and in in phosphate buffer by cyclic voltammetry and
electrochemical impedance spectroscopy.

The square-wave voltammetry peaks of both guanosine and adenosine decrea-
sed in time, when the dsDNA/GCE biosensor was immersed into the solution
containing hydroxyl radicals. At cyclic voltammetry, the increase of the anodic and
cathodic peaks of was observed together with the decrease of the charge
transfer resistance value at electrochemical impedance spectroscopy, when
damaged dsDNA released from the GCE surface. Initially native dsDNA was
attacked and oxidized by hydroxyl radicals, which resulted in the release of nucleic
acid bases and an interruption of the phosphodiester bonds [6]. In some cases,
especially in the first stages of hydroxyl radical production, damaged dsDNA
(nucleic acid fragments) formed a more compact film onto the GCE surface than
the originally adsorbed dsDNA, and thus the electrode surface was more blocked
for .

A simple DNA biosensor was developed for complex electrochemical detection of
damage to DNA by hydroxyl radicals whose generation was performed on the
surface of the BDDE. Hydroxyl radicals interact with DNA bases and induce their
damage. These radicals can attack and oxidize the DNA bases and deoxyribose,
which leads to the formation of dsDNA strand breaks. Such structural changes can
be successfully detected using the introduced dsDNA/GCE biosensor. Other
alternatives to generate hydroxyl radicals are represented, e.g., by Fenton s
reaction [7] or by electrolysis using lead dioxide film electrodes [8]. Both these
options are planned to be involved in our forthcoming investigations, too.
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1. Introduction

Vernix caseosa is a multicomponent mixture, which is consisted of water (80 %)
and proteins and lipids roughly in the same proportion (10 % each). This unique
human material starts to be formed in the third trimester of a pregnancy and is
present on the skin of newborns after a delivery [1, 2]. Vernix caseosa has
a number of not fully understood functions. It works mainly to protect a fetus from
the maceration in the amniotic fluid, protects a newborn during the birth from
bacteria that populate the genital area of a woman and moisturizes the skin of the
fetus [2]. It was found that vernix caseosa has a potential to be used in medicine
because of its healing and antibacterial effects [3, 4].

The lipids of vernix caseosa are classified as barrier lipids (cholesterol, free
fatty acids, phospholipids, ceramides) and nonpolar lipids such as sterol esters,
wax esters and triacylglycerols which are originated from fetal sebaceous glands.
These nonpolar lipids are also the main components of vernix caseosa lipids [5, 6].

Analysis of low abundant lipids in vernix

caseosa using chromatographic methods

and mass spectrometry
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Abstract

The aim of this work is to develop a separation method for characterization of
unknown lipids in vernix caseosa. We focused on very low abundant lipids
which have not been previously described in vernix caseosa. The total lipid
extract was fractionated using low pressure normal phase liquid chromato-
graphy to obtain sub-fractions. The sub-fractions were further separated in
high performance liquid chromatography mode to isolate classes of lipids. This
procedure enabled us to characterise lipid classes by mass spectrometry and
identify one of the lipid class as acyl-ceramides with non-hydroxylated fatty
acids.
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vernix caseosa



Ceramides are the largest component of polar lipids in vernix caseosa. Nine
types of ceramides have been identified so far using high performance thin layer
chromatography in vernix caseosa and they were characterized by nuclear
magnetic resonance and gas chromatography after their conversion to fatty acid
methyl esters [7]. The molecular species of intact ceramides of vernix caseosa
have not been described in detail yet. Rabionet et al. in 2003 published a presence
1-O-acylceramides with non-hydroxylated fatty acids in stratum corneum [8].
However, this type of ceramides has not been described in vernix caseosa, where
other similar types of ceramides ( -OH-hydroxyacid/dihydrosphingosine cer-
amides) exist [7].

The present work describes a multidimensional separation of low abundant
lipids. We hypothesise on the basis of the chromatographic behaviour, elemental
formulae and composition of fatty acids after transesterification reaction that one
of the investigated low abundant lipid sub-fraction corresponds to acyl-ceramides
with non-hydroxylated fatty acids.

Mass spectrometry grade methanol, hexane and propan-2-ol (Sigma-Aldrich)
were used as received. Diethyl ether, chloroform (both from Penta, Czech Repu-
blic) and acetyl chloride (Fluka) were distilled in glass from analytical-grade
solvents. Sodium methoxide was purchased from Sigma-Aldrich and silver
carbonate was from Lachema (Brno, Czech Republic). Silica gel (10–

content 10.3 %) was obtained from Merck and was activated according to
Pitra et al. [9].

Healthy male and female subjects delivered at full term were included in this
study. Vernix caseosa samples (1–2 g) were collected immediately after the deli-
very into glass vials and stored at 25 °C. The exact location of sampling (back,
buttocks, groins, legs, arms) varied depending on the vernix caseosa layer
thickness. Blood contaminated samples were discarded. The samples were
collected with written informed parental consent and the work was approved by
the Ethics Committee of the General University Hospital, Prague (910/09 S-IV);
the study was performed according to the Declaration of Helsinki.

Lipids from vernix caseosa were extracted by chloroform:methanol (2:1, v/v).
A large-scale separation of lipids was carried out using classical low pressure
column chromatography with 4.7 grams of lipids isolated from vernix caseosa.

α

100 μm,
water

2. Experimental

2.1 Reagents and chemicals

2.2 Sample collecting

2.3 Lipid extraction and separation of lipid classes

–
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A silica gel column (length of glass column 41 cm, diam. 4.48 cm; particle size:
60–120 μm) with mobile phase hexane/diethyl ether gradient (from 1:99 to
50:50, v/v) was used to separate total lipid extract into fractions. The experiments
were performed using LTQ Orbitrap XL hybrid FT mass spectrometer equipped
with Ion Max source with ESI and APCI probe installed (Thermo Fisher Scientific)
and coupled to HPLC, which was consisted of a Rheos 2200 quaternary gradient
pump (Flux Instruments, Reinach, Schwitzerland), PAL HTS autosampler (CTC
Analytics, Zwingen, Schwitzerland); the system was controlled by Xcalibur
software (Thermo Fisher Scientific). The direct injection into ESI source was used
for 30 fractions. The parameters of ESI source: the heated capillary temperature
was set to 275 °C. Nitrogen served both as the sheath gas at a flow rate of 35 arbit-
rary units. The MS spectra of the positively charged ions were recorded from 150
to 2000 The sample of the fraction no. 23 was separated using Spherisorb
column (250 + 250×4.6 mm, particle size: 5 μm; Waters) at 30 °C. The gradient
program, phase A (hexane), B (hexane/propan-2-ol, 96:4, v/v): 0 min: 80% A/-
20% B; 30 min: 71% A/29% B; 60 min: 53%A/47%B. The mobile phase flow rate
was 1.0 mL/min and the injected volume of samples was 10 μl in each chromato-
graphy. The APCI vaporiser and heated capillary temperatures were set to 270 °C
and 170 °C, respectively. Nitrogen served both as the sheath and auxiliary gas at a
flow rate of 15 and 17 arbitrary units, respectively. The MS spectra of the positively
charged ions were recorded from 250 to 2000 .

Lipids were transesterified using methods described by Stránský et al. [10] (for
ester-linked fatty acids) and Oku et al. [7] (for amide-linked fatty acids). Fatty acid
methyl esters were analyzed using an Agilent 6890N gas chromatograph coupled
to a 5975B MSD quadrupole mass spectrometer and equipped with a fused silica
capillary column Rxi-5ms (Restek). The carrier gas was helium at 1.0 mL/min. The
injector was held at 230 °C and operated with a split ration 10:1; 2 L of samples
solution (hexan or chloroform:methanol (2:3, v/v)) was injected. The tempe-
rature program: 140 °C (0 min) to 330 °C (47 min); total run time was 47 min.
70 eV EI mass spectra were recorded in the mass range of 25–800 u; 4 min solvent
delay was used. Temperatures of the transfer line, ion source and quadrupole
were 280 °C, 230 °C and 150 °C, respectively. The chromatographic peaks repre-
senting fatty acid methyl esters were identified based on the presence of 74
and 87 in their mass spectra.

The total lipid extract was separated into 30 fractions (mainly nonpolar lipids) by
low pressure column chromatography. Due to the high complexity of the
investigated material most of the fractions were mixtures as evident from TLC and

m/z.

m/z

2.4 Transesterification and GC/MS of fatty acid methyl esters

m/z

m/z

μ

3. Results and discussion
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Fig. .1 NP-HPLC/MS base peak chromatogram of the fraction no. 23.

Fig. 2. APCI-MS/MS spectrum of dehydrated protonated molecule of an acyl-ceramide ( =
= 943.93 Da).

Mmi



MS with direct infusion into the ESI source. In this work we focused on one
particular fraction (F 23) containing several unknown lipid classes. In the next
step we optimized high performance liquid chromatography method for sepa-
ration of all lipid classes present in this fraction. The base peak chromatogram
recorded under optimized chromatographic conditions is shown in Fig. 1; a good
separation of individual lipid classes was achieved. The lipids were characterized
using high resolution/accurate mass measurement mass spectrometry. General
elemental formulas for lipid classes were obtained in this way. We detected lipids
with three and four oxygens, sterols, and lipids with one nitrogen atom and four
oxygens. We used this chromatographic system for a semi-preparative isolation of
individual lipid classes and collected a sub-fraction of nitrogen-containing lipids.
We hypothesized that these lipids could be structurally related to ceramides. The
identification was supported by experiments based on transesterification
reaction carried out in two different ways to cleave either ester-linked fatty acids
or both ester and amide-linked fatty acids. Mainly saturated fatty acid methyl
esters were observed in GC/MS data – for both procedures. An ESI-MS analysis of
transesterifid samples made it possible to characterize remaining parts of the
lipid molecules. We also employed tandem mass spectrometry and fragmented
intact lipids (dehydrated protonated molecule [M+H–H O] , which was the
spectrum base peak); the APCI-MS/MS spectrum is shown in Fig. 2. The ions at

558.56, 586.59, 614.62 and 642.66 were rationalized as products of neutral
losses of fatty acids (FA) from the parent ion, thus marked as [M+H H O FA ] ,
[M+H H O FA ] , [M+H H O FA ] and [M+H H O FA ] , respectively. The
other important peak 264.27 was identified as dehydrated sphingosine. This
fragmentised spectrum indicated presence of multiple isobaric species. These
spectra also supported the hypothesis of acyl-ceramides with non-hydroxylated
fatty acids.

Vernix caseosa is a biological material which is known for its high complexity.
Therefore, the identification of new and low abundant components requires more
separation steps. High resolution mass spectrometry makes it possible to
determine elemental composition of the lipids in each chromatographic peak. The
transesterification reaction helps to conclude the lipid structure because it brings
detailed view of the composition of products of hydrolysis. The aforementioned
method of analysis was used to discover and identify acyl-ceramides with non-
hydroxylated fatty acids in vernix caseosa.
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1. Introduction

Inherited metabolic diseases is the term applied to genetic disorders caused by
loss of function of an enzyme or another specific protein. Enzyme activity may
be low or lacking for variety of reasons. Some inherited metabolic diseases
produce relatively unimportant physical features or skeletal abnormalities, but
others produce serious diseases and even death [1].

Galactosemia was first “discovered” in 1908, when Von Ruess reported on
a breast-fed infant with failure to thrive, enlargement of the liver and spleen, and
“galactosuria” in publication entitled . This infant ceased
to excrete galactose through urine when milk products were removed from the
diet. The toxic syndrome, galactosemia, is associated with an intolerance to
dietary galactose as a result of certain enzymatic deficiencies [2].

Increased galactitol concentration is a common feature in galactokinase
deficiency and has been implicated in galactosemic cataract formation. As
conversion of galactose to galactitol by aldose reductase represents a dead-end
metabolic pathway, galactitol removal is confined to renal excretion [2]. Classical
galactosemia, galactose-1-phosphate uridyltransferase deficiency, an autosomal
recessive disorder occurs in the population with an incidence of approximately
1:40–60,000. Galactose-1-phosphate, a metabolite derived from ingestion of
galactose, is considered to be toxic in several tissues particularly in the liver, brain

Sugar Excretion in Infancy
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in urine by GC-MS/MS
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Abstract

A simple method for the determination of galactose and galactitol in urine
samples using trimethylsilylation was developed. The developed method
enables the analysis of urine samples without any other pretreatment except
for derivatization. Urine samples of healthy controls and individuals with
galactosemia were analysed. The limits of detection by GC-PCI-MS/MS were
2.68 mg L for galactose and 2.70 mg L for galactitol.–1 –1
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and renal tubules [3]. Another type of galactosemia is a rare autosomal recessive
disorder caused by UDP-galactose-4-epimerase deficiency.

Gas chromatography-mass spectrometry is the first choice approach for the
measurement of monosaccharides [4, 5], as well as other small molecule
metabolites in clinical settings [6]. However, a potential problem with GC-MS is
the need of derivatization for polar and non-volatile analytes. The good volatility
and stability characteristics of the derivatives formed make trimethylsilyl ethers
the most popular derivatives applied to GC analysis of saccharides and
polyalcohols. Several works have been published about the analysis of
carbohydrates and polyalcohols in urine samples by different derivatization
methods and their subsequent GC-MS analysis [7, 8–11].

The aim of this work was the development of a new, modified method enabling
the simultaneous derivatization of galactose and galactitol in urine samples
without any sample pretreatment before derivatization and their subsequent
analysis by GC-MS/MS with positive chemical ionisation. The newly developed
method was used for the analysis of the selected compounds in urine samples of
healthy individuals and patients with galactosemia.

BSTFA, galactose and galactitol were purchased from Sigma-Aldrich. Trifluoro-
acetic acid was purchased from Fluorochem Ltd. (Hadfield, UK). Acetonitrile and
HMDS were bought from Merck. Urine samples were obtained from University
Children’s Hospital in Bratislava.

The GC-MS/MS analyses were carried out with a Trace GC Ultra gas chromato-
graph equipped with a splitsplitless injector, a TriPlus autosampler and a TSQ
Quantum XLS mass spectrometer (Thermo Fisher). One μL of the sample was
injected into the injector operating in splitless mode (2 min). The temperatures of
the injector and the MS-transfer line were 280 °C and 260 °C, respectively. Com-
pounds were separated on a 30 m × 0.25 mm (i.d.) × 0.25 μm DB-5MS capillary
column (Agilent Technologies, CA, USA) operating at constant helium flow of
1.5 mL min . The column temperature was initially set to 80 °C, held for 1 min,
which increased at a rate of 20 °C min to 210 °C and then increased to 230 °C at
a rate of 2 °C min .

The transfer line to the ion source was held at 260 °C. The reagent gas used for
positive chemical ionisation (PCI) was methane, introduced at a flow rate of
2.0 mL min . The ion source temperature was 200 °C, the collision gas was argon
with pressure of 1.5 Pa in the collision chamber. The main parameters related to

2. Experimental

2.1 Reagents and chemicals

2.2 Instrumentation
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the mass spectrometer setup were ion source temperature 200 °C, electron
energy 70 eV, emission current 50 μA. MS/MS detection was performed using
SRM transitions experimentally optimized for the selected analytes. The used
SRM transitions were 361→169 for galactose with collision energyset to 15 V
and 345→255 galactitol with 15 V with a scan time of
50 msec each.

Calibration standards of the analytes were prepared in synthetic urine according
to Haglock-Adler et al. [12]. The limits of detection and other statistical para-
meters were calculated according to the EURACHEM guidelines [13]. The method
was found to be linear in the concentration range 0.25–10,000 mg L of the
analytes. Limits of detection were 2.68 for galactose and 2.70 for
galactitol.

For the derivatization of the analytes a two-step silylation method previously
developed by Podolec et al. [14] was used. The use of strong silylation agents like
BSTFA leads to the formation of multiple derivatives of easily silylable com-
pounds, like sugars and sugar alcohols [15]. By the developed derivatization
method only the expected derivatives of the analytes were formed and the sily-
lation products otherwise susceptible to hydrolysis were stable in the presence of
the aqueous matrix after derivatization. The developed method is therefore
suitable for the determination of polar compounds in urine samples without the
need of other sample pretreatment than derivatization.

Positive chemical ionisation is a soft ionisation method and therefore the
fragmentation is not so extensive, higher fragments containing structural
information are more abundant when compared to the most often used ionisation
method EI. Tandem mass spectrometric detection is more selective than the
usually preferred MS detection and thus makes possible the selective
identification of analytes in a complex matrix without sample purification using
the specific SRM transitions characteristic for the given compound. Fig. 1 shows
a chromatogram of separation of the selected analytes using the developed
GC-PCI-MS/MS method after sample derivatization. As can be seen from the
chromatogram no sample impurities or other polar compounds present in the
sample interfered with the analysis.

Real urine samples were obtained from the University Children’s Hospital
Bratislava. The samples were collected from four children with galactosemia at
the age under one year, five galactosemic patients older than one year and fifteen
healthy subjects in each age group. The concentration of galactose and galactitol in
the samples was expressed both in and in μmol mmol creatinine. The
values of creatinine concentration were obtained from the hospital laboratory.
The concentration values of the analytes in selected urine samples (S1 S6) from
galactosemic patients were listed in Table 1. As can be seen from the Table, the

–

–1 –1

–1 –1
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mg L mg L

mg L

set to
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Fig. .1 GC-MS/MS chromatogram of trimethylsilyl derivatives of a urine sample from a galactosemic
neonate. Peak identification in the reconstructed chromatogram: ,

, galactitol
.

α-D-galactopyranoside
β-D-galactopyranoside , α-D-glucopyranoside , β-D-glucopyranoside

(Gal )
(Gal ) (Galtol)

1

2 1

2

(Glc )
(Glc )
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the concentration of galactose and galactitol in urine was age-dependent, so the
age of the patients should always be taken into consideration.

The developed method enables derivatization of galactose and galactitol directly
in urine samples without the need of sample purification or other pretreatment.
The GC-PCI-MS/MS method is selective with no interferences observed and with
limits of detection sufficient for clinical analyses. The method is suitable for the
detection of the selected analytes in urine samples and could be used for the dia-
gnosis and lifelong follow-up of patients suffering from inherited disorders of
galactose metabolism.

4. Conclusions
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1. Introduction

Fruit spirits are drinks produced exclusively by the alcoholic fermentation and
distillation of fleshy fruit or must of such fruit, berries, or vegetables, with or
without stones [1]. Freshly distilled spirits are subjected to a maturation process
for periods of time that depend on traditional practices. They are usually aged in
glass or earthenware containers, and hence are colorless. Well-known exception
is Calvados, apple spirit aged in oak barrels, having amber color. Sometimes,
distilled spirits made from other fruits, such as apricot, pear, and plum, are aged in
wooden barrels and hence are colored [2, 3]. Another way of presenting fruit
spirits is when the bottle contains a whole fruit inside.

Regarding a chemical composition, the major constituents of each fruit spirit
are ethanol and water. Fresh distillates, which have not been aged in wood, are
characterized by the presence of minor volatile compounds such as alcohols,
aldehydes, esters, acids, volatile phenols, etc. Aging in wooden casks alters the
chemical composition of fruit spirits, due to extraction of wood tannins, and
chemical reactions such as hydrolysis of lignin and subsequent oxidation of
benzoic and cinnamic aldehydes to aromatic acids [4–6]. A number of studies have
been carried out to determine the volatile compounds composition of freshly

Fluorescence spectroscopy for rapid

classification of fruit spirits
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Abstract

Fluorescence spectroscopy provides rapid profiling of food products and
could become an effective tool for authentication when coupled to chemo-
metrics. This study developed a simple method for classifying commercial fruit
(apple, apricot, pear, and plum) spirits using synchronous fluorescence
spectroscopy. Spectra were collected in the excitation wavelength range from
200 to 500 nm, with constant wavelength differences from 10 to 100 nm, and
those obtained at wavelength differences 10, 90, and 100 nm were employed in
multivariate analysis. Of samples, 100, 90, and 90% were properly classified by
applying the linear discriminate analysis to the first principal components
of the principal component analysis performed on the synchronous fluores-
cence spectra at wavelength differences 10, 90, and 100 nm, respectively. One
hundred percent of samples were properly classified by applying the general
discriminate analysis to spectra regardless of wavelength difference used.
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distilled or aged fruit spirits. Gas chromatography-mass spectrometry has
revealed the presence of 167, 28, 55, and 107 volatile constituents in Calvados
[7, 8], apricot [9], pear [10], and plum [11] spirits, respectively. The previous HPLC
study has showed that phenolic acids could be present in wooden aged fruit spirits
[3, 6, 12].

Various methods have been used to discriminate alcoholic beverages. The
determination of relative levels of about 200 components in GC-MS analysis
followed by a partial least squares discriminant analysis (PLS-DA) was suitable for
distinguishing French-labeled brandies (Mirabelle, Calvados, Cognac, and Arma-
gnac) [7, 8]. We have recently applied excitation-emission matrix and synchro-
nous fluorescence spectroscopy for distinguishing between juniper-flavored
spirit drinks. The best results were obtained with the principal component
analysis-linear discriminant analysis (PCA-LDA) based on synchronous fluores-
cence spectra (SFS) [13]. The present study continues our effort to extend the
possibility of application of fluorescence spectroscopy in classification of alco-
holic beverages. Fluorescence spectra were used for characterization of commer-
cially available apple, apricot, pear, and plum spirits. The aim of the study was to
distinguish between four types of spirits by applying DA to the SFS of spirits.

A total of 63 fruit spirits, representing four different fruits were analyzed: 15 apple
spirits from four producers, 18 apricot spirits from four producers, 18 pear spirits
from three producers and 12 plum spirits from four producers. 40 samples (eight
apple, 12 apricot, 12 pear and eight plum spirits) were selected randomly for the
calibration set, and 20 samples (four apple, six apricot, six pear and four plum
spirits) for the prediction set. The alcoholic degree ranged within 35–42%
ethanol.

Fluorescence spectra were obtained using the Perkin-Elmer LS 50 Luminescence
Spectrometer equipped with the Xenon lamp and quartz cell (10×10×45 mm).
Excitation and emission slits were both set at 5.0 nm. The scanning speed was set
at 200 nm min .

Synchronous fluorescence spectra were collected by simultaneously scanning
of the excitation and emission monochromators in the

0

.
The spectrometer was interfaced to a computer supplied with FL Data Mana-

ger Software (Perkin-Elmer) for spectral acquisition and data processing.

2. Experimental

2.1 Samples

2.2 Fluorescence spectroscopy

–1

ex

ex

λ range from 200 to
60 nm (step 1 nm), with constant wavelength differences Δλ from 10 to 100 nm
(step 10 nm) between them. Fluorescence intensities were plotted as a function of
the λ
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2.3 Data Analysis

3.1 Fluorescence spectra

PCA was used to visualize the data trends. LDA and general DA (GDA) were applied
as supervised learning method to find classification rules [14].

PCA is a method that aims to recognize patterns in multivariate data sets or to
reduce the dimensionality of a data set by forming linear combinations of original
variables called principal components (PCs). Classification of objects using PCA is
done by constructing two- or three-dimensional plots, using PCs chosen by the
researcher. The number of principal components was based on the eigenvalue
criterion and the total variance explained [15].

LDA is concerned with determining the so-called discriminant functions as
linear combinations of the descriptors which best separate the classes according
to minimization of the ratio of within class and between-class sum of squares. LDA
was based on data sets: the first PCs of the PCA performed on the SFS of bulk fruit
spirits; PCA was used as tool for dataset size and co-linearity reduction [16]. The
GDA approach was applied when the LDA did not produce a good classification.
GDA was based on data sets: the SFS of bulk fruit spirits.

Data were exported to ASCII and processed with the Microsoft Office Excel
2010 software and STATISTICA version 7.0 (StatSoft, USA). Contour maps of
fluorescence spectra were plotted using Windows-based software OriginPro 7.5
(OriginLab, USA).

Total SFS of different types of bulk fruit spirits are presented in the form of contour
maps. SFS of bulk colourless spirits showed the presence of two main excitation
regions, namely, at about 250 and 300 nm, and contour maps spread in the
excitation wavelength range 210–420 nm. SFS of bulk coloured spirits showed
excitation maxima at longer wavelengths (260 270 nm and 320 350 nm), while
contour maps spread in the excitation wavelength range 220 515 nm. The shape
and intensity of SFS depended on the value. The representative SFS for = 10,
90 and 100 nm, which were employed in all subsequent calculations. In general,
the spectra extended from 200 to 500 nm. Regarding = 10 nm, SFS of apple
spirits showed two bands in the wavelengths 275 422 nm with maxima at 302
and 395 nm. The first maximum was also observed for colourless apricot and
plum spirits, while the second maximum for apricot spirit only. SFS of colourless
pear spirits showed two maxima at shorter wavelengths, namely 291 and 323 nm.
SFS of coloured spirits showed bands at various wavelengths. Thus survey
information for different types of bulk fruit spirits is given in Table 1. In general,
spectral features and fluorescence intensity values of all drinks are typical of
drinks of similar origin and nature.

3. Results and discussion

– –
–

–

Δλ Δλ

Δλ
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3.2 PCA, LDA, GDA

The results of PCA based on the synchronous fluorescence data are shown in
Table 2. Applying PCA to SFS recorded at = 10 nm, the first two PCs explained
the 85.2% of the total variance. PC1 explained 64.3% of the total variance, and the
highest loadings were observed around 260 and 350 nm. PC2 explained 20.9% of
the total variance. According to the loading, = 305 nm was the most important
variable in the PC2. The first two PCs lead to a good classification of group of pear
spirits containing a whole fruit from group of others, based mainly on PC1. A group
of colourless plum spirits was separated from group of others, based mainly on
PC2. In general, the PCA score plot for the first two PCs indicates that it was not
possible to discriminate between the different fruit spirits regardless of used.

LDA of the PC scores was used to improve discrimination between groups that
were difficult to separate using PCA. LDA was carried out using the score values of
the first PCs that gave the highest level of classification in the LDA. The inclusion of
more PCs (from three up to six or five) when LDA models were developed
improved the classification results. Regarding SFS recorded at = 10 nm, the
discrimination of the fruit spirits required six PCs (99.4% explained variation,
Table 2) to achieve 100% of correct classification (Table 3) in both the calibration
set and the prediction set. Performing LDA on five PCs of SFS obtained at =
= 90 nm or = 100 nm the results become worst (total 90% of correct
classification). Regarding = 90 nm, 100% correct classification was observed
for apple, apricot and plum spirit samples (Table 3), while only 67% of pear spirit
samples were properly classified. A group of coloured pear spirits was classified
as belonging to plum group. Regarding = 100 nm, a group of colourless pear
spirits was classified as apricot spirits.

Δλ

λ

λ

λ
λ

λ

λ

ex

ex

ex

ex

ex

ex

Sample Set SFS = 10 nm SFS SFS

LDA-PCA GDA LDA-PCA GDA LDA-PCA GDA

Apple t 100 100 100 100 100 100
p 100 100 100 100 100 100

Apricot t 100 100 100 100 100 100
p 100 100 100 100 100 100

Pear t 100 100 67 100 67 100
p 100 100 67 100 67 100

Plum t 100 100 100 100 100 100
p 100 100 100 100 100 100

Total t 100 100 90 100 90 100

Δλ Δλ Δλ= 90 nm = 100 nm

Table 3

Percentage of correct classification of fruit spirits using LDA-PCA and GDA combined with synchro-
nous fluorescence spectroscopy (t = training set, p = prediction set).
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As the LDA classification based on PCs was unsatisfactory, with exception of
PCs of the PCA performed on the SFS at = 10 nm, we chose to discriminate the
samples with GDA based directly on the SFS ( = 10, 90 and 100 nm) in the range
of 200–500 nm with an interval of 5 nm. In this case 100% correct classification
was observed for apple, apricot, pear and plum spirit samples (Table 3).

This study proved that the combination of SFS with multivariate statistical
methods can be applied as a tool to classify commercially apple, apricot, pear, and
plum spirits. It was also observed that the classification rates varied according to
the classification method applied. Overall, LDA based on the first PCs did not
achieve high classification rates as compared with GDA. 100% of samples were
properly classified by applying the GDA to SFS regardless of wavelength difference
used [17].

λ
λ

ex

ex

4. Conclusions
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1. Introduction

Pesticide is a general term that includes a variety of chemical and biological
products used to kill or control living organisms such as rodents, insects, fungi and
plants. Even though pesticides play a significant role in agriculture, they belong to
the most important environmental pollutants being present in water, soil, the
atmosphere and agricultural products [1]. They have to be controlled due to their
high toxicity and their widespread use. The concern has increased as certain
pesticides and other synthetic chemicals may act as pseudo-hormones which
disrupt the normal function of the endocrine system in humans and wildlife. This
specific category of pollutants is known as endocrine disrupting chemicals or
endocrine disruptors [2]. The European Commission defines endocrine disruptor
as an exogenous substance or mixture that alters function(s) of the endocrine
system and consequently causes adverse health effects in an intact organism or its
progeny, or (sub)populations [3].

Cotton is one of the most important fibre and economic crops. It is planted in
approximately 70 tropical/subtropical and temperate countries and more than
1300 insect species have been reported as cotton pest worldwide. The primary
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Abstract

A new method using QuEChERS (quick, easy, cheap, effective, rugged and safe)
followed by gas chromatography-mass spectrometry was developed for the
simultaneous determination of 33 pesticide residues in cotton textile samples.
The target on pesticides which are suspected or confirmed endocrine
disruptors was given. Selection of extraction solvent and weight of sample
were tested. Good linearity, satisfactory recoveries and repeatability were
obtained. Limits of detection ranged between 0.02 and 14 kg and limits of
quantification between 0.06 and 47 kg . The proposed method was applied
to the analysis of real samples of T-shirts.
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approach to pest control is through the use of synthetic chemicals. More than
12 kg of pesticides per ha is required annually [4]. Pesticide residues in cotton
may pose a risk to human health by skin contact. Therefore, it is necessary to
develop a simple, rapid and sensitive method for their determination [5].

Pesticide standards were obtained from different sources with purity >95%
(Dr. Ehrensdorfer, Germany; Bayer, Germany; Cheminova, Denmark; Novartis,
Switzerland; Agrovita, Slovak Republic). The solution of each of 33 pesticides was
prepared in toluene at an approximate concentration of 1 g L . The stock solution
of 20 mg L for all pesticides was prepared in acetonitrile. Working standard
pesticide mixture solutions with lower concentrations were prepared in aceto
nitrile by dilution. Toluene and acetonitrile were high-purity-grade solvents for
pesticide residues analysis Suprasolv (Merck).

GC-MS measurements were performed on an Agilent 6890N GC system coupled to
an Agilent 5973N mass-selective detector (Agilent Technologies). The PTV was
operated in the solvent vent mode under temperature programmed conditions.
The flow through the split-valve was 50 mL min . Chromatographic separation
was performed using the following temperature program: 60 °C (hold 1.75 min),
60 °C min to 150°C, 30 °C min to 220 °C, 12 °C min to 250 °C, 30 °C min to
300 °C (hold 3 min). The total run time was 12.75 min. The injection volume was
2 μL. Helium with purity 5.0 (Linde) was used as a carrier gas in a constant flow
mode at 1.2 mL min . Narrow-bore chromatographic column CP-Sil 8 CB (Agilent
Technologies) with 5% diphenyl 95% dimethylsiloxane stationary phase 15 m ×
0.15 mm I.D. × 0.15 μm utilized was connected to a nonpolar deactivated pre
column (1 m × 0.32 mm I.D.; Supelco). The MS with EI mode (70 eV) was routinely
set in the SIM mode, and for each pesticide, three specific ions were selected and
sorted into groups. Dwell time was 10 ms. Retention times, target ions, qualifier
ions and start times of SIM groups are given in Table 1.

The selection of pesticides was performed utilizing the published information on
pesticides applied to cotton fields or found in soil and water near the cotton fields
[4–8]. Thirty-three pesticides belonging to different chemical classes (organo-
chlorines, organophosphates, triazines, dinitroanilines, pyretroides and carba-
mates) and varying physicochemical properties were selected to fulfil the

2. Experimental

3. Results and discussion

2.1 Reagents and chemicals

2.2 Instrumentation
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-
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Table 1

Retention times, target ions, qualifier ions and start times of SIM groups.

No. Pesticide Monitored ions SIM group start
min time min

1 Carbofuran 4.191 149 131 3.00
2 Trifluralin 5.465 264 307
3 Hexachlorobenzene 5.768 286 282 5.70
4 Dimethoate 5.873 93 164
5 Atrazine 5.917 215 202
6 Propazine 5.946 229 172
7 Diazinon 5.974 137 152
8 Lindane 6.002 183 109
9 Parahtion-methyl 6.522 125 211 6.30
10 Promethrin 6.602 184 226
11 Fenitrothion 6.740 125 260 6.70
12 Malathion 6.774 127 125
13 Chlorpyrifos 6.854 314 199
14 Aldrin 6.951 261 265
15 Parathion-ethyl 7.008 109 139
16 Dicofol 7.065 111 250
17 Pendimethalin 7.197 162 281 7.16
18 Oxychlordane 7.340 355 115
19 Heptachlor epoxide 7.345 355 351
20 Bromophos-ethyl 7.505 357 303
21 -DDE 7.591 248 318
22 Endosulfan-alpha 7.764 239 195 7.70
23 -DDE 7.951 318 316
24 Endrin 8.323 265 281 8.20
25 Endosulfan-beta 8.643 239 216
26 -DDT 8.454 237 165
27 -DDT 8.831 237 165 8.70
28 Endosulfan-sulphate 8.974 272 387
29 Bifenthrin 9.203 165 166
30 Methoxychlor 9.351 228 274
31 Lambda-Cyhalothrin 9.700 197 208 9.50
32 Cypermethrin 10.706 165 181
33 Deltamethrin 11.861 253 251

Qualifier target ions are marked in bold .
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multiresidual character of the analysis. All the selected pesticides are suspected or
confirmed endocrine disruptors.

Various weight of sample (1, 2, 3, 5, 10 g) was tested, while using 10 mL of extra-
ction solvent. The utilizable volume of extract (3 mL) was received using 1 g of
sample.

3.1 Selection of extraction parameters
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Next study was focussed on the selection of extraction solvent. acetonitrile,
ethyl acetate, hexane and the mixture of hexane:acetonitrile (1:1) were tested
comparing the recoveries (Fig 1). Acetonitrile was selected as an extraction agent.

To evaluate linearity, calibration curves were constructed. Matrix-matched stan-
dards were used to

kg . Linearity of calibration curves constructed from
absolute peak areas, expressed as , was >0.97 for all pesticides, except
metoxychlor and ´-DDT.

Instrument limits of detection and quantification were calculated by the MS
software from the signal-to-noise ratio measured at the lowest calibration level.
Signal-to-noise ratio values of 3 and 10 were used for the calculation of limits of
detection and limits of quantification, respectively. Limits of detections

– kg and limits of quantification
kg .

Trueness of the analytical method was evaluated in terms of recovery by
spiking blank cotton T-shirt. Recovery rates were evaluated at 1, 10, 5

kg concentration levels. Recoveries ranged from 85 to 107% with RSD
values ≤12.2%.

3.2 Method validation

R

p,p

compensate the matrix effects. Eight concentration levels
ranged from 0.1 to 250 μg

were in
the range of 0.02 14 μg were in the range of
0.06 47 μg

0 and
250 μg

–1

2

–1

–1

–1

–

Fig. .1 Pesticide recoveries comparison depending on the solvent choice (numbers of pesticides
correspond with numbers in Table 1).
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3.3 Real sample analysis

To demonstrate the applicability of the QuEChERS followed by GC-MS method the
analysis of cotton T-shirt real samples was performed. The real samples did not
contain the studied pesticides residues above the limits of detection.

Modified QuEChERS followed by GC-MS in EI mode was developed for
determination of ultra trace levels of endocrine disrupting pesticide residues in
cotton T-shirt matrices. It has provided high values of coefficient of determination
for calibration measurements of matrix-matched standards. Recovery rates and
further validation parameters at different concentration levels were determined.
The method was applied to analysis of pesticide residues in real samples with no
positive findings.

4. Conclusions
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1. Introduction

Present nuclear medicine frequently uses transition radiopharmaceuticals injec-
ted to patient’s body in form of metal radionuclide ion and organic ligand
complexes [1]. Primary and secondary tumors can be diagnosed by a suitable
radio imaging technique. Diagnostics methods compare changes in metabolism of
pathological lesion and surrounding tissue in a completely non-invasive way.
Detailed knowledge of the composition of complex forming reaction mixture,
namely the structure of final complexes and their degradation products and
kinetic aspects of transitions between individual complexes are important before
application to patient body.

rhenium isotopes ( Re
and Re) and complex forming ligand play important role in radiopharma-
ceutical medicine because of their similarity with already in medicine used
technetium analogues. Coordination compounds of Tc are well established in
nuclear diagnostics; among other radionuclides, there is considerable research
interest in Re and Re for applications in bone antitumor therapy. Both metals
possess almost identical chemical properties [2, 3]. They show in their com
pounds a wide variety of oxidation states ranging from (−I) to (+VII) and form both
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Abstract

Oxorhenium(V) complexes composed of rhenium isotopes and suitable
ligands gain increased interest in radiopharmaceutical medicine. Selected
rhenium complexes with 1,2,3-trihydroxybenzene as ligand were prepared by
a reaction of rhenium(+V) precursor (tetrabutylammonium tetrachlorooxo-
rhenate) with twofold molar excess of ligand in acetonitrile. The structure of
formed complexes and their degradation products were obtained by mass
spectrometry with electrospray ionization and else verified with nuclear
magnetic resonance and infrared spectroscopy. The kinetics of reactions
occurring in course of complex formation and subsequent degradation were
followed by electrospray mass spectrometry and UV/VIS spectrometry.

Keywords

kinetics aspects
mass spectrometry
rhenium
structural analysis
UV-Vis spectrometry



cationic and anionic species with strong oxidizing to mild reducing properties. As
other transition metals, they are able to create coordination complexes with
inorganic and organic ligands, the stability of whose depend on individual redox
states of central metal ion and coordinated ligands. For rhenium based radio
pharmaceuticals, defined reduction of perrhenate and its stabilization via suitable
complex formation still remain crucial breakthroughs waiting to be achieved.

There is a lack of exact analytical information describing individual chemical
reactions of rhenium precursor with a ligand and other components present in
reaction mixture. Also relevant data about stabilities various rhenium complexes
and their possible decomposition routes are missing. Several kinetics studies have
been reported as a support for the description of catalytic properties of transition
metal complexes. Ligand exchange of carbon monoxide and substitution reactions
of Mn(CO) X and its derivatives have been described [4–6]. At relatively high
temperature rhenium pentacarbonyl halides, Re(CO) X, react with several
monodentate ligands having donor atoms (phosphorus, nitrogen, sulphur) to
form disubstituted compounds Re(CO) XL [7].

and
kinetic studies were monitored by infrared spectrometry [8]. Kinetic addition of
nucleophiles, pyridine -oxides, triarylphosphates, 2,7-nonadiyne and glucose to
rhenium was monitored in vitro and in vivo and structure investigations were
done [9 13]. Rhenium core can be also used as catalyst to multielectron atom or
oxygen transfer reaction of perchlorate, dithiolate complexes, epoxides, glycols,
olefins epoxidation or in ammonia synthesis [14 19].

Rhenium complexes are usually characterized by common analytical methods,
selected on the basis of desired information; the changes of rhenium oxidation
states are monitored by means of electro-analytical and spectrometric methods
[20, 21], quantification of the components in reaction mixtures is achieved by
means of thin layer chromatography, high performance liquid chromatography
and capillary zone electrophoresis or alternatively [22–24]. Mass spectrometry,
nuclear magnetic resonance and infrared spectrometry are used for the purposes
of structure characterization of the products of complex forming reactions.

Mass spectrometry found its irreplaceable role in modern instrumental
analytical chemistry, making it possible to evaluate structure of analytes in
mixtures and in trace concentrations. Structure characterization of organo-
metallic complexes utilizes common methods of instrumental analysis, such as
X-ray diffractrometry in combination with nuclear magnetic resonance and
infrared spectrometry [25, 26]. These methods are suitable for identification of
pure reaction products and, in principle, less applicable for the evaluation of their
structural transformations in solutions, e.g. for monitoring of reaction kinetics in
course of their preparation and stability studies.

Mass spectrometry with soft ionization techniques seems to be suitable
method for the analysis of various complexes. Electrospray ionization (ESI)
usually provides mass spectra with dominant molecular ion and minor fragment

-

-

–

–

5

3 2

5

Pyridine, γ-picoline and α-chloro
pyridine were used as forming ligands to reaction with rhenium precursor

N
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ions [27]. As compared with NMR and IR techniques, ESI-MS makes it possible to
achieve substantially lower detection limits and is applicable to analytes in
aqueous solutions [28–30]. Similarly, laser induced photo desorption (LDI) and
matrix assisted photo desorption (MALDI) proved to ionize effectively the
complexes providing mass spectra with dominant molecular ions and low extent
of fragmentation [31, 32]. Atmospheric pressure photoionization (APPI) is, at
present, the softest commercially available ionization technique that was
successfully utilized for structure characterization of complexes [33]. Low energy
UV lamp excitation light enables to generate intact molecular ions for kinetically
labile analytes with negligible extent of fragmentation. The comparison of the
analysis of selected rhenium(+I) complexes by means of LDI, MALDI and ESI
ionization can be found in ref. [34, 35].

Tetrabutylammonium-tetrachlorooxorhenate ( -Bu N)[ReOCl ] was purchased
from Aldrich, 1,2,3-trihydroxybenzene (pyrogallol) was purchased from Alfa
Aesar, acetonitrile (ACN-d3) for NMR 99.8% purity was purchased from Euro-
-isotop, acetonitrile (HPLC grade) was purchased from Lach-Ner (dried and
deoxygenated before use if necessary), trietylamine (TEA) was purchased from
Sigma, ESI tuning mix for Ion trap was purchased from Agilent. All other reagents
used to the synthesis were commercially available and were used without further
purifications.

ESI-MS experiments were conducted on an ion trap instrument Esquire 3000
(Bruker Daltonics, Germany). Proton and carbon nuclear magnetic resonance
( H and C NMR) spectra were run in deuterated acetonitrile (ACN-d3) and
recorded using Bruker Avance III (300 MHz) NMR spectrometer. Infrared spectra
of prepared complexes were recorded on NICOLET 380 FT-IR using KBr discs.
UV/VIS absorption spectra were measured by Thermo Evolution 60 using 3 mL
glass or plastic cuvettes with defined 1 cm length.

Methods of preparation rhenium complexes with pyrogallol are shown in Fig. 1 (in
curly braces are show different reaction ways) including reaction conditions and
reaction time for every degradation or storable reaction in schema and oxidation
state of rhenium atom in complex. Obtained masses of prepared complexes by
mass spectrometry are given in Table 1.

2. Experimental

2.1 Reagents and chemicals

n

2.2 Instrumentation

2.3 Preparation of bis(1,2,3-trihydroxybenzene)oxorhenium complexes

4

13

4

1 13
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Method : The reaction of ( -Bu N)[ReOCl ] (0.88 mg = 1.42 μM) with
pyrogallol (0.48 mg = 3.81 μM) in deoxygenated or untreated acetonitrile (3 ml)
was performed and after 10 min a volume of 11–63 μL TEA (in molar excess in
deoxygenated acetonitrile) was added. Resulting yellow colored solution with
prevailing complex [Re(O)(PG) ] ( ) gradually changed its color to brown as it
was converted to complex ( ).

Method : Mixture of (0 88 mg 1 42 μM) and pyrogallol
(0 48 mg 3 81 μM) in deoxygenated or untreated acetonitrile (3 ml) was heated
on oil bath (70 C) for 40 min. The resulting purple solution containing major
complexes ( ) and ( ) was cooled and after 60 min 5 μL TEA was
added to reaction mixture. Within 60 min, yellow solution with prevailing
complex ( ) changed its color to brown (dominant ( )) in 60 min. This solution

{1}

1

2

{2}

3 4

1 2

n
4

2
–

4

4 4
( -Bu N)[ReOCl ] . = .

. = .
°

(= 35.8 μM)

n

4 Proceedings of 1th ISC Modern Analytical Chemistry Prague 2015▪8 the 1

Fig. .1 Scheme of reactions between rhenium precursor ( -Bu N)[ReOCl ] and 1,2,3-trihydroxy-
benzene as complex forming ligand. Conversion reactions between compounds, reaction conditions
and rhenium oxidation states. Observed reaction pathways are numbered in curly braces.

n 4 4

Table 1

Formulas and molecular masses of rhenium complexes
observed and identified in negative ESI/MS spectra.

Entry Formula

( ) ReC H O 451
( ) ReC H O 467
( ) ReC H Cl O 397
( ) ReC H O 450
( ) ReC H Cl O 397

m/z

1

2

3

4

5

12 8 7

9

6

12 8

4 2 4

12 8 8

6 4 2 4
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with major compound ( ) was used for UV/VIS, IR, NMR and MS measurements
described below.

Method : The mixture of complexes ( ) and ( ) (products of method { },
before addition of TEA) was left at room temperature for 5 days. Within 3 days
colored change from purple to blue was observed as the content of complex ( )
increased. Consequently, blue solution changed its color to green with dominating
complex ( ).

NMR and IR supplementary data: Complexes ( ), ( ) and ( ) are almost
identical for NMR experiments and provides shifts at (600 MHz .

– 6.34 (m, 4H). Characteristic shifts of terabutyl
ammonium cation at 3.09 3.06 (m, 8H), 1.62 1.57 (m, 8H), 1.37 1.33 (m, 8H),
0.97 (t, j=7.3 Hz, 12H) ppm are common for all complexes. Complex ( ) gives shifts
at (300 MHz, 7 27 7 25 (2H), 2 02 2 01 (2H) and 0 085 0 075 (1H).
Shifts at (300 MHz, CDCN) 7 01 (2H), 5 38 5 34 (8H) and 5 23 5 18 (2H)
were measured for complex ( ). In IR spectra of prepared complexes there is a
strong absorption in the region 910 1000 cm assigned to a characteristic stretch
of terminal Re=O group. The typical intense aromatic C=C stretching vibrations
give rise to absorption bands in the region 1470 1520 cm . Intense absorption
bands at 2962, 2932 and 1509 cm , respectively correspond to the presence of
tetrabutylammonium counter cation.

In ESI-MS analysis the nebulizer gas pressure was 18 psi. In all measurements the
flow rate of dry gas was as set 5 L/min and the temperature was 250 °C. The
sample was diluted in acetonitrile and delivered to nebulizer by a syringe pump
(Cole Parmer, USA) at a flow rate at 8 μL/min. Optimized conditions of mass
spectrometer in negative ion modes were as follows: capillary voltage was 4000 V,
flow rate of desolvation gas was as set 5 L/min, desolvation temperature was
250 °C.

Kinetic conditions of individual complexes transitions were followed by mass
spectrometry with electrospray ionization and compared with those obtained by
UV/VIS spectrometry. ESI spectra for ESI kinetic were measured with: capillary
voltage 4000 V; nebulizer gas pressure 15 psi, dry gas flow 4,5 L/min at
temperature 300 °C, scan mode 110– ,

The instrument was controlled and manipulated
through the Esquire Control 5.3.11 software and experimental data were
processed via Data Analysis 3.3.56. UV/VIS spectra were measured in quartz 3 mL
cuvettes with defined 1 cm optical length using following experimental condition:
scan 250–700 nm, interval 1 nm, threshold 0,01 A, measurement mode A

2

{3} 3 4 2

5

6

1 2 4
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6

, CDCN): δ: 9 95
(bs, 2H), 6.57 6.55 (m, 2H), 6.35

CDCN): δ:
: δ: 7 07

500 with scan speed 5 500 per sec.;
syringe pump flow 8 μL/min.
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2.4 Method of mass spectrum analysis

2.5 Kinetics studies of complexes transitions

m/z m/z
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(0–4 mAU), wait time 0 s, total time 60–12,000 min, interval time 60 s. UV/VIS
kinetic measurements were performed in time set on 60 min under condition
mentioned above.

Described preparation procedures of rhenium complexes with 1,2,3-trihydroxy-
benzene as complex forming ligand and rhenium precursor result in different
color of resulting solutions. As it is evident from reaction scheme in Fig. 1, two
different ways ( and ) of preparation in deoxygenated acetonitrile yield
identical structures of final complexes ( ) and ( ) with two ligands attached to the
rhenium core, differing only in oxidation state of rhenium. In yellow solution
(product of method ), complex ( ) with rhenium in oxidation state +V and with
one oxygen atom bounded to the core was identified. This complex is unstable and
after addition triethylamine to solution it is easily converted to complex (2) with
two ligands and two oxygen atoms attached to the rhenium core in oxidation state
(+VII). This reaction is reversible, after addition triphenylphosphine to brown
reaction mixture one oxygen atom is eliminated and oxidation number of rhenium
returns to +V (compound ( )).

The second procedure (method ) of complex preparation led to purple
colored solution with prevailing compounds ( ) and ( ) with one or two ligand
molecules attached to the rhenium core, respectively, differing in oxidation
number of rhenium. In complex ( ) one ligand, two chlorine atoms and one oxy-
gen atom are bound to the core. In complex ( ) chlorine atoms are not present
however, oxygen atom with two molecules of ligand are bound to rhenium ion in
oxidation state +V. After addition triethylamine to solution complex ( ) is easily
converted to compound ( ). Transition between complexes ( ) and ( ) and com-
plex ( ) is fully reversible and depends only on addition of triethylamine.

Kinetic velocity of individual transitions as well as concentration increasing
and decreasing of compounds in reaction mixture was measured by mass spectro-
metry and compared with those from UV/VIS spectrometry. Due to the presence
of O-substituted aromatic ligands, the complexes studied in this work show strong
absorption in the UV/VIS region. Time-bases ESI/MS measurements enabled to
specify different reaction pathways yielding different rhenium complexes. From
Fig. 2 it is evident, that complex ( ) is a final oxidation reaction product of
primarily formed complex ( ). The rate of this reaction significantly depends on
the residual content of oxygen in acetonitrile. As it is evident from Fig. 2A and 2B,
the formation of complex ( ) is significantly promoted by the presence of oxygen
(measurements were performed in deoxygenated or untreated acetonitrile with
or without air access). Interconnection of alerts describing relative mass intensity
for complexes ( ) and ( ) for measurement achieved in untreated acetonitrile
(part 3B) incoming in 25th min indicates faster conversion reaction between
complexes because of air access. Without air access (part 3A) conversion reaction

3. Results and discussion
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Fig. 2. 1 2ESI-MS kinetic dependencies of transition reaction between complexes ( ) and ( ) in deoxy-
genated ACN (A) and untreated ACN (B). Time of measuring was set to 60 min.



is significantly slower and interconnection arises in 55th min. In contrast to
complex ( ), complex ( ) containing rhenium ion in oxidation state (+VII) is
a product stable on air and in aqueous solutions.

Differences in colors between complex ( ) and complex ( ) enable to monitor
above mentioned conversion by UV/VIS spectrometry (Fig. 3). Decrease of
absorption maximum at 270 nm corresponds to the decrease of the concentration
of Re(+V) precursor in course of the reaction. The formation of complex ( ) is
documented by an increase of absorbance at 430 nm, consequent oxidation to
complex ( ) is evident from an increase of the absorbance at 575 nm connected
with proportional decrease of absorption maximum at 430 nm. As ESI kinetic
measurements proved, reactions without access of oxygen were significantly
slower than reactions with oxygen access. Therefore, time set on 60 min for
measurement was not enough for completion of conversion reaction and only one
absorbance maximum (at 575 nm) was obtained in reaction performed in deoxy-
genated acetonitrile.

The rate of complex forming reaction yielding complex ( ) depends
significantly on the addition of triethylmine as a base binding Cl ions as reaction
by-product. As it is evident from kinetic curves shown in Fig. 4, the rate of reaction
significantly increases with increasing molar excess of triethylamine in reaction

1 2

1 2

1

2

2
–

Fig. 4. 2The dependencies of the yield of final complex ( ), expressed as an increase of absorption
maximum at 430 nm, on molar excess of triethylamine in reaction mixture.
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Fig. 3. 1 2

1 2

UV/VIS absorption spectra of transition reaction between complexes ( ) and ( ) in
deoxygenated ACN (A) and untreated ACN (B) monitored in time interval 60 min. Absorption
maxima of complexes ( ) and ( ) and residual rhenium(+V) precursor are marked with arrows.
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mixture. It is evident that reaction rate is the highest for 12 or 16 equivalents of
triethylamine, the most significant change of the rate was observed in the interval
of 48 equivalents of triethylamine.

Presented kinetic study documents the complexity of chemical reactions between
Re(+V) precursor and pyrogallol as a strongly bound ligand. Besides its evident
chemical matter of interest, our results might be useful in radiopharmaceutical
research, namely for optimization of the composition of rhenium diagnostic and
palliative treatment kits.

In this work we demonstrated that mass spectrometry with electrospray
ionization is a useful tool both for structure characterization of rhenium com-
plexes and for monitoring of their chemical transformations in real time. The mass
spectra obtained with ESI gave unambiguous information about molecular
weights and the structures of studied complexes, because intact molecular ions
and structurally characteristic fragments were observed. Identified complex com-
pound enabled to propose reaction scheme describing basic reaction pathways of
studied complexes.

We also demonstrated the rate of complexes forming reactions for rhenium
complexes and the depending of this rate on air access and on the addition of
triethylmine. The results of ESI/MS kinetic studies were in agreement with
independent UV/VIS absorption measurements and together show problematic
behavior of rhenium complexes with oxygen donor ligands in non-aqueous
solutions and conversion reactions between complexes. Without perfect know-
ledge of these transitions the drug application to patient’s body will be dangerous.

4. Conclusions

Acknowledgments

References

This research was carried out within the framework of the project of the Specific University
Research (SVV260205).

Abrams M.J., Murrer B. A.: (1993), 725–730.
[2] Gerloch M., Constable E. G.: Weinheim, VCH 1994.
[3] Colton R.: London, Interscience 1965.
[4] Wojcicki A., Basolo F.: (1961), 520 525.
[5] Angelici R. J., Basolo F.: (1962), 2495 2499.
[6] Angelici R. J., Basolo F.: (1963), 728 731.
[7] Hieber W., Fuchs H.: (1941), 256 268.
[8] Zingales F., Sartorelli U., Canziani F., Raveglia M.: (1966), 154 157.
[9] Casy Ch. P., Nash J.R., Yi Ch. S., Selmeczy A.D., Chung S., Powell D.R., Hayashi R.K.:

(1997), 722 733.
[10] Wang Y., Espenson J.H.: (2002), 2266 2274.
[11] Dixon J., Espenson J.H.: (2002), 4727 4731.
[12] Han Y., Harlan C. J., Stoessel P., Frost B.J., Nornton J.R., Miller S., Bridgewater B., Xu. Q.:

(2001), 2942 2952.

[1] Science

Transition Metal Chemistry.

The Chemistry of Rhenium and Technetium.

J. Am. Chem. Soc.

J. Am. Chem. Soc.

Inorg. Chem.

Z. Anorg. Allgem. Chem.

Inorg. Chem.

J. Am. Chem. Soc.

Inorg. Chem.

Inorg. Chem.

Inorg.

Chem.

261

83

84

2

248

6

120

41

41

40

–
–

–
–

–

–
–
–

–

54 the 1Proceedings of 1th ISC Modern Analytical Chemistry Prague 2015▪



[13] Schibli R., Dumas C., Petrig J., Spadola L., Scapozza L., Garcia-Garayoa E., Schubiger P. A.:
(2005), 105 112.

[14] McPherson L.D., Drees M., Khan S.I., Strassner T., Abu-Omar M.M.: (2004),
4036 4050.

[15] Lente G., Espenson J.H.: (2000), 4809 4814.
[16] Gable K.P:, Brown E.C.: (2003), 11018 11026.
[17] Vikuturi S., Chapman G., Ahmad I., Nicholas K.M.: (2010), 4744 4746.
[18] Owens G.S., Durazo A., Abu-Omar M.M.: (2002), 3053 3059.
[19] Kojima R., Aika K.: (2001), 317 325.
[20] Holder G.N., Bottomley L.A.: (1992), 133 137.
[21] Van Kirk Ch.C., Béreau V., Abu-Omar M.M., Evans D.H.: J. (2003), 31 38.
[22] Koudelková M., Jedináková-Křížová V.: (2003), 317 323.
[23] Kohlíčková-Koudelková M., Jedináková-Křížová V. Deyl Z.: (2002), 245 248.
[24] Kohlíčková M., Jedináková-Křížová V., Konířová R.: (1999),

545 549.
[25] Nicholson T., Kramer D.J., Davison A., Jones A.G.: (2001), 177 182.
[26] Valliant J.F., Riddoch R.W., Hughes D.W., Roe D.G., Farconnier T.K., Thornback J.R.:

(2001), 155 163.
[27] Henderson V., Nicholson B.K., McCaffrey L.J.: (1998), 4291 4313
[28] Hori H., Ishitani O., Koike K., Takeuchi K.: (1996), 587 590.
[29] Hori H., Ishihara J., Koike K., Takeuchi K., Ibusuki T., Ishitani O.: (1997), 273 274.
[30] Tisato F., Bolzati C., Porchia M., Refosco F.: (2004), 309 332.
[31] Wyatt M.F.: (2011), 712 719.
[32] Wyatt M.F., Stein B.K., Brenton A.G.: (2006), 199 209.
[33] Van Berkel G.J.: (2003), 539 562.
[34] Petroselli G., Mandal M.K., Chen L.C., Ruiz G.T., Wolcan E., Hiraoka K., Nonami H., Erra-Balsells R.:

(2012), 313 321.
[35] Day E.F., Payne T.A., Holt C.A.: (2007), 903 910.

Biocon-

jugate Chem.

Inorg. Chem.

Inorg. Chem.

J. Am. Chem. Soc.

Inorg. Chem.

Chem. Eur. J.

Appl. Cat. A

Inorg. Chim. Acta

Electroanal. Chem.

J. Chrom. A.

Electrophoresis

J. Radioanal. Nuc. Chem.

Inorg. Chim. Acta

Inorg. Chim.

Acta

Polyhedron

Anal. Sci.

Chem. Lett.

Spectrom. Reviews

J. Mass Spectrom.

Anal. Chem.

Europ. J. Mass Spectrom.

J. Mass Spectrom.

Rapid Commun. Mass Spectrom.

16

43

39

125

49

8

209

194

541

990

23

242

353

352

17

12

3

23

46

78

9

47

21

–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

Proceedings of th ISC Modern Analytical Chemistry Prague 201the 11 5▪ 55



1. Introduction

Reference materials (RM) and certified reference materials (CRM) are an indis-
pensable part of systems that control and evaluate the quality of analytical results.
Certified reference materials have to meet four basic criteria: analyte content
determined with the required precision and accuracy, homogeneity, stability and
cohesive documentation called certificate [1–3]. All the reference material guide-
lines covering terminology, production methods, certification, quality assurance,
and application are contained in ISO guides no. 30 to 35 [3].

Homogeneity is determined for one batch of material, and the results have to be
consistent with the values of the same parameters (with estimated uncertainty)
for a different material batch. There are two types of homogeneity: within-bottle
and between-bottle. Determination the certified value is done as a result of inter-
laboratory tests. All certified values are determinated using validated analytical
methods [1, 4].

In the new Polish candidate for reference material, six compounds belonging to
the PAH group were determined. These were pyrene, benzo[ ]anthracene,
benzo[ ]fluoranthene, benzo[ ]fluoranthene, benzo[ ]pyrene, and indeno[1,2,3-
- ]pyrene. With the use of the validated method, the PAH contents in the new
candidate for reference material and homogeneity were determined.

a

b k a

cd

New Polish reference material for the

analysis of PAHs in the soil – determination

of certified values and homogeneity

A K B BNNA IEŁBASA*, OGUSŁAW USZEWSKI
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Abstract

Accelerated solvent extraction with the use of a dichloromethane-acetone
mixture (1:1 ratio) was applied to extraction of six PAH. This method allowed
the recovery ranging from 70 to 115% and good repeatability ( = 1.9–5.7). In
order to determination method, liquid chromatography with the fluorescence
detector and gas chromatography–mass spectrometry were applied. The vali-
dation of the method for PAH extraction and determination in soil was
necessary for the purposes of further certification tests aimed at determi-
nation the certified value of the new reference material and its homogeneity.

SD
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certified reference material
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2. Experimental

3. Results and discussion

2.1 Reagents and chemicals

a b

k a cd

2.2 Instrumentation

The certified standard of the six PAH (pyrene, benzo[ ]pyrene, benzo[ ]fluor-
anthene, benzo[ ]fluoranthene, benzo[ ]anthracene, and indeno[1,2,3- ]py-
rene) in acetonitrile was supplied by LGC Standards. The concentration of each
compound was declared 10 ng/mL. For optimization analysis of the PAH in soil
was supplied by CRM 141 and BAM U013-b. The candidate for the new reference
materials was kept in closed glass (dark bottles). Each of them contained 50 grams
of soil. These materials were stored at 4 °C. The materials were powdered and
homogenized. Dichloromethane, acetone and acetonitrile were used. Water used
was obtained from a MilliQ system. Nitrogen was of purity higher than 99%. The
sample was filtered through syringe filters (PTFE, 13 mm diameter and 0.22 μm
pore size).

Accelerated solvent extraction (ASE 100, Dionex) was used for extraction.
HPLC/FLD analysis was carried out by application of a liquid chromatograph
(Agilent Technologies 1100 Series and 1260 Infinity). The chromatograph was
performed on a non-polar column YMC PAH (250 mm × 3.0 mm; 5 μm). The
analytes were determined by gradient elution with an acetonitrile–water binary
system and subsequent fluorescence detection. 5 μL of the extract was injected.
The column temperature was set at 30 °C. The mobile phase flowed at the rate of
1 mL/min. A gas chromatograph was fitted with a selective mass detector (Agilent
Technologies 6890 N and 5975 Series) and a 30 m × 0.25 mm × 0.25 μm capillary
column (ZB-5MS, Phenomenex). An aliquot (1μL) of the acetonitrile extract was
injected. Helium was the carrier gas and flowed at a rate of 1.1 mL/min. A splitless
injection mode was used in the analysis.

From the basic standard solution, six working standard solutions were prepared
by dilution to the concentrations of 100, 150, 200, 300, 400 and 500 μg/L.
A chromatographic analysis was performed with the use of HPLC/FLD and
GC/MS. For each of the compounds examined, an analytical curve as well as
detection and determination limits were determined (Table 1). The detection and
determination limits found are low which allows the determination of the PAH in
a broad range of concentration values. It is possible to perform both, the quali-
tative as well as quantitative analysis. The analytical curves exhibited good
linearity throughout the whole working range.
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Compound

[ ]

[ ]
[ ]
[ ]
[ ]
[ ]

HPLC/FLD GC/MS

CRM-141 BAM U013-b

Recovery SD
%

Pyrene 93 4.1 106 2.9 86 3.7 92 3.2
Benzo anthracene 85 4.9 99 3.0 115 2.2 87 4.8
Benzo fluoranthene 97 4.5 87 4.1 107 5.7 106 4.9
Benzo fluoranthene 96 4.8 87 3.5
Benzo pyrene 73 1.9 95 3.8 70 1.9 86 3.5
Indeno 1,2,3- pyrene 97 3.2 105 3.5 114 4.1 95 4.4

CRM-141 BAM U013-b

Recovery SD Recovery SD Recovery SD
% % %[ ] [ ] [ ]

a

b

a

k

cd

Table 2

Recovery and repeatability method analysis of PAH.

The 1.0 g sample (CRM 141, BAM U013-b and candidate for reference material)
was carefully mixed with roast sand and placed in an extraction cell. The
extraction ran at 100 °C in three static cycles, 5 min each. The extract was then
concentrated in a mild stream of nitrogen at the temperature 30°C. The final
volume of each sample was 1 mL and acetonitrile was the solvent. Each sample
was filtered out with the use of Teflon syringe filters. Each samples was
chromatographic analysis. CRM 141 and BAM U013-b were used for validation of
the PAH in soil. Recovery and repeatability are shown in Table 2.

The PAH were extracted from the candidate for new certified reference
materials for determination certified values. Results are shown in Table 3.

Compound HPLC/FLD GC/MS

[ ]
[ ]
[ ]
[ ]
[ ]

LOD LOD LOD LOD

Pyrene 5.23 15.7 18.8 56.4
Benzo anthracene 5.56 16.7 10.6 31.9
Benzo fluoranthene 4.58 13.7 14.2 42.5
Benzo fluoranthene 4.67 14.0
Benzo pyrene 5.49 16.5 25.6 76.8
Indeno 1,2,3- pyrene 4.95 14.9 26.5 79.4

[μg/L] [μg/L] [μg/L] [μg/L]

a

a

b

cd

k

Table 1

Limit of detection and limit of quantification for six PAH.
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[ ] [ ] [ ]
[ ]

[ ]

By HPLC/FLD, it is possible to quantitatively determine five compounds
(pyrene, benzo anthracene, benzo fluoranthene, benzo fluoranthene,
benzo pyrene) in the new reference material. Due to interferants which elute
with indeno 1,2,3- pyrene, it is not possible to analyse it qualitatively with
liquid chromatographic methods. GC/MS was applied in the analysis of this
compound in soil (Fig.1).

a b k

a

cd

Compound HPLC/FLD GC/MS

SDConcentration
[μg/kg]

Pyrene 4638 162 4765 94
Benzo[ ]anthracene 533 37 487 42
Benzo[ ]fluoranthene 625 39 1016 34
Benzo[ ] fluoranthene 310 28
Benzo[ ]pyrene 545 48 499 46
Indeno[1,2,3- ]pyrene 1557 64 561 51

Concentration
[μg/kg]

SD

a

b

k

a

cd

Table 3

Concentration PAH in new certified reference material’s candidate.

Fig. .1 Chromatograms of PAHs in new certified reference material by (A) HPLC/FID analysis, and
(B) GC/MS analysis.

Proceedings of 11th ISC Modern Analytical Chemistry Prague 2015the ▪ 59



Compound CV analysis % CV WB % CV BB %

Pyrene 1.9 10 3.7
Benzo[ ]anthracene 2.7 19 5.4
Benzo[ ]fluoranthene 3.4 17 5.3
Benzo[ ] fluoranthene 6.7 25 4.4
Benzo[ ]pyrene 5.2 24 5.2
Indeno[1,2,3- ]pyrene 8.0 20 5.7

a

b

k

a

cd

Table 4

Coefficients of variation for analysis, within-bottle and between-bottle homogeneity.

For homogeneity PAH were extracted several times from few randomly
selected bottles. Variation coefficients were calculated for within-bottle
homogeneity and between-bottle homogeneity (Table 4).

The accelerated solvent extraction method with the use of the dichloromethane-
acetone mixture is quick method characterized by the highest recovery and, at the
same time, repeatability. Preparing the sample for the analysis with the use of
HPLC/FLD and GC/MS is simultaneous. It is cost-efficient due to smaller amounts
of the solvent needed for the analysis and shorter total procedure time.
A candidate for the new reference material fulfills two criteria required for

certification process. Certification values were determined with sufficient
precision and accuracy. For this purpose was validated analytical method. The
determined coefficients of variation indicate high within-bottle and between-
bottle homogeneity.
The material will be very useful in laboratory tests when examining soil collected
from areas affected by ecocatastrophes or struggling with the environmental
contamination with the PAH.

4. Conclusions
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1. Introduction

Porphyrazines and phthalocyanines, synthetic analogues of porphyrins, are
structurally related macrocyclic compounds with two-dimensional electron
conjugated system, in which can be incorporated more than 70 different metal or
non-metal elements. These complexes are ideal components in variety appli-
cations because of their synthetic versatility and easy modification of the benzene
ring. Water-soluble compounds exist as freely associated aggregates that are not
chemically bound in aqueous solution [1]. Although the aggregation tendency is
problematic, solubility in water is an advantage for many applications. The
advantage of complex , ´, ´´, ´´´-tetramethyl-tetra-3,4-pyridinoporphyrazino-
cobalt (CoTmt-3,4-ppa) reported in this work is a lower tendency to form
aggregates in solution compared to other water-soluble phthalocyanine.

Porphyrazine and phthalocyanine compounds have been reported to provide
electrocatalytic activity towards a considerable number of analytes [2–6] and
adsorbed onto electrodes show better catalytic activity than when are used as

18 π-

N N N N

Influence of electrode preparation on

electrocatalytic activity of water soluble

porphyrazine complex to hydrogen
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Abstract

The influence of electrode preparation and used electrode substrate on
electrocatalytic activity of , ´, ´´, ´´´-tetramethyl-tetra-3,4-pyridinopor-
phyrazinocobalt (CoTmt-3,4-ppa) complex deposited on electrode surface for
hydrogen reaction has been studied. Electrochemical deposition, spontaneous
adsorption, and spin coating have been used to the modification of two
different electrode substrates: annealed gold and highly oriented pyrolytic
graphite. Prepared electrodes have been characterized using cyclic voltam-
metry, backscattering VIS spectroscopy and atomic force microscopy. The
detailed comparison of surface morphology, surface coverage, surface
roughness parameters, and thickness of deposited layers of CoTmt-3,4-ppa
mediator on hydrogen reaction has been investigated.

N N N N
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homogeneous catalysts. The key factor that allows them to serve as mediators in
many electron transfer reactions is their reversible redox chemistry, high thermal
and chemical stability [7, 8]. They are able to form insoluble, thin layer due to
strong intermolecular interaction on different types of electrode substrates with
significant electrocatalytic properties.

Important aspects to prepare films for gas sensors are morphology and
thickness of active layers [9]. Thin layers phthalocyanine derivatives on electrode
surface increase the surface area and can serve as sensitive gas sensors. This can
be achieved in various ways such as electrochemical deposition, by drop casting,
and spin coating of phthalocyanine solution on the electrode substrate. Thickness
and morphology of deposited films can be controlled in these methods by amount
of phthalocyanine and deposition time.

Hydrogen catalysis is a significant scientific field since hydrogen evolution and
hydrogen oxidation are importance in developing and improving in electro-
chemical devices such as fuel cells [10] and water electrolysers [11]. Possible
hydrogen catalyst candidates include various pure metals such as platinum,
palladium, ruthenium, and theirs alloys. These metals are resource-limited,
expensive, and irreversibly inactivated by common trace impurities. One way to
resolve this problem is by modifying conventional electrodes with catalytic active
complexes such as metallophthalocyanines.

The presented work reports how the method of deposition and used substrate
affect electrocatalytic activity of water-soluble porphyrazine mediator. The
electrocatalytic activity of CoTmt-3,4-ppa complex to hydrogen in aqueous
solution at laboratory temperature was investigated.

The water-soluble powder Co(II)Tmtppa(CH SO ) was synthesized and purified
by the group of Professor A. B. P. Lever from York University, Toronto, Canada [2].
Stock solutions of theCoTmt-3,4-ppa with a concentration of 1×10 mol dm was
prepared in phosphate buffer (pH 4.3) and stored in cold and dark. Phosphate
buffer serving as supporting electrolyte was prepared by mixing of 0.1 mol dm
solutions of NaH PO and Na HPO (Merck, Germany) in distilled water.
Phosphoric acid and sodium hydroxide (all p.a., Lachema, Czech Republic),
0.1 mol dm each, were used for pH adjustments. All chemicals used for buffer
preparation were analytical grade and used without further purification. For all
the measurements was used deionized water (Milli-Q system Gradient, Millipore,
resistivity 18.2 M cm). The gases used in this work include argon 6.0 and
hydrogen 6.0 (all 99.9999% purity, Messer, Czech Republic).

2. Experimental

2.1 Reagents and chemicals

3 4
4–
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2.2 Instrumentation

2.3 Preparation of modified electrode

Cyclic voltammetry (CV) experiments were performed using a three-electrode
system controlled by the potentiostat/galvanostat Wenking POS 2 (Bank Elek-
tronik, Germany) with CPC-DA software (Bank Elektronik, Germany). Electrode
materials such as gold substrate Au(111)-coated glass slides (Gold arran-
dee /Au(111) Germany) with a thickness of gold film 250 ± 50 nm in the size of
the glass slide 12 × 12 × +/– 0.2 mm and highly oriented pyrolytic graphite (HOPG)
12 × 12 × 2 mm (HOPG ZYB Grade, Structure Probe Inc., USA) were used as
working electrode. Saturated calomel electrode (SCE) and platinum wire served
as reference and auxiliary electrode, respectively. The gold-coated glass electrode
was cleaned by flame annealed in a Bunsen burner to obtain Au(111) terraces.
This procedure was repeated three times after air cooling for a short time. The
HOPG electrode was cleaned using adhesive tape Scotch by removing several
layers of the surface. All electrochemical measurements were carried out in
0.1 mol dm phosphate buffer and deoxygenated by argon at room temperature.

The fibre optic spectroscopic instrumentation consisted of spectrometer
SD 1000 (Ocean Optics, New Zealand) with optical fibre (Ocean Optics, USA). The
halogen lamp Fiber-Lite PL-800 (Dolan-Jenner, USA) was used as the source of
irradiation in the range of 400–800 nm. The spectra were measured in the back-
scattering mode from the electrode/solution interface and were recorded by the
OOI Operating Base 1.52 (Ocean Optics, New Zealand) software package. All
experiments were performed in the solution deoxygenated by argon 6.0 at room
temperature.

The surface topography of electrode substrates was examined by ex situ atomic
force microscopy Multimode Nanoscope IIIa (Veeco, USA) in utilizing tapping
mode with silicon tip (OTESPA, 42 Nm-1, 300 kHz, Veeco, USA). The atomic force
microscopy (AFM) topography was analysed by commercial Nanoscope III
Software version5.12r5 (Veeco, USA) and the determination of the surface rough-
ness parameters was performed by using Gwyddion software version 2.41 Czech
Metrology Institute, Brno, Czech Republic).

Electrochemical deposition of CoTmt-3,4-ppa on the electrode substrate was
performed by recording successive cyclic voltammetric scans in a potential range
from –0.8 to 0.1 V versus SCE in a pH = 4.3 buffer solution containing
1×10 CoTmt-3,4-ppa. The number of cycle was adjusted to obtain
desired thickness of deposited layers. Adsorption of mediator on the electrode
was realized by 60 min drop casting of 1×10 CoTmt-3,4-ppa. Excess
solution was removed from the surface. Spin-coating of porphyrazine was formed
by spin coating (500 rpm) of 1×1 CoTmt-3,4-ppa solution. Excess
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solution is spun off the surface. After completion of deposition techniques, the
modified electrodes (labelled CoTmt-3,4-ppa/HOPG and CoTmt-3,4-ppa/Au)
were further characterized in the buffer solution in the absence of CoTmt-3,4-ppa.

Firstly, modified electrodes (CoTmt-3,4-ppa/HOPG and CoTmt-3,4-ppa/Au)
prepared by three different methods were characterized by cyclic voltammetry in
the buffer solution. Electrochemical behaviour and surface coverage of
CoTmt-3,4-ppa on electrode were studied. Electrochemical results were
completed by ex situ AFM to have better understanding of deposition processes.
Profile analysis and AFM images showed smoother nanomorphology of
CoTmt-3,4-ppa deposited on HOPG surface compare to Au substrate. It was found
out that surface roughness parameters and thickness of deposited layers were
influenced the used substrate and the type of deposition method.

Further, VIS absorption spectroscopy in the backscattering mode allow
monitored processes of the spontaneous adsorption and the electrochemical
deposition of the complex CoTmt-3,4-ppa on electrode substrates. The process of
deposition resulted in the spectral change consisted of the decrease in the sharp
Q-band at 670 nm and the simultaneous formation of a new broad absorption
band centred at 472 nm. This process corresponded to reduction of the central
metal and the formation of active layer on the electrode surface. The stability of
films was monitored by electrochemical and spectral change in the buffer solution
in the absence of CoTmt-3,4-ppa.

Finally, cyclic voltammetry and potentiometry were used to investigate the
possible practical application of porphyrazine as electrocatalysts for hydrogen.
The electrocatalytic activity of the mediator coated on electrode surface was
tested in a phosphate buffer aqueous solution at different pHs. It was detected that
the electrocatalytic activity of the complex varies with the changing pH due to
different mechanism between hydrogen and CoTmt-3,4-ppa. Further, it was found
that the type of substrate and the method of preparing the modified electrode also
affected the electrocatalytic activity of complex. The potential-time response of
CoTmt-3,4-ppa thin layer to hydrogen makes it possible to development
brand-new potentiometric sensor.

Cobalt porphyrazine thin films were deposited on annealed gold and highly
oriented pyrolytic graphite substrates by adsorption, spin-coating and
electrochemical deposition. After that, thin films were characterized electro-
chemical, spectroelectrochemical, and microscopically methods. The detailed
comparison of AFM results with electrochemical and spectrochemical measu-
rements made it possible to gain further insight in the processes of thin layer

3. Results and discussion

4. Conclusions
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during the modification procedure and electrocatalytic behaviour. It was
observed that electrochemical behaviour and electrocatalytic activity of
CoTmt-3,4-ppa complex to hydrogen were significantly affected by electrode
modification technique and material of electrode substrate.
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1. Introduction

Chiroptical methods, as vibrational (VCD) and electronic circular dichroism (ECD)
are based on the principle of a difference in absorption of the left- and right-
circularly polarized light by chiral molecules [1]. They are therefore very useful for
the studies of a 3D structure from small molecules to biopolymers. Both the
methods characterize conformations by differing spectral patterns. Thus, we
tested their potential for conformational studies of antimicrobial peptides in
model membranes, because the level of antimicrobial and hem

helical antimicrobial peptides depends -

While, the ECD spectroscopy has long
been established as one of the main spectroscopic techniques to study antimicro-
bial peptides, the application of the VCD spectroscopy is quite new for such
studies, especially in the systems with membrane-mimicking environments.

Hence, we studied melectin and antapin antimicrobial peptides originally
isolated from different bees in an environment mimicking bacterial or

olytic activities of
cationic α- on their cationicity, hydro
phobicity, and also on their propensity to adopt an amphipathic α-helical
conformation on the cell membrane surface.

[2, 3]

Chiroptical spectroscopy as a sensitive tool

for the conformational analysis of

antimicrobial peptides
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Abstract

We tested the utilization of electronic and vibrational circular dichroism for
the conformational study of antimicrobial peptides on two examples: melectin
and antapin in different solutions of liposomes and micelles mimicking
bacterial or eukaryotic membranes. The results show significant conte

he bacterial membrane,
while it was considerably low in the eukaryotic membrane-mimicking
environment.

nt of the
α-helical conformation in an environment mimicking t
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eukaryotic membranes. As models of such membranes various liposomes and
micelles were used. Methods of circular dichroism were also supplemented by
infrared spectroscopy.

The antimicrobial peptides melectin (GFLSILKKVLPKVMAHMK-NH ) and
antapin (GLLSALRKMIPHILSHIKK-NH ) were synthesized, purified and fully
characterized in our laboratory [2, 3]. Before the measurements, the peptides
were in a 0.1 mol L HCl solution .
Peptides modified in this way were dissolved in liposomal solutions, deuterium
oxide (D O) or 40% solution of deuterated (TFE-d ) in

to obtain the solution of a concentration 50 g L . The samples with sodium
dodecyl sulphate (SDS) micelles were prepared by dissolving the peptide in a
phosphate buffer (10 mmol L , pH = 7.5) and then the stock solution of the SDS
micelles (concentration of 160 g L in the phosphate buffer, 10 mmol L , pH = 7.5)
was added to obtain the solution of a peptide concentration 50 g L .

The 1,2-dioleoyl- -glycero-3-phosphocholine (DOPC) and 1,2-dimyristoyl-
- -glycero-3-phospho-(1'-rac-glycerol) sodium salt (DMPG) lipids were used for
the preparation of liposomes according to the standard procedures described in
the literature[4, 5]. The concentration of the lipids in the resulting solution was
100 g L . The dynamic light scattering method confirmed quite narrow size
distribution of the liposomes with a maximum at 123±2 nm.

The VCD and IR absorption spectra were measured on a Fourier transform IR
(FT-IR) IFS 66/S spectrometer[6] and the ECD spectra on a J-815 spectrometer.
The samples were measured with standard conditions and settings for peptides,
described previously [7, 8].

The spectra were corrected for a baseline by subtracting the spectra of
liposomes-free or micelles-free solution measured under the same experimental
conditions. The final spectra were expressed as a molar circular dichroism

(L mol cm ) per residue or a molar absorption coefficient (L mol cm ) per
residue. The ECD spectra were analyzed in the spectral range 190–240 nm with
the help of a Dichroweb [9, 10] application using CDSSTR [11] method and
Dataset 4.
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3. Results and discussion

In , the antapin and melectin peptides predominantly assumed
the polyprolin II (PPII) type conformation [12] as it was observed in the ECD and
VCD spectra of both peptides (Fig. 1 and 2). The ECD spectra show, besides the
characteristic bands of the PPII type conformation, a negative band at 227 nm
indicating a low content of the -helical conformation which was also confirmed
by the ECD spectral analysis using the Dichroweb application: a 10 and 4%
content of this conformation was found for melectin and antapin, respectively
(Table 1).

deuterium oxide

~
α
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Table 1

The estimated percentual content of the individual conformations in the structures of melectin and
antapin in different environments determined from the ECD spectra by using the Dichroweb
application.

Evironment Melectin Antapin

Helix Strand Turn Unordered Helix Strand Turn Unordered

D 10 30 24 36 4 45 19 31
40% TFE-d 69 9 8 13 7 35 24 33
SDS 63 13 11 12 8 34 25 33
DOPC/DMPG (2:1) 53 15 12 19 19 26 27 27
DOPC 11 20 24 35 8 35 25 31

α- α-

euterium oxide

3

Fig. .1

(A) The ECD spectra of the melectin peptide in deuterium oxide (a), in the 40% solution of TFE-d (b)
and in the solution of the SDS micelles (c).

(B) The ECD spectra of the antapin peptide in deuterium oxide (a), in the 40% solution of TFE-d (b)
and in the solution of the SDS micelles (c).

3

3



In the IR and VCD spectra (Fig. 2), our attention was focussed on the amide I´
region ( 1670–1620 cm ), corresponding to the stretching vibration of the C=O
group in the peptide bond [13]. In the VCD spectra in deuterium oxide, a negative
couplet typical of the PPII type conformation[12] was observed for both melectin
and antapin which confirmed our results from the ECD spectra.

A negative band at [1] was
observed in the ECD spectra (Fig. 1) of both the peptides in the solution of 40%
TFE-d and in the SDS micelles. The Dichroweb analysis of the data for melectin
also revealed high content of helical conformation (Table 1) which was in the
TFE-d solution caused by the ability of TFE-d

[14]. For the antapin peptide, the estimated content of secondary
structures was very similar with the content in deuterium oxide (Table 1).

The VCD spectra, where a positive couplet was observed for both the studied
peptides in TFE-d solution (Fig. 2),

antapin solution of the SDS micelles, the
observed “W” shape spectral pattern [15] indicates

~

~222 nm as a marker of the α-helical conformation

the α-
to promote the α-helical

conformation

also indicated increased content of the
α-helices in this environment. In the

a mixture of the α-helical and
PPII type conformations.

–1

3

3 3

3
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Fig. 2.

(A) The VCD (top) and IR (bottom) spectra of the melectin peptide in deuterium oxide (a), in the 40%
solution of TFE-d (b) and in the solution of the SDS of micelles (c).

(B) The VCD (top) and IR (bottom) spectra of the antapin peptide in deuterium oxide (a), in the 40%
solution of TFE-d (b) and in the solution of the SDS of micelles (c).
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These results suggest that the melectin peptide has significantly higher
propensity helical conformation than the antapin peptide. Their
interaction with membranes depends mostly on two peptide’s parameters [16]:
cationicity and hydrophobicity. As both peptides have similar positive charge, the
difference may lie in their hydrophobicities (melectin –0.011 and antapin 0.077
according to the Eisenberg et al. theory [17]) as peptides with higher hydro
phobicity usually adopt [18].

As a model of the bacterial membrane, liposomes composed of the mixture of
DOPC and DMPG lipids in a molar ratio 2:1 were used [19]. The ECD spectra
(Fig. 3) of both studied peptides reflect highe

deuterium oxide, especially for the melectin peptide (~53%, Table 1). This
is probably the cause of its observed higher antimicrobial activity [3, 4] than what
was observed for antapin having only ~ ctra (Fig.
4) had the “W” shape spectral pattern indicating the

Conversely, in the en

.
melectin and antapin peptides, respectively). This correlates

with desirable low hemolytic activity of both peptides.

By using VCD and ECD spectroscopy, we carried out a conformational study of the
melectin and antapin peptides, which show quite high antimicrobial activity and
relatively low hemolytic activity in various environments. As the level of these
activities depends also on the peptide’s propensity to adopt an amphipathic

-helical conformation on the cell membranes, we focussed mainly on the content

to adopt the α-

a conformation with higher fraction of the α-helices

r content of the α-helical fraction
than in

19% of the α-helices. The VCD spe
presence of both α-helical and

PPII type conformations, but in this case with a predominance of the α-helical
conformation. This observation supports the ECD results.

vironment mimicking the eukaryotic membrane, as which
the liposomes composed of the DOPC lipid were used, a lower content of the
α-helical conformation was observed by both techniques (Fig 3 and 4, from ECD:
11 and 8% for the

α

–
-

4. Conclusions
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Fig. 3. The ECD spectra of the studied antimicrobial peptides (melectin – solid lines; antapin do ted
ines) in different environments A DOPC, B DOPC/DMPG 2:1.
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of the -helices in the peptides studied in the membrane-mimicking environ-
ments. The results from the ECD and VCD spectroscopies show its significantly
higher content for both melectin and antapin in the environments mimicking the
bacterial than the eukaryotic membranes which correlates with peptides bio
logical activities. Both methods, especially the not so VCD technique,
proved their effectiveness in the determination of the antimicrobial peptides
conformation providing similar results.

α

’ -
common
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(A) The VCD (top) and IR (bottom) spectra of the melectin peptide in the solution of DOPC (a),
DOPC/DMPG 2:1 (b) liposomes.

(B) The VCD (top) and and IR (bottom) spectra of the antapin peptide in the solution of DOPC (a),
DOPC/DMPG 2:1 (b) liposomes.
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1. Introduction

Complex forming interactions of organic compounds with metal ions play very
important role in organic catalysis, biochemistry and related fields like clinical
diagnosis. Except these applications, an ability of organic compounds to bind
metal ions is often used for extractions or in analytical chemistry when they are
advantageously utilized for separation and/or determination of the various types
of compounds. Knowledge of the basic characteristics of the complexes (stoichio-
metry and stability constant) is relevant for optimization of the reaction/sepa-
ration conditions. However, the stability constants are much more frequently
determined in pure solvents than in mixed solvents [1]. On the other hand, it is
possible to follow the trend of changes of the stability constants in different
solvent mixtures and to estimate the stability constant value in the particular
composition of the mixed solvent.

The stability constants ( ), of the complexes can be determined by various
methods. The often used are calorimetry, chromatography, electromigration
methods, spectrophotometry, MS, NMR and voltammetry [2, 3]. The suitability of

Kst
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dibenzo-18-crown-6 with potassium ions
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Abstract

Affinity capillary electrophoresis was used for investigation of solvent effect
on stability constant of model complex of dibenzo-18-crown-6 with potassium
ion in mixed hydro-organic solvents at different water/methanol, water/etha-
nol and water/propan-2-ol ratios. The apparent stability constant was
obtained by non-linear regression analysis of the dependency of effective
electrophoretic mobility of the dibenzo-18-crown-6 on potassium ion concen-
tration in the background electrolyte. Prior to the regression analysis, the
measured effective electrophoretic mobilities of the dibenzo-18-crown-6
were recalculated to the constant ionic strength. The obtained apparent
stability constant of the complex was found to be strongly decreasing with
increasing molar fraction of water in mixed solvents.
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the methods for the stability determination mainly depends on stoichio-
metry and kinetic of the complexation and on solubility, accessibility and purity of
the interacting compounds.

The main advantage of the electromigration methods is the small sample and
electrolyte consumption and simplicity of the data evaluation [4, 5]. Moreover, the
use of the sensitive detection technique (mass spectrometry, fluorescence dete-
ction) allows the determination of stability constants of strong complexes and
complexes of slightly soluble compounds.

The aim of this study was to apply affinity capillary electrophoresis for
investigation of influence of composition of mixed hydro-organic water/meth-
anol, water/ethanol and water/propan-2-ol solvents on the stability constant of
dibenzo-18-crown-6 complex with potassium ion.

Dibenzo-18-crown-6 (98 %), methanol (HPLC grade), dimethyl sulfoxide
(≥ 99.5 %), potassium chloride (analytical grade) and acetic acid (≥ 99.8 %) were
purchased from Sigma-Aldrich, ethanol (absolute) and propan-2-ol were pur-
chased from Penta (Czech Republic).

A sis experiments were performed in Agilent 7100
CE System (Agilent). The internally uncoated fused silica capillary (375/50 μm,
OD/ID, 40/29 cm total/effective length) was used and UV-absorption detection at
206 nm was employed. The separation voltage varied from 6 kV to 26 kV. Back-
ground electrolyte consisted of 25 mM lithium hydroxide and acetic acid in
concentration necessary for constant pH = 5.5. Portion of methanol (ethanol,
propan-2-ol) in the solvent mixture varied from 0 to 100 % v/v. The pH was
calculated using the p values of acetic acid in the particular mixed solvents [6–8]
and measured by pH meter CyberScan PC 5500 equipped with glass electrode.
Concentration of potassium chloride in the background electrolyte varied from
0 to 10 mM (in the case of very weak complexes from 0 to 30 mM). Mixtures of the
analyte (6×10 M) and DMSO (0.3 % v/v) in the background electrolyte were
hydrodynamically introduced into the capillary by the pneumatically induced
pressure (12 mbar) for 3 s. For the data evaluation and stability constant calcu-
lation, the programs MS Excel 2010 and Origin 8.5.1 were used.

The effective electrophoretic mobility of the ligand (μ ) was calculated from
migration time of the ligand ( ) and marker of electroosmosis ( ) using
the equation

(1)

where and are the total and the effective capillary length and is the applied
separation voltage.

constant

ffinity capillary electrophore
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The obtained effective electrophoretic mobilitiy of the ligand was recalculated to
the effective electrophoretic mobility at constant ionic strength (μ ) using the
equation:

(2)

where μ is the mobility at zero ionic strength, is the ionic strength of the back-
ground electrolyte, is the ion size parameter, and are the viscosity, the
relative permittivity and the absolute temperature of the solvent, respectively.

Determination of stability constant of ligand-ion complexes by affinity capillary
electrophoresis is based on measurement of effective electrophoretic mobility of
the ligand in the presence of complexing ion in the background electrolyte. In this
study, the stability constant of dibenzo-18-crown-6 (ligand, L) complex with
potassium ion (general metal ion, M ) was determined by affinity capillary
electrophoresis in mixed hydro-organic solvents at different water/methanol,
water/ethanol and water/propan-2-ol ratios. In this method, the apparent sta-
bility constant of ML complex ( ) is obtained by nonlinear regression analysis of
dependency of effective electrophoretic mobility of the ligand on the concen-
tration of complexing ion in the background electrolyte using an equation:

(3)

where μ is the mobility of the complex ML. If the ligand interacts with some
other component of the background electrolyte, the mobility of the ligand in the
absence of metal cation ( ) is taken into account and eq. (3) is modified to
eq :

(4)

In this case, the obtained constant is called conditioned apparent stability
constant. The measured dependencies fitted with the eq. (3) or eq. (4) are shown
in Figure 1.
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Fig. .

,

1 Dependences of effective electrophoretic mobility of the ligand (dibenzo-18-crown-6) on
concentration of potassium ions in background electrolyte at different ratios of methanol/water (A),
ethanol/water (B) and propan-2-ol/water (C) mixed solvents.

Fig. 2. Dependences of logarithm of stability constant on (A) relative permittivity of the
water/methanol, water/ethanol and water/propan-2-ol mixed solvents, and on (B) molar fraction
of water in these mixed solvents.
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In order to find the solvent properties influencing the stability constant of the
complex, the obtained ln (or ln * ) were plotted as a function of relative per-
mittivity of the mixed solvents, which represents their relevant physico-chemical
parameter. Three different dependencies were obtained. The steepness of the
curves decreases as the polarity of the organic solvent decreases (Fig. 2A). Plotting
the dependency of the ln as a function of molar fraction of water in
water/organic solvent mixture (Fig. 2B) shows that the obtained in studied
water/organic solvent mixture are comparable up to molar fraction of water equal
to 0.5. The lower molar fraction of the water in the solvent mixture results in
different stability constants of the complex in the different mixtures of the same
molar fraction of water.

Affinity capillary electrophoresis study of dibenzo-18-crown-6 complex with
potassium ions in mixed hydro-organic solvents at different water/methanol and
water/ethanol ratios has shown that the stability constant of this complex is
strongly decreasing with increasing relative permittivity of the mixed solvents as
well as with increasing molar fraction of water in these mixed solvents. On the
other hand, the stability constant is almost independent of the above organic
solvent used up to 50 molar % of water in the water/organic solvent mixture.

KML K

K K

K

ML

ML ML

ML

(or ln * )

4. Conclusion

Acknowledgments

References

This work was supported by the Grant Agency of Charles University (GAUK 134215), the MEYS of CR
(project SVV 260205), the Czech Science Foundation (grants nos. 13-17224S, and 13-21409P), and
the Czech Academy of Sciences (project RVO 61388963).

Izatt , Pawlak K., Bradshaw , Bruening : (1991) 1721 2085.

[8] Bosch E., Rafols C., Roses M.: (1995), 109–119.

[1] Chem. Rev. , –

Anal. Chim. Acta

91

302

R.M. J.S. R.L.
[2] Chen Z., Weber S.G.: (2008), 738 748.
[3] Mironov G.G., Logie J., Okhonin V., Renaud J.B., Mayer P.M., Berezovski M.V.:

(2012), 1232 1240.
[4] Ehala S., Toman P., Makrlik E., Rathore R., Kasicka V.: (2012), 1812 1824.
[5] Dvorak M., Svobodova J., Benes M., Gas B.: (2013), 761 767.
[6] Shedlovsky T., Kay R.L.: (1956), 151 155.
[7] Grunwald E., Berkowitz B.J.: (1951), 4939–4944.

TrAC Trends Anal. Chem. –

J. Am. Soc. Mass

Spectrom. –

J. Solution Chem. –

Electrophoresis –

J. Phys. Chem. –

J. Am. Chem. Soc.

27

23

41

34

60

73

78 the 1Proceedings of 1th ISC Modern Analytical Chemistry Prague 2015▪



1. Introduction

Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous environmental contami-
nants which are produced during variety of combustion and pyrolysis processes
from anthropogenic and natural sources [1, 2]. The International Agency for
Research on Cancer included a number of them among substances with proven
carcinogenic effect [3]. Incidence of PAHs was observed in majority of foodstuffs.
Source of their contamination can be polluted environment but especially
industrial processing methods based on thermal treatment of food such as drying,
roasting, grilling and smoking, which permit direct contact between food and
combustion products [1, 2].

In general, PAHs are not present individually but in complex mixtures. Because
of the simplification of their analysis, benzo[ ]pyrene has been used as a marker
for the entire content of PAHs for a long time [1, 2]. In 2006, EU established
maximum permitted concentrations of benzo[a]pyrene in foodstuffs [4] but, in
addition, it strongly recommended also monitoring of other PAHs [5]. Later, the
European Food Safety Authority reported that benzo[ ]pyrene is not a suitable
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Abstract

The aim of the present work was to develop and validate simplified procedure
for isolation of benzo[ ]anthracene, benzo[ ]fluoranthene, benzo[ ]pyrene
and chrysene from smoked sausages. The novel method uses accelerated
solvent extraction for the simultaneous isolation and clean-up of PAHs fraction
in order to minimize consumption of solvents and chemicals, avoid losses of
analytes and also save time. For the elimination of post-extraction clean-up
step, activated silica gel as sorbent was applied directly to the accelerated
solvent extraction extraction cell to retain fats and prevent the extraction of
interfering compounds into PAHs fraction. The method passed through an in-
house validation procedure and met all requirements set by the Regulation
(EC) No 836/2011.
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indicator for the occurence of PAHs in food and proposed other reference
compounds, such as benzo[ ]anthracene, chrysene and benzo[ ]fluoran-
thene [6]. Consequently, both maximum content of benzo[ ]pyrene and the sum
of all four compounds (PAH4) were established by the EC regulation
No. 835/2011 [7]. For smoked meat products, the actual maximum benzo[ ]py-
rene content is 2 μg/kg and maximum content of PAH4 is 12 μg/kg [7].

One of the main difficulties related with the analysis of PAHs in smoked meat
products is their high fat content (e.g. lipids, triglycerides, fatty acids). For that
reason, the extraction of PAHs from these matrices is usually laborious and time
consuming, and presents crucial step of the analysis [2]. Several articles were
published in order to review the extraction methodologies which are currently
applied in the determination of PAHs in food [2, 8]. Accelerated solvent extraction
is one of the reported techniques, which has been successfully used for the
extraction of PAHs from fatty matrices. It combines effect of elevated temperature
and pressure to achieve very effective and fast extraction and entire process is
fully automated, performed in minutes [9]. Moreover, accelerated solvent extra-
ction allows the combination of extraction and pre-separation procedure in one
analytical step [10, 11]. Thus, the aim of the present study was to develop and
validate new method applying accelerated solvent extraction for simultaneous
isolation and clean-up of PAH4 fraction from smoked sausages.

Benzo[ ]anthracene, benzo[ ]fluoranthene, benzo[ ]pyrene, and chrysene
applied as standards were of analytical grade, purchased from Supelco in solid
state. Standards were dissolved in acetonitrile to prepare standard solutions for
spiking purposes. Poly(acrylic acid), partial sodium salt-graft-poly(ethylene
oxide) was of analytical grade, purchased from Sigma Aldrich in solid state. Silica
gel 40 was of analytical grade, purchased from Merck. Before the experiments, it
was activated at 140 °C over 18 h. -Hexane and acetone of analytical grade and
acetonitrile and methanol of HPLC grade were purchased from Merck. Certified
reference material Food Analysis Performance Assessment Scheme (FAPAS)
Smoked Meat Product Ref. No. T0652QC with declared content of PAHs
(benzo[ ]anthracene 3.26 μg/kg, benzo[ ]pyrene 0.54 μg/kg and chrysene
2.69 μg/kg) was purchased from the Food and Environment Research Agency
(Sand Hutton, UK). Samples of smoked sausages, with fat content ranging between
48 and 52 %, were bought in local shops in Slovakia.

For extraction, about 1 g of homogenized smoked sausage or reference material,
mixed with the same amount of the drying material poly(acrylic acid), partial

a b
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2.2 Instrumentation

2. Experimental
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sodium salt-graft-poly(ethylene oxide) was used. A 33-ml extraction cell was
plunged with cellulose microfibre filter at the outlet. Then, 10 g of activated silica
gel was put into the extraction cell. Subsequently, the sample was added and
covered by the another microfibre filter.

The extraction was performed using accelerated solvent extraction equipment
(ASE 350 Dionex) using -hexane at 100 °C and 10 MPa at a static time of 10 min.
The flush volume was 60% and the purge time 120 s [12]. Static cycle was
accomplished three times. Then, the extract was evaporated in a water bath to
dryness (40 °C) using a nitrogen stream. The residuum was dissolved in aceto-
nitrile and analysed by HPLC with fluorescence detection.

HPLC analyses were carried out with Shimadzu equipment. The analytical
separation was performed on Zorbax Eclipse XDB-C18 (100 mm×4.6 mm×1.8 μm)
column connected to guard column Zorbax Eclipse PAH (12.5 mm×4.6 mm×5 μm)
(Agilent) using isocratic elution with mobile phase acetonitrile/water 70:30 (v/v)
at a flow rate 1.2 ml/min. A fluorescence detector operated at excitation/emission
wavelength 260/410 nm for benzo[ ]pyrene, 275/385 nm for benzo[ ]anthra-
cene and chrysene and 256/446 nm for fluoranthene.

The fat content determination was adopted from Lund et al. [11]. The presence
of fats in extracts was confirmed by measuring UV-VIS spectra of extracts and
visually from non-retained fats crystallised in vials after the evaporation of eluate.

Despite of the indisputable advantages, accelerated solvent extraction is not
selective extraction technique and it needs additional clean-up of extract, often
more difficult and time consuming than the process of isolation. In the case of
samples with high content of fat, such as smoked meat products, the most
common clean-up procedure is gel permeation chromatography followed by the
solid phase extraction. Jira [12] described and validated method included above
mentioned techniques for analysis of PAHs consisting of from four to six rings.

However, also an integrated approach including isolation and clean-up of
extract in one step is possible. First, Björklund et al. [10] studied possibilities of
the lipid-free extraction of PCBs from fat containing matrices using five different
fat retainers added directly into accelerated solvent extraction extraction cell.
Later, Lund et al. [11] developed and validated accelerated solvent extraction
method integrating extraction and fat retention in one single analytical step,
which was applied for isolation of PAHs from fish products. However, they
concluded that the experimental conditions can not be directly scaled to the
different volumes of extraction cells, amount of fat retainers or sample matrices,
respectively. Therefore, presented experiments were aimed at the development of
concrete experimental conditions applicable for simultaneous extraction and
clean-up of PAH4 fraction from smoked sausages.

n

a a

benzo[ ]a

3. Results and discussion
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On the basis of above mentioned study carried out by Lund et al. [11], silica gel
activated at 140 °C for 18 h was chosen as the most suitable fat retainer. The
amount of sorbent, sufficient for the selective extraction of PAHs, was optimized
using reference material, when the fat-to-fat retainer ratio was tested at three
levels 0.03, 0.05 and 0.1 (Table 1). The fat-to-fat retainer ratio 0.1 was insufficient
for complete removal of fats and other nonpolar impurities, such as carotenoids
from spice and paprika. On the contrary, ratio 0.03 proved clean
extract suitable for direct HPLC analysis, but the obtained recovery of PAH4 was
low, indicating, that significant part of analytes was retained along with fats in
layer of silica gel. Only ratio 0.05 was able to provide clean extract and also
required recovery of PAH4.

Next parameter significantly affecting PAHs recovery was number of static
cycles (Table 1). Extraction of the reference material was carried out with one, two
and three static cycles. Only applying of three static cycles provided almost 100%
recovery.

Regulation (EC) No 836/2011 [13] defines performance criteria for methods of
PAHs analysis in food. In accordance with the regulation, parameters such as
specifity, linearity, limit of detection and limit of quantification values, repeat-
ability, reproducibility and recovery, were calculated.

Specifity was tested for coeluting impurities and spectral interferences during
HPLC analysis. As it can be seen from Fig. 1, PAH4 were separated from each other
while coeluting impurities were not observed.

Linearity of detector response was checked through calibration curves which
were obtained by the linear regression of the peak area versus concentration of
individual PAHs in injected solutions ranging from 0.1 μg/L to 15 μg/L. The
calculated coefficients of determination were above 0.99 for all compounds
(Table 2). Limit of detection and limit of quantification were calculated using the

fat-to-fat retainer
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Optimized parameters Recovery [%] RSD [%]

FFR value 0.1 – –
0.05 98 4.6
0.03 77 6.8

Number 1 15 15.2

3 98 6.7

Determined in triplicate
Recovery was not carried out due to presence of
coloured impurities from spice

a

b

b

of static cycles 2 78 9.5

a

Table 1

Recovery of PAH4 from reference materials using various fat-to-fat retainer ratios and numbers of
static cycles.



Table 2

Values of coefficient of determination, limit of detection, and limit of quantification for
chromatographic determination of PAH4 calculated in the concentration range 0.10–15.00 μg/L.

Compound [μg/kg] [μg/kg]

benzo[ ]anthracene 0.99997 0.12 0.41
chrysene 0.99988 0.23 0.43
benzo[ ]pyrene 0.99999 0.12 0.31
benzo[ ]fluoranthene 0.99998 0.11 0.32

R LOD LOQ

a

a

b

2

Fig. .1 Chromatographic record of studied PAHs in (A) smoked sausage, and (B) smoked sausage
spiked with 5 μg/kg of each compound.

program LCSolution (Shimadzu) and, as it can be seen from Table 3, they met
European Commission criteria [13], which set these values at 0.30 or 0.90 μg/kg,
respectively.

Precision was assessed by the calculating of the Horwitz ratio in repeatability
(HORRAT ) and reproducibility (HORRAT ) conditions. For evaluation of repeat-
ability, commercial smoked sausages were analysed before and after spiking at
individual PAHs content 0.5, 5 and 10 μg/kg in six replicates for each level. For
reproducibility, analyses of commercial smoked sausages spiked at concentration
level 5 μg/kg were carried out by the different analysts and also various (but of the
same type) detectors were used. As follows from Table 3, HORRAT and HORRAT
values ranged between 0.09 and 0.4 for all studied PAHs and thus, met the
performance criterion currently set at value 2 (ref. [13]).

r R

r R
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The mean recovery of individual PAHs was then calculated. According to the
performance criterion [13], recovery must be between 50 and 120%. As shown in
Table 3, recovery achieved by the experiments ranged between 74±7 and
109±11% for all PAHs, which is in good accordance with the regulation.

Finally, the validated method was tested by the analysis of certified reference
material FAPAS, reference number T0652QC Smoked Meat Product, with known
content of benzo[ ]anthracene, benzo[ ]pyrene and chrysene, while the content
of benzo[ ]fluoranthene was not declared. As shown in Table 4, three PAHs were

a a

b
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Analyte Repeatability Recovery Reproducibility

Average RSD HORRAT
content [%]
[μg/kg]

benzo[ ]anthracene 0.51±0.09 20.1 0.40 99±20
3.9±0.4 10.8 0.29 74±7 5.2±0.2 4.4 0.13
8.9±0.7 8.1 0.25 81±7

chrysene 0.47±0.09 19.2 0.38 98±19
5.1±0.3 5.7 0.16 102±5 6.5±0.7 10.1 0.3
7.7±0.6 8.0 0.24 88±6

benzo[ ]pyrene 0.51±0.05 9.5 0.19 109±11
4.1±0.4 9.5 0.26 91±8 4.3±0.5 11.6 0.32
109±11 6.0 0.19 89±6

benzo[ ]fluoranthene 0.50±0.05 10.3 0.20 108±11
4.3±0.2 3.4 0.09 84±3 4.1±0.2 4.5 11.6
9.3±0.4 4.8 0.15 91±4

[%]
Average RSD HORRAT
content [%]
[μg/kg]

r r R R

a

a

b

Table 3

Repeatability, recovery and reproducibility of PAH4 in smoked sausages.

Analyte Average value calculated on
the basis of experimental data

[μg/kg]

benzo[ ]anthracene 4.00±0.50 1.83–4.70
chrysene 3.20±0.20 1.51–3.88
benzo[ ]pyrene 0.36±0.08 –
benzo[ ]fluoranthene 0.45±0.04 0.30 0.78

Range for | |≤2 is the concentration range within the limits of ±2 scores.
The assigned values and their range were established from the proficiency
test data and are suitable for use by laboratories as a fit-for-purpose quality
control measure.

Range for | |≤2
[μg/kg]

a z

a

a

b

z za

Table 4

Results of analysis of reference certified material FAPAS matrix Ref. No. T0652QC Smoked Meat
Product.



determined within the declared range set by the producer of material. The content
of benzo[ ]fluoranthene was quantified despite the fact that its content was not
declared.

On the basis of experimental obtained data, it is possible to postulate that accele-
rated solvent extraction is extraction technique suitable for the isolation of PAHs
from smoked meat sausages. Moreover, after selecting of optimum fat/silica gel
mass ratio for removal of impurities extracted along with PAHs, accelerated
solvent extraction can be advantageously used for the simultaneous isolation and
clean-up of the PAHs fraction and allows direct analysis of extract by HPLC.
Described procedure significantly shortens duration of analysis, reduces handling
the sample and minimize consumption of used chemicals. As revealed presented
results of in-house validation procedure, the new method meets all requirements
set by the Regulation (EC) No 836/2011 [13].

b

4. Conclusions
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1. Introduction

The Arctic encompasses the lands and waters north of 60° latitude including
approximately 20 million km of ocean, all of Iceland and Greenland, the northern
reaches of Norway, Finland, Russia, Canada north of the southern shore of Hudson
Bay and Alaska north of the panhandle in the United States [1].

The Svalbard Archipelago is located at the NW limit of the European conti-
nental shelf between 76.50–80.80 °N and 10–34 °E [2]. It is one of ten the most
glaciated areas in the Arctic. The total area of Svalbard is 62 800 km and glaciers
cover 36 600 km (about 60%) [3]. During the past decade, the Arctic has under-
gone dramatic change and it is not consider a pristine region any more. An interest
in the processes of transport of wide range of pollutants and them fate in polar
regions located distantly from industrial centers is still increasing. The current
analytical techniques enabling conducting studies prove that the Arctic has
become an area of highly intensive anthropopressure and it is possible to recog-
nize considerably low but still harmful and persisting levels of pollutants
concentration present there [4, 5].

Chemical substances of anthropogenic origin that appear in polar regions are
often considered as persistent organic pollutants-POPs (e.g. PAH, PCB, DDT),
metals, phenols, formaldehyde and radioactive isotopes. Accumulation of these
compounds in northern latitudes is a well-documented phenomenon and it is

2

2

2
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thought to occur for a variety of reasons. In a process known as a global distil-
lation, prevailing ocean and wind currents bring contaminants to the Arctic where
they are subsequently trapped in all kinds of environmental reservoirs by the cold
climate. This process is often called the grasshopper effect, as chemicals
repeatedly evaporate and condense as long as they reach the Arctic. Besides the
long-range transport of pollutants, contaminants appearing in Svalbard are also
the consequence of some small local sources such as military installations,
industrial outlets, settlements and ships [6].

The study area covered the southern part of Wedel-Jarlsberg Land-Spitsbergen
(Svalbard Archipelago). The primary study object was the Revelva catchment in
the vicinity of Polish Polar Station at Hornsund (Fig. 1). The main river (Revelva)
is fed both directly by atmospheric precipitation, snow melt water streams and
a river originating from the Arie G

(635 m asl). The Revelva catchment has only one small glacierised part but past
glacial activity has left traces in its upper part. The bottom part of the Revelva
valley is an elevated marine terrace, with abrasion stacks. On the terrace, areas of
patterned ground and contemporary storm ridges have been formed. The
diversity of the catchment landscape provides an ideal setting for a compre-
hensive study of processes of pollutants deposition in different parts of the abiotic
environment [7].

2. Experimental

2.1 Study area

lacier. Revelva drains into the bay of Ariebukta in
the south, forming an estuary. In the upper part of the catchment, the main
streams originate from the slopes of Eimfjellet (640 m asl) and Skålfjellet

Fig. .1 The map of Svalbard taking into account location of the Revelva catchment.
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2.2 Sampling

2.3 Analytical Methods

Surface water samples were collected from the Revelva catchment (9 water sam-
ples collected from the Revatnet Lake and 1 sample collected from the river) every
summer from July 2010 to July 2013 in the vicinity of the Polish Polar Station at
Hornsund. Samples were collected using a manual sampling technique and stored
under refrigerated conditions.

The samples were transported to the laboratory of the Department of Analytical
Chemistry (Gdansk University of Technology) in tightly closed bottles and stored
at a temperature of 4 °C (to avoid the loss of analytes) until chemical analysis.
Information on the analytical techniques used to determine total organic carbon
(TOC), pH, electrical conductivity, sum of phenols and formaldehyde with their
metro-logical characteristics are given in table 1.

The demineralized water Mili-Q type obtained from apparatus Mili-Q®
Ultrapure Water Purification Systems (Milipore® production) was used in
chemical analysis.

Parameter Measurement equipment and method

TOC [mg/L] 0.030 0.100 Total Organic Carbon Analyzer
TOC-VCSH/CSN, SHIMADZU (method of
catalytic combustion (oxidation) with the
application of the NDIR detector)

Electrical conductivity [μS/cm] – Conductometr OK-102/1, RADELIKS
(conductivity method)

pH pHmetr CX-401 ELMETRON
(potentiometric method)

Sum of phenols [mg/L] 0.025 0.075 Absorbance measured at 495 nm
using Spectroquant Pharo 100

Formaldehyde [mg/L] 0.02 0.06 Absorbance measured at 585 nm

LOD LOQa a

a

–

– –

using Spectroquant Pharo 100

The limit of detection ( ) and the limit of quantitation ( ) were calculated based on the
standard deviation of the response ( ) and the slope of the calibration curve ( ), according to
the formulas: = 3.3( / ), = 10( / )

LOD LOQ

s b

LOD s b LOQ s b

Table 1

Technical specifications and metrological characteristics of analytical techniques used in chemical
analysis.
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3. Results and discussion

Total organic carbon (TOC) is the amount of carbon bound in an organic
compound and it is the sum of suspended and dissolved organic carbon. This
constitutes a huge range of compounds with a variety of properties. TOC is
released to environment from natural (metabolism, excretion and deposition of
organisms) and anthropogenic (sewage treatment plants, farm slurry, silage
runoff) sources. As well as TOC, in polar environmental samples formaldehyde
and sum of phenols may be found. They constitute a significant amount of
pollutants transported to the Arctic from lower latitudes [8]. In the Fig. 2, there are
shown the average values of sum of phenols and formaldehyde concentration
levels observed in collected samples from summer 2010 to 2013.

Significantly high concentration levels of formaldehyde in 2012 may be caused
due to increased emission of pollutants from industrialized areas compared with
other years and its transport to the Arctic. It can be also observed an increasing
trend in phenols concentration levels over 4 years that may be an important
indicator of climate change.

The hydrochemical studies of polar areas were carried out over many years in
the surroundings of Polish Polar Station at Hornsund, also in the catchment of

Fig. 2. The average values of phenols and formaldehyde concentration levels in samples collected
every summer from 2010 to 2013 from Revelva catchment.
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Revelva and demonstrated high hydrochemical variability. In these studies, it may
be observed that surface water samples were characterised by slightly acidic pH
(Fig. 3.).

The highest determined levels of total organic carbon and electrical
conductivity were observed in samples collected in summer 2013. The average
value of total organic carbon this year was 9.54 mg/L and electrical conductivity
increased to 63.0 μS/cm. The lowest average values of these parameters were
observed in two previous years. Summing up, TOC and electrical conductivity
parameter are strongly related: higher conductivity reflects higher sample
pollution. However higher level of EC may also suggests the presence of other
chemical compounds in analysed samples which do not contain organic carbon.

In the Fig. 4, there are shown correlations between sum of phenols,
formaldehyde and total organic carbon. The correlation between TOC and sum of
phenols is visible on the graph below (Fig. 4A). It may be stated that with the
increase of sum of phenols concentrations, total organic carbon concentration
levels also increase. Another situation is presented on the next graph (Fig. 4B).
Even though the concentration levels of TOC are still higher than formaldehyde
content, the correlation between these compounds is altered. For instance, in
summer 2013, concentration levels of TOC reached almost 10.0 mg/L and
formaldehyde content in surface water samples were practically insignificant that

Fig. 3. The average values of pH, electrical conductivity and total organic carbon in analysed
samples.
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Fig. 4.

.

The average values of sum of phenols, formaldehyde and total organic carbon in analysed
samples

year. It can be explained by the occurrence of other carbon compounds in the
Arctic such as black carbon (BC) which emitted into the atmosphere, warms the
Arctic in two days or methane.

Water reservoirs contain carbon in various forms. In the ocean, dissolved
organic carbon comes from decaying biological material. Dissolved inorganic
carbon includes carbon dioxide and other simple molecules and ions containing
carbon. Both organic and inorganic are also present in particulates. Lakes and
rivers are responsible for most of the direct transport of carbon from land to
ocean. The Arctic holds 36% of the world’s lake surface area and accounts for 10%
of global river discharge to the ocean. Taking the same proportions of estimates of
global freshwater carbon releases gives an estimate for the Arctic of 25–54 million
tonnes of carbon from lakes each year and 15-30 million tonnes from rivers [10].

According to actual scientific knowledge, a wide range of pollutants are
transported and distributed throughout the Arctic via natural distribution
pathways including the atmosphere, transpolar ice drift, ocean currents and
rivers [9]. The results of analyses of surface water samples from the Revelva
catchment show an increasing trend in pollutants concentration levels over the
years. It may suggests that each year the emission of contaminants from lower
latitudes is bigger and more of them are deposited in the Arctic what may serve as
early warning signal of expected climate change. During the past few decades,
monitoring and fate studies of pollutants in the Arctic have been conducted mainly

4. Conclusions
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in the marine environment and the surrounding coastal zones. Only a few
comprehensive studies exist on the fate and distribution of pollutants in the
terrestrial environment and freshwater reservoirs [9]. Therefore, it is important
to continue monitoring contaminants concentration levels of whole area and to
develop current analytical techniques for all kinds of xenobiotics determination
because even low pollutants concentration levels in polar regions may suggest a
significant contamination of studied area.
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1. Introduction

Sample preparation represents one of the cornerstones of analytical procedures.
Its main requirements are the extraction of analytes from a complex biological
matrix and their transformation into forms compatible with the analytical
technique used while also removing the interfering matrix components. When
metabolites are present in low concentrations in the samples, preconcentration is
often needed in addition to extraction to make the analyte determination with the
selected technique possible. The sample preparation should be simple and uni-
versal because every sample preparation step causes losses of the analytes. The
methods for the extraction of highly polar analytes from aqueous samples have
particularly low yields of extraction. Currently the development of methods
allowing the reduction or elimination of sample preparation steps needed is
preferred. Minimisation of sample preparation steps also reduces the time and
cost of analyses [1]. The most common solventless extraction methods are head-
space techniques, direct aqueous injection (DAI), solid phase microextraction
(SPME), needle trap extraction etc. Needle traps represent a robust and promising
tool for sample pretreatment combining the advantages of SPE and SPME [2]. One
of their main advantages is their robustness compared to SPME and that they do
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Abstract

Work was focused on the development of INCAT, a solventless microextraction
technique with adsorbents inside a steel needle. The device was used for the
extraction and preconcentration of volatile compounds, subsequently ana-
lysed by gas chromatographic methods. The sorption characteristics of INCAT
devices with different sorbents were compared and the device with sorbents
Chromosorb W + 20% SE-54, Carbopack X and Carboxen 1000 (in 1:1:1 v/v
ratio) was applied for the analysis of volatile organic compounds in urine
samples of patients with metabolic diseases.
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not need a special desorber, they fit into the heated GC injector port [3]. The use of
needle traps with a single adsorbent was proved in the field of environmental
monitoring [4–7]. The analysis of complex samples containing analytes in a wide
range of polarity and volatility need a multilayered needle trap with different
adsorbents. Inside needle capillary adsorption trap ( ) is a needle trap deve-
loped by Kubinec et al [5, 8, 9]. This device is more robust than most needle traps
or SPME and gives comparable results [9].

Modern medicine is based on the idea that the analysis of blood, urine, tissues
and other body fluids and gases can give insights and information needed for the
diagnosis of diseases, for the monitoring of the diseases or their therapy [10]. New
diagnostic methods must not represent any risk for the patient even when
frequently repeated and have to provide more information than is obtained from
the routine blood and urine tests.

Gas chromatography with FID or MS detection still represents the golden
standard in the analysis of volatile metabolites. Detection by MS/MS is still
relatively rarely used because of the high variability of settings and unavailability
of commercial MS/MS spectral libraries.

This work was focused on the development of an INCAT device enabling the
preconcentration and extraction of volatile compounds in urine samples and their
subsequent GC-MS analysis. The aim was not the quantitative analysis of volatile
compounds present in urine samples, but the development of a new method
enabling the determination of volatile compounds in this matrix. Quantification
and statistical analysis of the obtained results will be the topic of another work.

For the analysis of volatile metabolites in urine samples active mode of sampling
was used. The samples were preconcentrated by microextraction technique
INCAT. INCAT devices were prepared from stainless steel needles (1.3/1.1 and
1.1/0.9 mm o.d./i.d., 80 mm long), sorbents Chromosorb W + 20% SE-54, Carbo-
pack X and Carboxen 1000 (in 1:1:1 v/v ratio). Sampling of urine samples was
carried out using a Neuberger KNF Laboport N86KT.18 membrane pump by
drawing a constant volume of gaseous samples 500 mL.

Gas chromatographic analyses were performed using a Network GC System
6890N (Agilent Technologies) gas chromatograph with a 5973N MSD (Agilent
Technologies) MS detector operating in SCAN mode. Chromatographic separation
was carried out on a 60 m × 0.32 mm × 5 μm DB-1 capillary column. Samples were
injected in splitless mode with splitless time set to 3 minutes. The better

INCAT

2. Experimental

2.1 Materials

2.2 Instrumentation
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desorption of the analytes from the INCAT device was achieved by using a special
metal liner in the injector [5]. Helium was used as a carrier gas with constant
pressure at the injector 121 kPa. Injector temperature was set to 280 °C. The oven
temperature was set to 20 °C for 3 minutes and gradually increased to 280 °C at a
rate of 10 °C/min and was held for 13 minutes.

INCAT device was prepared from an 80 mm long stainless steel needle with outer
diameter 1.3 mm and inner diameter 1.1 mm. A 0.6 mm diameter side hole was
drilled into this needle 30 mm from its end and a thread was cut into the end. Into
the front part a 5 mm long frit was inserted which was previously prepared from
a 1.1/0.9 mm stainless steel needle filled and sintered with 0.125–0.2 mm glass
beads. The needle tip was made round and smooth to avoid septum tearing during
sample injection. The device was then filled with the selected adsorbents and a
second frit was inserted between the adsorbents and the side hole to fix the
position of the adsorbents. The side hole served for the better desorption of
the analytes from the INCAT device as its position was chosen thus the carrier gas
could flow through it in the injector of the gas chromatograph. During sampling
the side hole must be covered to prevent the device from the collection of outdoor
air. That is why tubings from teflon (because of its inertness) and silicone (because
of its good sealing ability) were used to cover the side hole during sampling. To the
end part of the INCAT device a closing valve was attached. The scheme of the
INCAT device is shown on Fig. 1.

The aim of this work was the development of an INCAT device enabling the
sampling of compounds in a wide range of volatility. The sorption-desorption
characteristics of INCAT devices were tested by filling the devices with different
adsorbents and analysing a mixture of -alkanes C –C . Various types of adsor-
bents were tested and based on the obtained results Chromosorb W + 20% SE-54,
Carbopack X and Carboxen 1000 were chosen as presented on Fig. 2.

3. Results and discussion

n 6 16
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Fig. .1 Scheme of INCAT device: (A) sampling valve, (B) side hole, (C) teflon and silicone sealing,
(D) frit with sintered glass beads, (E– G) adsorbents.



As can be seen from Fig. 2, each INCAT device has different
sorption characteri-stics for the tested -alkane mixture. The
INCAT device containing only Carboxen 1000 enables the
quantitative sorption of all alkanes, but the higher alkanes
cannot be desorbed. The INCAT device with Chromosorb W
only does not allow the sorption of alkanes <C , but all the
higher are desorbed quantitatively. The INCAT device
containing three different adsorbents in the same propor-
tion was the best option for the sorption-desorption of the
widest range of alkanes.

10 mL of urine samples were transferred into a 60 mL vial.
This ratio ensured enough space for the forming foam
without its connection with the INCAT device. As can be seen
from Fig. 3, the INCAT device was pierced through the vial
septum together with a capillary securing the supply of pure
nitrogen. Using nitrogen as an inert gas served for the
reduction of contamination during urine sampling by active
sampling. The amount of collected gas phase was 500 mL.

n

12
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Fig. 2. Peak areas of alkanes C –C after the desorption from INCAT devices packed with different
sorbents.

6 16

N2 Pump

Fig. 3. Sampling of
volatile analytes from
urine samples by
INCAT device.

Figure 4 shows a chromatogram of a urine sample from a patient with a meta-
bolic disease. As we can see ketonic compounds are present at higher concentra-
tion in this sample compared to the urine sample of a healthy individual.



4. Conclusions

This work was focused on the development of an INCAT device enabling the
preconcentration and extraction of volatile compounds in urine samples and their
subsequent GC-MS analysis. By selecting adsorbents ensuring good sorption-
-desorption characteristics of the INCAT device in a wide range of volatility we
developed an INCAT device enabling the sampling, preconcentration, extraction
and injection of volatile compounds in urine into the GC system. The results prove
that by using the developed sample preparation method volatile metabolites
indicating diseased health state can be analysed without the need of derivati-
sation or sample modification.
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1. Introduction

17β-estradiol (estradiol) is main human estrogen responsible for development
and function of female gonadal system [1]. This sex hormone is crucial for
regulation of menstrual cycle and maintenance of pregnancy in women; in much
lesser extent takes part in various biochemical processes within the organism in
both males and females [2]. Estrogens originate in steroidogenesis with estradiol
being the main product and most potent human estrogen. Mean daily production
of estradiol in women is 1.7–4.6 μg/day and usually elevates to 340 600 μg/day
during pregnancy [3]. It is released into the bloodstream and transported to
tissues with specific estrogen receptors which enable estrogen action [4].
Estradiol is excreted in urine mostly in the form of conjugates with glucuronic or
sulphuric acid, but still with small portion remaining in free form. High levels of
estrogens are associated with breast and ovary cancer [5, 6] in females and
prostate cancer in males [7]; due to this fact, analysis of estrogens is very popular

–
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Abstract

A new microextraction protocol was tested for the isolation of 17β-estradiol,
a main human estrogen, from urine

and densitometric (λ = 430 nm) detection.

. Dispersive liquid–liquid microextraction
(DLLME) was selected owing to its simplicity, rapidity and preconcentration
factor, due to complex character of urine sample and low concentration of
analyte. In order to attain efficient extraction, several parameters, including
type and volume of extraction solvent and dispersive solvent, salt addition,
extraction time, and centrifugation conditions, were studied. The optimal con-
ditions were achieved after rapid injection of methanol (dispersive solvent)
and tetrachloroethane (extraction solvent) mixture (9:1; v/v) into urine
sample with addition of 1 M NaCl, thus achieving sample pH ≥ 10. Efficiency of
DLLME procedure was evaluated by thin-layer chromatography with chemical

Method provided linearity within
concentration range 0.1–1.0 mg/mL ( = 0.9965) and = 0.1 mg/mL.
Proposed method was applied to the analysis of free estradiol in real human
pregnancy urine.
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mainly in environmental water samples [8, 9]. Liquid chromatographic methods,
primarily HPLC, are the most commonly used for quantification of estrogens
owing to their high sensitivity [10, 11]. Still, sample pretreatment remains
obligatory, mainly in biological sample analysis, due to complex character of the
sample and low concentration of estrogens (ng/L).

Dispersive liquid-liquid microextraction (DLLME) is a novel microextraction
technique introduced in 2006 [12]. It is a simple and fast sample preparation
technique offering high preconcentration factors and recovery. DLLME consists of
ternary solvent system in which a dispersive solvent causes dispersion of an extra-
ction solvent into the sample thus enlarging the phase boundary and allowing
rapid extraction of desired analyte. A mixture of extraction and dispersive
solvents is rapidly injected into the aqueous sample with a syringe leading to the
formation of tiny droplets. After centrifugation, sedimented organic drop of extra-
ction solvent containing analyte of interest is removed with a microsyringe and
injected into compatible analytical system (Fig. 1) [13].

DLLME was introduced as an extraction technique for organic compounds
from water samples and has later developed to be suitable for extraction of
analytes from more complex samples, including biological [14]. Few DLLME
protocols for extraction of estrogens have been described [15–19]; however all of
them were limited to water samples. This work aims to test applicability of DLLME
for estradiol extraction from urine samples. Thin-layer chromatography (TLC)
was used for preliminary testing of DLLME due to the possibility of simultaneous
analysis of larger group of samples that allows relatively fast evaluation of
numerous samples despite its lower sensitivity when compared to HPLC.
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Fig. .1 Scheme of dispersive liquid–liquid microextraction procedure [13].



2. Experimental

3. Results and discussion

2.1 Reagents and chemicals

2.2 Instrumentation

A standard of 17β-estradiol (Cayman, USA) dissolved in methanol was prepared
as stock solution which was thereafter used for preparation of working solutions
throughout the experiment.

930 (Shimadzu, Japan) at λ = 430

For DLLME, methanol, tetrachloroethane, tetra-
chloromethane, acetone, chloroform, NaCl, Na CO , K CO were used. For TLC,
toluene and ethanol were used as components of mobile phase. 10% solution of
phosphomolybdic acid in methanol was used as postchromatographic detection
reagent. All chemicals were of analytical grade. Model urine samples for DLLME
testing were prepared by adding standard solution of estradiol into urine of
a 3-year old boy, thus reaching concentration 0.5 mg/mL. Also, urine sample
of a woman in 26th week of pregnancy was used for testing the application of
optimized method.

DLLME was accomplished using end-capped plastic 5 mL test tubes, 100 μL micro-
syringe (Hamilton, Switzerland), centrifuge MPW-310 (Poland). For chro-
matographic analysis, a microsyringe (Hamilton, Switzerland) was used for
application of samples (0.3 μL) to the alumina plates with silica gel coating
ALUGRAM Sil G/ UV 254 (Macherey-Nagel, Germany) which were thereafter
placed into a vertical chromatographic chamber (Lublin, Poland) saturated with
vapors of mobile phase, mixture of toluene-ethanol (9:1; v/v). Developed TLC
plates were dried in a stream of air at laboratory temperature and then were sub-
jected to postchromatographic detection. First, TLC plates were shortly (1–2 s)
dipped into 10% solution [20] and heated for approxi-
mately 10 minutes in oven to 110 °C for specific development of dark blue spots of
estrogens on greenish background. Finally, TLC plates were evaluated on densito-
meter CS- nm.

Analysis of estrogens is very common due to potential carcinogenic character of
these compounds. Because of difficult analysis of estrogens in biological matrices,
use of sample-pretreatment methods is crucial for the following analysis,
particularly for matrix effect reduction and preconcentration of low amounts of
estrogens in such complex samples.

DLLME procedure can be significantly influenced by different factors, such as
the volume of extraction and dispersive solvents, extraction time or centrifugation
conditions. The selection of the dispersive and extraction solvents is of great
importance for the DLLME procedure in order to obtain good extraction. The

2 33 2

phosphomolybdic acid
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requirement for extraction solvent is higher density than water, good extraction
capacity for the target compounds and low miscibility in water. On the other hand,
high miscibility with dispersive solvent is mandatory. Three halogenated solvents
were studied: chloroform (density 1.5 g/mL), tetrachloromethane (density
1.6 g/mL) and tetrachloroethane (density 1.6 g/mL). The dispersive solvent must
be miscible in both the aqueous sample and the extraction solvent. Two dispersive
solvents were tested with combination with selected extraction solvents:
methanol and acetone. Five hundred microlitres of dispersive solvent were mixed
with 50 μL of each of extraction solvents before injecting into the sample. These
extractions resulted in very poor formation of final organic drop, except for the
combination of methanol and tetrachloroethane which was therefore chosen.
Various ratios of these two solvents were tested reaching highest efficiency when
injecting 500 μL of methanol-tetrachloroethane (9:1; v/v) mixture.

The main problem to deal with during optimization of extraction protocol was
the complex character of urine sample resulting in formation of tough preci-
pitation sediment during the final centrifugation thus disabling the removal of
organic drop. For solving this problem, addition of salt solution was employed.
Three types of salt (K CO , Na CO , NaCl) were tested. Only 1 M NaCl significantly
improved the progress of extraction. Various extraction times were investigated
within the range 30–120 s and it showed that the time does not affect the
extraction efficiency significantly. The samples were centrifuged for 5 minutes at
4000 and 10,000 rpm demonstrating better formation of organic drop at
10,000 rpm.

DLLME extracts were analysed by thin-layer chromatography with chemical
and densitometric detection. The preliminary overall recovery of DLLME method
was 93.1% for model urine sample containing 0.5 mg/mL estradiol. The method
provided good linearity within concentration range 0.1–1.0 mg/mL ( = 0.9965)
with = 0.1 mg/mL. Proposed method was applied to the analysis of free estra-
diol in real human pregnancy urine (26th week of pregnancy) when 0.3 mg/mL
estradiol was determined in DLLME extract (Figure 2).

2 3

2

3 2

R

LOD
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Fig. 2. Densitogram of a real human pregnancy
urine (26th week of pregnancy) after disper-
sive liquid–liquid microextraction. Stationary
phase: silica gel; mobile phase: toluene:etha-
nol (9:1; v/v); sample volume: 0.3 μL; chemical
(10% PMA) and densitometric (λ = 430 nm)
detection.



4. Conclusions

A preliminary testing of DLLME procedure for isolation of estradiol from urine
sample was carried out in this work. Parameters, such as type and volume of
extraction and dispersive solvent, salt addition, extraction time and
centrifugation conditions were investigated. Optimum conditions were reached
after rapid injection of 500 μL methanol-tetrachloroethane (9:1; v/v) mixture to
urine sample alkalized with 1 M NaCl to pH ≥ 10. The samples were thereafter
centrifuged at 10 000 rpm for 5 minutes. The experiment showed no significant
effect of extraction time on the recovery of estradiol. DLLME procedure was
evaluated by means of thin-layer chromatography with chemical (10%
phosphomolybdic acid nm) detection. Method
provided good linearity within concentration range 0.1–1.0 mg/mL ( = 0.9965)
with = 0.1 mg/mL. Proposed method was applied to the analysis of free
estradiol in real human pregnancy urine when 0.3 mg/mL estradiol was
determined in DLLME extract.

) and densitometric (λ = 430
R

LOD
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1. Introduction

Municipal waste landfills, belonging to the group of plants generating air pollu-
tion, at one time they were placed into the outskirts of cities. Currently, due to the
progressive urbanization, the distance between residential areas and landfill is
reduced. Unpleasant odors present in ambient air, stimulating the human olfac-
tory receptors and causing odor perception are called odorants. Odors generated
from municipal waste landfills are a complex mixture of volatile chemical
compounds [1]. The process of municipal waste storage, leading to a reduction of
odors emission is often overlooked and odor nuisance of atmospheric air in the
area of landfills may negatively impact on the health and comfort of living of
society [2]. During the last decade it has witnessed a considerable increase of com-
plaints population living in nearby areas, related to the odors emission occurring
in areas located in the vicinity of municipal waste landfills. Therefore, there has
been increased interest of the municipal waste landfill impact on the environ-
ment [3].

Monitoring of odor nuisance on the adjacent

areas to the landfill using Fast GC and

sensory analysis
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Abstract

The paper shows the results of investigation on classification of the atmos-
pheric air samples collected in a vicinity of the landfill during August and
September period have been presented. The studies was conducted by the use
of Fast GC HERACLES II from Alpha MOS company and sensory analysis. About
86% of the atmospheric air samples collected were classified correctly using
PCA and LDA. Based on a classification of the atmospheric air samples around
the landfill it can be observed that the biggest number of correctly classified
samples originated from the directions characterized by odour nuisance. It
was the NE direction. The odor intensity of atmospheric air samples from the
NE direction was described as 2.5 in VDI 3940 standard and for the other
directions was approx. 1.5.
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landfill
LDA
PCA
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Due to the increasing number of population complaints about air quality
occurring in the vicinity of municipal landfills, it is necessary to implement the
appropriate procedures to ensure the ability to perform sensory evaluation in
order to control emissions [4]. A device which allows for rapid, objective analysis
of odor substances is an electronic nose (e-nose) [5–6]. A method in which e-nose
is used can be treated as a supplement for method based on field olfactometry [7].
Identification of the individual odoriferous substances or gas odor mixtures is
possible by comparing the gaseous sample profiles with reference profiles
included in the relevant database. The utilization of electronic nose provides
a possibility of monitoring and recording the episodes of odor nuisance from
municipal landfill [8].

In this work the research concerning the application of electronic nose based
on fast GC and sensory analysis was provided. The subject of the study was
atmospheric air samples collected in 2 km range from landfill located Gdansk-
-Szadolki area. The possibility of the use of an electronic nose device for odor
nuisance recognition was investigated.

The measurement set-up consisted of four main elements: HERACLES II device
(AlphaMOS, France), air sampling device, the Tedlar bag of 5 dm volume (SKC,
USA) and 5 cm syringe (Hamilton, Switzerland). The air sampling device was
laboratory-made production (Fig. 1).

2. Experimental

2.1 Instrumentation

3

3

Fig. .1 The view of atmospheric air sampling device.
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The measurement procedure consisted in sampling of air directly from the
Tedlar bag using the syringe. Then 5 cm air sample was supplied to a propor-
tioner. Sorption of the sample occurred behind the proportioner, inside a sorption
trap of Tenax. The analytes were released from the trap after it had been heated to
260°C and the stream was directed to two independent chromatographic-
-detection systems. The main elements of these systems were two chromato-
graphic columns characterized by different polarity of stationary phase (non-
polar MXT-5 and medium-polarity MXT-1701) and two detectors of μFID type.
The length of both columns was 10 m. Surface area of chromatographic peaks was
utilized in analysis. A single analysis lasted 90 s.

The tentative studies with the use of water solutions of n-butanol prepared on
5 different level of concentrations, namely 0 ppm v/v, 100 ppm v/v, 200 ppm v/v,
500 ppm v/v, 1000 ppm v/v, was provided for training 4 panelists selected from
20 volunteers. Each of these 4 panelists performed 15 analysis during 5 days for
estimation own personal odor threshold. Panelists were selected on the basis of
individual repeatability criteria which can be described by the equation:

10 ≤ 2.3 (1)

where is standard deviation of individual smell assessment.
In this odor intensity of atmospheric air studies 2 woman and 2 man in age

20–25 have attended. Panelists was trained in terms of proper conducting sensory
analysis. They belongs to the group of people who are not smoking cigarettes and
with psychophysical condition which was assessed as a very good. One hour
before each analysis panelists did not eat and drink. The total of 240 analysis were
conducted in 4 localizations in the range of 2 km from the landfill placed in Gdansk
Szadolki during 5 days. Each air atmospheric sample was analyzed in 3 repli-
cations. The task of each panelist was to assign the odor intensity using verbal
odor intensity scale regarding to the instructions included in German VDI 3940
standard. In afore-mentioned standard the intensity of odor should be described
as: 0 – without the odor, 1 – very week odor, 2 week odor, 3 distinct odor,
4 strong odor, 5 very strong odor, 6 extremely strong odor.

Investigation of air quality with respect to odour nuisance was performed with
the air samples collected within 2-kilometre distance around the landfill along
four directions (NE-600, SE-1200, SW-2400 and NW-3000). Localization of the air
sampling points around the landfill is illustrated in Fig. 2. The samples were
collected during August and September period. Each day 4 samples were collected

3

2.2 Procedure of sensory analysis

S

2.3 Research methodology

S

– –
– – –
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along the aforementioned directions and within the aforementioned distance
from the landfill. Selection of the sampling periods was connected with the
complaints (on odour nuisance) of the inhabitants of the housing estates neigh-
bouring with the landfill. The atmospheric air samples collected along the other
directions (depending on sampling period) were treated as the reference samples
as no complaints on odour nuisance were acknowledged in these directions.
There was no precipitation during the sampling periods. The samples were
collected into the Tedlar bags of 5 dm volume using a device called lung sampler,
which was designed and built in the Department of Analytical Chemistry of the
Gdansk University of Technology. The total of 60 atmospheric air samples were
collected around the landfill (4 collection points times 5 days times 3 repetitions).

Classification of the atmospheric air samples with respect to the sampling
points (thus different odour nuisance) utilized the linear discriminant analysis
(LDA) method.

Principal component analysis was utilized for visual evaluation of an ability of
discrimination between the air samples originating from the places with odour
nuisance and the places without it. Classification of the atmospheric air samples
with respect to their odour nuisance was performed using LDA employing free
R software being a part of Free Software Foundation (Free Software Foundation,
USA).

Fig. 3 presents the PCA results for odour intensity of the atmospheric air samples
collected in a vicinity of the landfill during August and September period. Also in
this case the two-dimensional plane reveals two distinct point clusters attributed
to the places of samples collection. Fig. 3 shows that one of the clusters
corresponds to the samples collected from the NE direction, where odour

3

3. Results and discussion

Fig. 2. Map of the municipal landfill with the
points of atmospheric air samples collection.
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nuisance complaints were recorded during that season. The second cluster repre-
sents the remaining directions for odour intensity of the atmospheric air samples
collection. This region corresponds to the air samples collected from the places,
where no complaints on odour nuisance were recorded.

Table 1 presents a matrix of correctly classified odour intensity of atmospheric
air samples collected in a vicinity of the landfill during summer season. The
classification was performed with the cross-validation supported LDA. The 86.7%
of the samples from the selected directions were classified correctly. The biggest
number of correctly classified samples was equal to 15 and originated from the NE
direction. In the remaining cases the following number of samples were classified
correctly: 13 from the NW direction, 12 from the SE as well as from the SW
direction. As far as the NE direction is concerned, characterized by odour nuisance
complaints, correct classification amounted 100%.

In the case of LDA classification performed exclusively on the training set
(without cross-validation method) the correct classification level was 95.0%.

Fig. 3. PCA result for odour intensity of the atmospheric air samples collected during summer
season from four directions localized in a vicinity of the municipal landfill.

Cross-validation method: 86.7%

NE SE SW NW

NE 15 0 0 0
SE 1 12 2 0
SW 0 1 12 2
NW 0 1 1 13

Table 1

Cross-validation supported LDA classification of odour intensity of the atmospheric air samples
collected in a vicinity of the municipal landfill during summer season. Measurement data for
classification were obtained with the electronic nose HERACLES II.
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In Table 2 the average geometric odor intensities of the atmospheric air samples
collected around the landfill located in Gdansk-Szadolki are were presented. It can
be observed in direction NE the values of the odor intensity of air atmospheric
samples were higher and statistically different on the established level of
significance ( =0.05) in comparison to the other samples.

The aim of investigation was discrimination and classification of the atmospheric
air samples collected in four directions, along which pollutants are spread around
the municipal landfill. The studies were oriented towards the ability of discri-
mination of the air samples containing odorants. Commercial electronic nose
instrument HERACLES II of Fast GC type by Alpha MOS was utilized in the analysis
and sensory panel consisted 4 person.

Based on a classification of the atmospheric air samples around the landfill it
can be observed that the biggest number of correctly classified samples originated
from the direction characterized by odour nuisance. It was the NE direction during
August and September period. It can be also observed sensory panel proved the
odor intensity of atmospheric air samples was the highest for this direction. The
results of this research will be utilized by the authors during elaboration of a sta-
tionary version of the electronic nose instrument for continuous monitoring of
atmospheric air with respect to odour nuisance.

α

4. Conclusions
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Table 2

The odor intensity of atmospheric air samples collected in the
2 km distance from landfill located in Gdansk Szadolki

Direction Odor intensity

NE 2.5 0.4
SE 1.5 0.3
SW 1.4 0.3
NW 1.5 0.3

±
±
±
±
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1. Introduction

UV-photochemical generation is one of the possible ways of the generation of
volatile species of arsenic [1, 2]. It is based on anaerobic photolytic decomposition
of aliphatic organic acids with low molecular weight. Hydrocarbons, their radicals
and carbon dioxide are products of this reaction as it is described by equation [3]:

R–COOH � R + COOH˙ ˙ � RH + CO (1)
(R = C H , = 0, 1, 2)

Hydrocarbon radicals are taken up by trivalent arsenic to form stable substituted
compounds as shown in equation

3 R–COOH + H AsO � 3 CO + R As + 3 H O (2)
(R = C H , = 0, 1, 2)

2

2 +1

3 3 2 3 2

2 +1

n n

n n

n

n
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Abstract

The work was focused on the development of analytical method for deter-
mination of arsenic in water sample using of its volatile compounds
generation. The method involves the combination of flow injection analysis,
UV-photochemical generation of volatile compounds of arsenic and atomic
absorption. Attained absorbance was very low after the optimization. In next
step, the influence of selected interferents on UV-photochemical generation
was investigated with the aim to find a suitable reaction modifier which would
improve sensitivity of arsenic determination. Bi was found as the best
reaction modifier for its persisting effect. The activation with concentration of
10 mg L of Bi increases the absorbance of arsenic approximately eleven
times compared to signals without activation. The limit of detection achieved
was 18 μg L , sensitivity was 1.144×10 L μg , repeatability was 4.5 %
(relative standard deviation) and linear dynamic range was 60–500 μg L .
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For spontaneous release of the compounds generated element from a solution it is
necessary that the products formed are sufficiently volatile for spontaneous
release of the compounds generated from a solution. Such compounds containing
the determined element are formed by photolysis of formic acid, acetic acid and
propionic acid [4].

The composition of volatile compounds formed by UV-photochemical
generation depends on the type of acid which is providing radicals. The most
volatile compounds can be produced in presence of formic acid. Due to the
reaction times published [1] as well as due to the volatility of the arsenic
compounds produced [5], formic acid was chosen as the most suitable reaction
medium for experiments carried out.

The lack of literature data about the determination of arsenic when using
UV-photochemical generation of its volatile compounds was the motivation of this
work. In contrary, there is a lot of information about determination of other
hydride forming elements [6] like selenium [7, 8], antimony, bismuth and even
transition metals [9–12] in published articles.

Standard solution of As was prepared by weighting of As O (> 99.5 %, Sigma-
-Aldrich), dissolved in deionized water with KOH (89.0 %, Lach-Ner, Czech
Republic). Standard solution of 0.75 mol L HCOOH (≥ 98%, Sigma-Aldrich) was
prepared fresh daily. Solution of interferents were prepared from stocking solu-
tions of Fe (1000±2 mg L , Merck), Co (1000±2 mg L , Merck), Ni
(1000±5 mg L , Analytika, Czech Republic), Cu (1000±5 mg L , Analytika,
Czech Republic), Se (1000±2 mg L , Analytika, C ), Bi
(1000±5 mg L , Merck), SO (1000±0.002 mg L , Merck), Cl
(1000±0.002 mg L , Merck), HNO (≥ 65 %, Merck), ethanol (≥ 99.5 %, Merck),
mercaptoethanol (≥ 99.0 %, Sigma-Aldrich), triethanolamine (≥ 98 %, Sigma-
-Aldrich), acetonitrile (≥ 99.8 %, Sigma-Aldrich) or weighting of L-cysteine
hydrochloride monohydrate (≥ 98 %, Sigma-Aldrich), TiO (≥ 99.5%, size
nanoparticles ~ 21 nm, Aldrich).

MilliQPLUS (Millipore, USA).

Atomic absorption spectrometer Varian SpectrAA-300A (Varian, AUS)
Programmable peristaltic pump Masterflex (Cole-Parmer, USA)
Power supply for the UV-generator Modus SB 18 (Modus s.r.o., CZE)
As-hollow cathode lamp (Heraeus, DEU), wavelength 193.7 nm, spectral
interval 0.5 nm, supply current 10 mA.

2. Experimental

2.1 Reagents and chemicals

2.2 Instrumentation

+III
2 3

−1

3+ −1 2+ −1 2+

−1 2+ −1

4+ −1 3+

−1
4
2− −1 −

−1
3

2

zech republic

The solutions were diluted with deionized water
(18 MΩ cm)
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▪

▪

▪
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Laboratory made quartz atomizer with integrated gas-liquid separator which
was externally heated to 950 °C by EHA 10 (RMI, CZE)
Low-pressure Hg UV lamp (253.7 nm, 20 W, Ushio, JPN)
Connecting Tygon tubing of different sizes (Cole-Parmer, USA)
PTFE tubing of different ID (Supelco, USA)
Connecting material (Supelco, USA)
Mass flow controller (Cole-Parmer, USA)
Six-way injection valve FIA V-451 (Upchurch Scientific, USA)
Syringe size 10 ml (Hamilton, USA)
Analytical balance RC 210D (Sartorius, USA)

The instrumental set-up which was used for this analytical method is depicted in
Fig. 1.

Fig. .1 The instrumental set-up: (1) reservoir bottle with solution of HCOOH, (2) peristaltic pump,
(3) six-way injection valve, (4) reaction coil with UV-generator, (5) gas-liquid separator, (6) ato-
mizer, (7) AAS, (8) waste bottle, (9) gas flow controller.
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Fig. 2. Dependence of absorbance on reaction gas flow rate ( (As ) = 0.4 mg L , (HCOOH) =
= 1.5 mol dm , (Ar) = 24 m min , (HCOOH) = 2 m min , = 600 , = 251 cm, = 950 C).

c c

v v V L t

+III –1

–3 L –1 L –1
DS Lμ °

3. Results and discussion

3.1 Optimization of conditions for UV-photochemical generation

Firstly, it was necessary to find optimum condition for UV-photochemical
generation of volatile arsenic compounds. Following key parameters were
optimized: the flow rate of the carrier solution, HCOOH concentration in this
solution, the carrier gas (Ar) and the reaction gas (H ) flow rates, reaction coil
length, the sampling loop volume and atomization temperature. The optimum
experimental conditions were found to achieve a sufficient signals as well as the
highest possible efficiency of the generation of volatile arsenic compounds.

The presence of hydrogen is necessary for successful UV-photochemical gene-
ration of volatile compound of arsenic and for its detection by atomic absorption.
According to the dependence shown in Fig. 2, almost no volatile product
containing arsenic was formed without hydrogen addition prior the UV-photo-
reactor. This fact was proved by selection of various placements of hydrogen inlet.
30 mL min of hydrogen was selected as the optimum hydrogen flow rate because

2

–1
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of the highest response recorded. More hydrogen inflow resulted in signal
depression. The cause is probably in the shortening of stay of the analyte in the
UV-photoreactor.

There were used two ways of input of inert gas into the instrumental set-up.
The aim of the first inlet prior the six-way injection valve was to segment the flow
of the carrier solution and to prevent broadening of the zone of injected sample.
The highest absorbance was obtained for tubes with an inner diameter of 0.51 mm
which corresponded to 0.33 mL min of Ar for the same rotation used for
pumping of the carrier solution. Secondly, argon was introduced into the gas-
liquid separator. Its presence was necessary for release of the arsenic volatile
compound from the liquid there and for its transport to the atomizer. The best
analytical signal was provided by 24 mL min of carrier gas (Ar).

HCOOH is the most important component of the carrier solution. Therefore, its
concentration is logically the key parameter to be optimized. The maximum signal
was achieved at 0.75mol L in the dependence of arsenic absorbance on formic
acid concentration and it was surprisingly narrow.

The summary of optimum conditions is reported in Tab. 1.

The interferents were divided into three groups. Negative interferences occured
in presence of nickel(II) ions, copper(II) ions, chloride ions and mercaptoethanol.
Minimally interfering agents are nitric acid, ferric ions, ethanol, sulfate ions,
titanium dioxide, and L-cysteine. The presence of cobalt ions, acetonitrile,
triethanol amine, selenite ions and bismuth(III) ions increased absorbance of
arsenic. Bismuth(III) ions at a concentration of 10 mg L increased the absor
bance significantly. The results of further experiments showed that the effect of
the activation by bismuth(III) ions persisted for all the measurements done at the
same day. The mechanism of the inner modification of the apparatus will be the
subject of future investigation.

–1

–1

–1

–1

3.2 Interferences

-

Table 1

Optimum condition.

Parameter Value

HCOOH concentration 0.75 mol L
H flow rate 30 mL min
A flow rate 24 mL min
Sampling loop volume 600 μL
Carrier flow rate 2.0 mL min
Reaction coil length 251 cm
Atomization temperature 950 °C

−1

2
−1

2
−1

−1
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Fig. 3. Calibrations ( (HCOOH) = 0.75 mol dm , H 30 (Ar) = 24 m min ,
(HCOOH)= 2 m min , = 600 , = 251 cm, = 950 C).

c v

v V L t

–3
2v( ) = mL min , L

L L

–1 –1

–1
DS μ °

3.3 Calibrations

Consequently, calibration dependences were measured and figures of merit of the
proposed analytical method were found under the optimum conditions. Sensi-
tivity (expressed as the slope of the calibration line) was determined as the main
character, then the limit of detection and quantification, repeatability and linear
dynamic range were calculated on the base of results attained.

Fig. 3 shows two calibration curves, without and after the activation by bis-
muth(III) ion respectively. A comparison of figures of merit summarized is presen-
ted in Tab. 2. The limits of detection and quantification moved to the lower
concentration level as well as linear dynamic range after the activation. On the
other hand, LDR became shorter in this case. From equations of the calibration
lines, the signal enhancement factor (calculated as a ratio of both sensitivities)
was calculated. Its value is 10.8.
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4. Conclusions

An analytical method for determination of arsenic using its UV-photochemical
volatile compound generation was developed in the presented work. All the
measurements were realized in FIA arrangement. Atomic absorption with
externally heated quartz tube atomizer was used for detection of arsenic.

Followed the optimization, a suitable reaction modifier was found within
interference study. Bismuth(III) ions at concentration 10 mg L significantly
increased the absorbance of arsenic almost eleven times and its effect persisted
for the rest of the day.

The proposed method is distinguished by a detection limit of 18 μg L of
arsenic, by a sensitivity of 1.144 10 L μg , by a repeatability of 4.5 % and by a
linear dynamic range 60 500 μg L under the optimum conditions and after the
activation by bismuth(III).
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−3 –1

–1
×

–
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LOD
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1. Introduction

Capillary electrophoresis is an ideal technique for the separation of complicated
clinical samples because of its high separation efficiency, short separation time
and minimal requirements on the amounts of samples and reagents. Commer-
cially available capillary electrophoresis apparatuses contain long capillaries
(several tens of cm) and the separation time is usually 5–30 minutes [1]. It is
desirable that the separation time be much shorter, affecting the number of
samples that can be analyzed in unit time and thus the price of the analysis.

Shortening of the separation pathway is an effective technique for increasing
the rate of separation. One of the options involves performance of electrophoresis
on a glass or plastic microchip [2]. This electrophoresis requires using a special
separation system – an electrophoretic chip. More preferred is the use of standard
electrophoretic capillaries. A technically simple shortening of the separation
pathway is short-end injection, where the sample is injected into a site close to the
detector, commercial instrumentation can frequently be used for this purpose [3].
Greater experimental variability can be attained using special apparatuses for

Determination of selected components

of human urine by electrophoresis in a short

capillary with pressure-assisted sampling

A M F O P TNNA AKRLÍKOVÁ , RANTIŠEK PEKAR , ETR ŮMAa, a b*

a Charles University in Prague, Faculty of Science, Department of Analytical Chemistry,

Hlavova 2030/8, 128 43 Prague 2, Czech Republic anna.makrlikova@natur.cuni.cz

Charles University in Prague, Third Faculty of Medicine, Institute of Biochemistry, Cell and

Molecular Biology, Ruská 2411/87, 100 00 Prague 10, Czech Republic

�
b

Proceedings of th ISC Modern Analytical Chemistry Prague 201the 11 5▪ 117

Abstract

A hydrodynamic sample introduction method has been proposed for electro-
phoresis in short capillary. The separation electrolyte flushes sample from the
loop of a six-way sampling valve and carries it to the injection end of the
capillary. At the time when the sample zone reaches the capillary, a short
pressure impulse is generated in the electrolyte stream, which provides
injection of the sample into the capillary. Then the electrolyte flow is stopped
and the separation voltage is turned on. The method was used for the
determination of selected components in urine. The determination was
performed in a capillary with an overall length of 10.5 cm and two base
electrolytes was tested. A, dual contactless conductivity and UV spectrometric,
detection was used.
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human urine
hydrodynamic injection
short-capillary
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separation directly in short capillaries with overall length of about 10 cm. A basic
experimental problem when using separation in short capillaries lies in their
limited mobility. A short capillary cannot be handled in the same way as the
capillaries used in standard electrophoretic systems. It has to be designed so that
all the necessary steps can be performed without necessity to move the capillary.

Injection of the sample into a separation capillary is generally an important
point in achieving high-performance electrophoretic separation. An easily
available option lies in sample injection based on the principle described in the
work [4]. The injection end of the capillary is loosely inserted into a tube through
which the background electrolyte is flowing during the injection, into which the
sample is injected from the loop of a six-way valve. The sample can be injected into
the capillary during the time that the sample zone flows around the injection end
of the capillary. However, in electrokinetic sample injection, the amount of
injected substance in the sample depends on its electrophoretic mobility, on total
conductivity and composition of the sample matrix. The problems can be solved
by the use of pressure-assisted injection described in this work. This hydro-
dynamic sampling controlled by pressure pulse can be used for determination of
ammonia, histidine, creatinine, uric and hippuric acid in human urine.

To illustrate the practical applicability of the proposed pressure-assisted injec-
tion, some of the components in human urine were determined. Urine samples
were obtained from a healthy volunteer and analyzed on the day of sampling.
Urine was only filtered using a single-use injection-needle PVDF filter and then
diluted 50× or 100× with deinonized water. Two base electolytes were tested
50 mM MES + 5 mM NaOH (pH = 5.10) and 1 M acetic acid + 1.5 mM crown ether
18-crown-6 (pH = 2.40).

Two detection systems, laboratory-made C D (450 kHz/17 V) and UV (214 nm),
were tested.

The injection end of the electrophoretic apparatus, Fig. 1A, consists of plastic
components used for connecting tubes of small dimensions (1, 2). The electro-
phoretic ground electrode (3) is a 1 cm long piece of stainless steel tube, plastic
components 1 and 2 fix the electrode in a stable position. The injection end of the
capillary is inserted into another PTFE tube (5), which the background electrolyte
solutions with the sample flows during the injection. The shut-off valve (10) closes
the exit PTFE tube (11), this creates a pressure pulse in the apparatus and sample
is injected into the capillary. The hydrodynamic resistance (13) causes a sharper
increase in the pressure when the shut-off valve is closed.

2. Experimental

2.1 Reagents and chemicals

2.2 Instrumentation

4
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Fig. .1 Electrophoretic apparatus; scheme of the injection part (A) and scheme of the time depen-
dence of the injection sequence (B).
(A) 1, 2 barbed tubing fittings; 3 stainless steel tube (ground electrode of the high voltage source)

with soldered connection, insulated with hot melt adhesive; 4 separation capillary ins

background electrolyte feed from the stock reservoir pumped by
a linear pump; 10 shut-off valve; 11 waste; 12 to the detector and end vessel, 13 piece of
capillary creates a hydrodynamic resistance.

(B) 1 initiation of injection; 2 time of operation of the linear pump; 3 delay of the shut-off valve;
4 time of activation of the shut-off valve, i.e. time of sample injection into the capillary;
5 turning on the high voltage source and commencement of the separation.

– –
–

– – –
– –

– – – –

– – –
–

–

erted in
PTFE tube; 5 PTFE tube; 6 six-way sampling valve; 7 injection loop with volume of 40 μl;
8 filling the injection loop; 9

-

Fig. 1B depicts the time sequence of the injection. The injection time is
commenced by turning on the linear pump for the background electrolyte and
simultaneously switching the six-way valve from the “load” position (filling the
injecting loop) to the “inject” position. At the time when the sample zone in the
background electrolyte reach the injection end of the capillary, the shut-off valve is
activated for a pre-defined time and pressure pulse injects the sample into
capillary. The linear pump is turned on for long enough time for the sample zone to
reach a sufficient distance from the capillary. After turning off the pump, high
voltage is turned on and the separation is commenced.

The separation was performed in a standard fused silica capillary, 50 μm ,
363 μm , with total length 10.5 cm and length to the detector 8 cm. The electro
phoretic apparatus was laboratory-made and it is described in a previous
publication [5]. The separation capillary leads from the injection part to the dual
detector and to the end vessel with the high-voltage electrode of the high voltage
source (5 kV). In subsequent measurements were used optimized parameters:
time of activation of the linear pump (2) 10 s, background electrolyte flow-rate
1 ml/min, time of delayed activation of the shut-off valve (3) 5 s and time of
activation of the shut-off valve (4) 0,5 s.

i.d.

o.d.
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3. Results and discussion

The determination of important biochemical analytes in human urine was
selected for verification of the practical applicability of the tested injection
method. Separation of these substances was first tested in background electrolyte
with composition 50 mM MES + 5 mM NaOH (pH = 5.10), see Fig. 2A. Before EOF on
the C D recording positive peak of the mixed zone of inorganic ions can be seen,
followed by the negative peaks of the organic cations histidine and creatinine. In
the UV recording EOF is followed by the separated peaks of uric and hippuric
acids. Acidic BGE with composition 1 M acidic acid + crown ether 18-crown-6
(pH = 2.40), Fig. 2B, was used for the separation cations in urine, because addition
of 18-crown-6, which complexes K , allows separation NH and K ions.

The obtained separation efficiencies commonly attain values of about 100,000
theoretical plates/m, these values are fully comparable with the separation
efficiencies for classical hydrodynamic injection of samples connected with
exchange of vials. The results of the determination of the monitored components
in urine are given in Tables 1 and 2. The standard addition method was used and
the results are the median of three determinations. Table 1 also gives the range of
concentrations in which this components can be present in human urine [6].

4

+
4
+ +
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Fig. .2 Part of the electropherograms of human urine recorded by C D and the UV detector.
(A) rine diluted with water 1:50, background electrolyte 50 mM MES + 5 mM NaOH (pH = 5.

(B) rine diluted with water 1:100, background electrolyte 1 M acetic acid + crown ether 18-crown-
6 (pH = 2. , 2 K ,

3 Ca , 4 Na , 5 creatinine, 6 histidine.

4

4
+

U
–

– – – – – -

U
- –

10),
separation voltage/current 5 kV/3 μA. Identification of peaks: 1 unseparated inorganic ions,
2 histidine, 3 creatinine, 4 neutral substances absorbing UV radiation, 5 uric acid, 6 hipp
uric acid.

40), separation voltage/current 5 kV/13 μA. Identification of peaks: 1 NH+ +

2+
–

– – – –



Analyte Migration time Concentration RSD
1/m

NH 34±0 515±95 8.3 132 000
Creatinine (C D) 68±0 1666±75 2.0 95 600
Creatinine (UV) 1717±159 4.2 62 700

N

[s] [mg/l] [%] [ ]

4
+

4

Table 2

Determination of ammonia ions and creatinine (detection method in parentheses). Sample: human
urine diluted with water 1:100, background electrolyte: 1 M acetic acid + 1 5 mM crown ether
18-crown-6 (pH = .

.
2 40), separation voltage/current 5 kV/13 μA.

Analyte Migration time Concentration RSD Range [6]
[mg/l] [%]

Histidine (C D) 32±1 67±7 5 1 40 330 136 200
Histidine (UV) 61±6 4 6
Creatinine (C D) 36±1 1031±233 10 2 670 2150 52 300
Creatinine (UV) 1209±364 13 7 24 900
Uric acid (UV) 54±3 392±20 2 3 40 670 118 000
Hippuric acid (UV) 69±5 539±33 2 7 50 1670 150 000

The number of theoretical plates was calculated from the formula = 5 54( / ) ,
where is the migration time and is the peak width at half-height.

N

N t w

a

[s] [mg/l] [1/m]

. –

.
.
.
.
.

.

4

M 1/2
2

–
–

–
–

4

M 1/2

a

t w

Table 1

Determination of creatinine, histidine, uric and hippuric acid (detection method in parentheses).
Sample: human urine diluted with water 1:50, background electrolyte: 50 mM MES + 5 mM NaOH
(pH = .5 10), separation voltage/current: 5 kV/3 μA.

4. Conclusions

As an alternative to electrokinetic injection, a hydrodynamic sample introduction
method controlled by pressure pulse has been proposed for short-capillary
electrophoresis. Injection was tested by determining several components of
human urine. Separation has the general advantage of speed, but two different
separation buffers had to be used. Creatinine can be determined in both
background electrolytes, the determination in MES-NaOH background electrolyte
is less accurate, because creatinine peak is immediately next to the EOF peak,
complicating its evaluation. In acetic background electrolyte histidine is poorly
separated from the other components of the urine, probably from its methyl
derivatives.
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1. Introduction

Arsenic is a known toxic metalloid. Its toxicity strongly depends on its chemical
form, therefore it is desirable to know speciation of arsenic in the sample. The
most toxic arsenic species are arsenite (iAs ) and arsenate (iAs ). Monomethyl-
arsonate (MMA ) and dimethylarsinate (DMA ) exhibit lower toxicity and other
organically bound arsenic species are even non-toxic. By coincidence the toxic
arsenic species are “hydride active”, i.e. they can be converted to their correspon-
ding hydrides (arsanes) by the reaction with NaBH [1]. This can be utilized for
speciation analysis. Actually, there are three possibilities to employ hydride
generation (HG) for speciation analysis [2]: selective HG, generation of substi-
tuted hydrides and postseparation HG.

Selective HG “separates” arsenic species by means of different conditions of HG
[3]. The second approach is generation of substituted hydrides, when the resul-
ting gaseous mixture of alkylsubstituted arsanes is separated, usually by

III V
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V V
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Abstract

The aim of this work was to find conditions of hydride generation to generate
four arsenic species (arsenite, arsenate, monomethylarsonate, dimethyl-
arsinate) with the same efficiency in a flow injection and batch mode. In the
next step such generators and optimized conditions of hydride generation
were employed for speciation analysis of arsenic. In the first case arsenic
species were separated by HPLC and the sample injection valve was
substituted with the HPLC outlet. In the second case the batch generator was
connected with a cryotrapp that separated generated arsanes according to
their different boiling points. Due to same generation efficiency (and thus
sensitivity) single species standardization could be used in the both approa-
ches. This has been successfully demonstrated on urine sample with
postcolumn hydride generation so far. The preliminary results with a cryo-
trapp are also very promising.

Keywords

arsenic
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HPLC
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speciation analysis



cryotrapping [4] or gas chromatography. The last approach is postseparation HG,
most commonly after HPLC, that is used to increase sensitivity and improve
specificity. The advantage of the HG step lies in the separation of analyte from the
liquid matrix and in much higher introduction efficiency (up to 100%) to the
detector in comparison to nebulization techniques.

100% efficiency of HG from all As “hydride active” species is desirable.
However, this is hardly achieved without pre-reduction of iAs , MMA and DMA
to their trivalent forms. The pre-reduction can lead to contamination of a sample
or, if it is performed on-line, more complicated generators must be used [5].

The aim of this work was to (i) develop an efficient HG from iAs , iAs , MMA
and DMA in both batch and flow injection (FI) mode using only HCl medium and
NaBH , (ii) connect such HG to HPLC and a cryotrapp (CT) and (iii) apply the
developed methods to real (human urine) samples. The in-house designed atomic
fluorescence spectrometer (AFS) was used as a sensitive detector.

The in-house assembled research grade non-dispersive AFS was employed. Minia-
ture diffusion flame under optimum conditions was used as the atomizer [6].

A stock solution of 1000 mg dm was prepared for each arsenic species in
deionized water (Ultrapur, Watrex, USA) using following compounds: iAs from
As O (Lachema, Czech Republic); iAs from As stock standard solution (Merck);
MMA from Na CH AsO .6H O (Chem. Service, USA); DMA from (CH ) As(O)OH
(Strem Chemicals, USA). A reducing solution of NaBH (Fluka) in 0.1% KOH
(Lach-ner, Czech Republic) was prepared fresh daily. HCl (Merck) for HG
A tris(hydroxymethyl)aminomethane (TRIS) buffer was prepared by mixing of
Trizma® hydrochlorid (Sigma) and TRIS (Fluka) to desired concentration and pH
(pH was adjusted by KOH (Lach-ner, Czech Republic) and HCl). Mobile phase for
ion pair chromatography was 4.7 mmol dm tetrabutylammonium hydroxide
(Fluka), 2 mmol dm malonic acid (Sigma-Aldrich) in 4% methanol (Sigma-
Aldrich), pH was adjusted to 5.85 [7]. Mobile phase for anion exchange

chromatography was 20 mmol dm phosphate buffer (from KH PO (Merck) and
K HPO (Xenon Lodz, Poland)), pH adjusted to 6.00 [8].
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2.3 Hydride generators

2.3.1 F and postcolumn generator

See Fig. 1 for the scheme. NaBH , HCl and DIW were pumped by a peristaltic pump
(Ismatec, Switzerland) at the flow rates of 1 ml min . The manifold was built from
PTFE tubing and PEEK T-junctions (Cole Parmer, USA). Sample was injected into
the flow of DIW by a six-port injection valve (Rheodyne, USA) with 0.6 ml sample
loop volume. A reaction coil of different length and i.d. was used. A 5 cm long PEEK
capillary of 0.25 mm i.d. (not shown) was employed downstream the reaction coil
to introduce 80 ml min of Ar. The gaseous phase containing arsanes was sepa-
rated from the liquid phase in a glass gas-liquid separator (GLS). The second pump
was used for waste removal from the GLS. The output from the GLS was connected
to the T-junction serving to introduce hydrogen (flame hydrogen) and argon
(flame argon) for the atomizer.

HPLC pump (Agilent 1200, USA) with ODS-3 column (15 cm × 4.6 mm, 3 m
particle size) and PRP-X100 column (25 cm × 4.6 mm, 10 m particle size) were
used. The injection valve was substituted with the HPLC outlet

.

low injection

4
−1

–1

μ
μ

(injected volume
was 50 μl)
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Fig. .1 Flow injection generator: PP1/PP2 – peristaltic pumps, GLS gas-liquid separator,
DIW deionized water.
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2.3.2 Batch generator (and a cryotrapp)

See Fig. 2 for the scheme. HCl or TRIS buffer were pumped by the peristaltic pump.
HCl/TRIS channel lead through the six-port injection valve with 0.6 ml sample
loop volume. One T-junction was used to connect DIW channel and another
T-junction to connect argon carrier. The HCl/TRIS channel was introduced at the
bottom of the GLS (glass vial, total volume of 7 ml). Total volume of 1.2 ml was
pumped (0.6 ml sample and 0.6 ml HCl/TRIS) to the GLS. Another peristaltic was
used to introduce a solution of 1% NaBH also at the bottom of the GLS at flow rate
1 ml min . Separate channel was used to remove liquid waste from the GLS after
the reaction had been completed. The output from the GLS was connected to the
CT (see ref. 5 for details) or directly to the T-junction serving to introduce hydro
gen and argon for the atomizer.

The influence of HCl concentration on the sensitivity was tested in the range
between 0.25 and 4 mol dm . The inorganic arsenic (iAs ) sensitivities
increased with higher concentration of HCl, but methylated arsenic species
(MMA , DMA ) had maximum sensitivity at lower concentration of HCl and it

4
–1

–3 III+V

[ ] -

3. Results and discussion

3.1 Flow injection generator

V V
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Fig. 2. Batch generator: PP1/PP2 – peristaltic pumps, GLS gas-liquid separator, DIW deionized
water.
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decreased at higher concentration of HCl. Concentration of HCl of 2 mol dm was
chosen as optimum.

Volumes of 0.8, 4.1 and 10.4 ml were tested. The volume of the reaction coil of
4.1 ml was found to be sufficient to increase sensitivity of MMA to the maximum.
However, iAs and DMA were not quantitatively converted to their corresponding
arsanes. This resulted in their lower relative sensitivity (related to the sensitivity
of iAs , which is assumed to be generated quantitatively, i.e. with 100% gene-
ration efficiency). Only 91±1% and 84±1% relative sensitivities were measured
for iAs and DMA , respectively, even for 10.4 ml volume of the reaction coil.

With the reaction coil of 10.4 ml the influence of concentration of NaBH was
tested in the range between 1 and 3% (m/v). Concentration of 2.5% was found
optimal resulting in equal sensitivities for all four arsenic species.

HPLC was connected to HG to separate arsenic species before HG (see Fig. 1).
When ODS-3 column was used good separation of arsenic species in DIW solution
was found (Fig. 3a), but separation of As species in undiluted urine (NIST 2669)
lead to a pronounced tailing of peaks and even multiple peaks for iAs were
detected (Fig. 3b). 5 times or 10 times dilution of the sample with the mobile phase
was necessary to obtain good separation of peaks.

The anion exchange chromatography was tested instead of ion pair chromato-
graphy. Very good separation was found for all tested arsenic standards in DIW
solution and even in the urine samples (NIST 2669); see Fig. 3c and 3d. Since the
same sensitivities for all species were obtained there was the possibility to use
a calibration for DMA for quantification of the other species. This approach was
successfully tested on NIST 2669 (Table 1).
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Fig. 3. –HPLC HG AFS chromatograms using a) ion pair chromatography of aqueous standards
(5 ng ml ), b) ion pair chromatography of a urine sample, c) anion exchange chromatography of
aqueous standards (5 ng ml ) and d) anion exchange chromatography of a urine sample.
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3.2 Batch generator

The influence of concentration of HCl on the sensitivity was tested in the range
between 0.01 and 6 mol dm . The plateau was obtained in the range between
0.5 and 4 mol dm where all four arsenic species were generated with the same
sensitivity (and probably with 100% generation efficiency). Concentration of
1 mol dm was chosen as optimum.

Since it is not possible to generate selectively and quantitatively only iAs from
HCl medium, HG from TRIS buffer was tested. When pH of TRIS buffer was
adjusted to 8, only negligible signals (lower than 1.5%) from pentavalent species
were measured. Furthermore, sensitivity of iAs was equal and comparable with
the sensitivity obtained when generated from 1 mol dm HCl (100±4%).

The effect of addition of NaBH (1% solution) on sensitivities of iAs , iAs ,
MMA and DMA was tested in the range between 0.08 ml and 2 ml (in the case of
HCl medium) and in the range between 0.25 ml and 2 ml (in the case of TRIS buffer
medium at pH 8.00). Addition of at least 0.5 ml 1% NaBH was found sufficient to
generate arsanes quantitatively from all four arsenic species. The addition of
0.75 ml was chosen as optimum.

The CT was connected to the hydride generator to separate the mixture of
generated arsanes before the detection by AFS. Ar carrier was changed to hydro-
gen or helium. Preliminary results with a CT confirm that the peaks corresponding
to individual arsanes can be easily separated.

The conditions of HG at which arsanes from all four arsenic species were
generated with same sensitivity (and thus generation efficiency) were found.
Therefore, a single standard calibration can be used for both methods for
quantification of all other species. This advantage results in a shorter time for
analysis by HPLC–HG AFS because calibration is constructed only by means of
DMA , which elutes in the front part of the chromatogram. The accuracy of this
calibration approach was successfully demonstrated by the analysis of the
certified reference material of urine. The advantage of equal sensitivity for all
species obtained in the batch generator coupled to the CT lies in the fact that
determination of As species can be performed without further sample
pretreatment (pre-reduction) which brings potential risk of contamination at
ultratrace levels. Preliminary results suggest that this approach is very promising.
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Species Determined Certified
ng ml

MMA 1.85±0.12 1.87±0.39
DMA 3.81±0.22 3.47±0.41
iAs 4.1 ±0.45 3.88±0.32

–1

V

ng ml

0

–1

V

III+V

Table 1

Concentration of As species found in NIST 2669 by
HPLC–HG AFS, single species calibration (DMA ) was
used.
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1. Introduction

Proteomics is the field of research dealing with the study of structures and
functions of all proteins expressed by a human genome as well as interactions
between them. It also includes the identification and quantification of poly-
peptides, determination of their sequence, spatial structure and post-
-translational modifications. The problems that can be encountered in proteomic
analysis are mainly associated with a complex matrix and small amounts of target
proteins in the sample. So, there is a need of using effective, efficient and sensitive
analytical methods [1].

Currently, the qualitative analysis of biopolymers is dominated by mass
spectrometry and (PMF) method. It involves the diges-
tion of either all proteins (present in the sample) or previously isolated protein
fraction by a specific enzyme (typically trypsin) followed by mass spectrometric
determination of the resulting polypeptides which are often characteristic for
each individual protein present in the sample. In such a case the identification is

Peptide Mass Fingerprint

Trypsin-based monolithic immobilized

enzymatic reactor for proteomic analysis
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Abstract

The aim of this work was preparation and evaluation of a miniaturized reactor
with immobilized trypsin for digestion of proteins. Initially, the monolithic
support (copolymer of glycidyl methacrylate and ethylene glycol dimeth-
acrylate) was synthesized in the fused silica capillary. Epoxy group was then
modified which resulted in creation of the spacer arm to which trypsin was
bound. The first step was aminolysis of the epoxy groups with 1,6-diamino-
hexane, followed by the attachment of glutaraldehyde to which the enzyme
was bound via its amino groups (lysine residues). Finally, the imine bonds
were reduced using sodium cyanoborohydride. Monolithic enzyme reactor
was tested for its activity using BAEE ( benzoyl-L-arginine ethyl ester) and
macromolecular protein as substrates. In the case of BAEE the reaction
products were separated using nanoHPLC and the efficiency of the reaction
was determinated by peak area of the substrate. The hydrolysis products of
human lactoferrin were analyzed with MALDI-TOF.

N -α

Keywords

enzymatic microreactors
monolithic support
proteomics
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based on a comparison of the obtained MS spectra with the proteomic database.
The standard proteolysis procedure includes the enzymatic digestion of the
protein in homogeneous solution with dissolved trypsin and in the presence of
benzamidine (competitive inhibitor). This method has some limitations, the most
important of which are: it is time-consuming (long incubation period of the
analyte with the small amount of soluble enzyme which prevents from undesi-
rable autodigestion), a lot of manual work (associated with the increased the risk
of contamination and loss of the reaction products), the sample contamination
with the fragments from autolysis of the proteases, significant loss of the enzyme
as a result of the autodigestion and the difficulty to recover it. One of the solutions
used in this area is employing microfluidic reactors with immobilized enzymes
(Immobilized Enzyme Reactor, ). Microfluidic reactors offer the possibility
of rapid digestion of small amount of the analyte, which makes them particularly
attractive tools for proteomics or pharmaceutical studies. The IMERs make it
possible to carry out highly specific reactions with minimal manual handling,
reagent consumption and in a short time. The main important advantage of using
IMER is possibility of direct connection to the separation system and mass
spectrometer [2–4].

Monolithic organic copolymers are frequently used supports for immobili-
zation of enzymes. This is due to the special properties of the monoliths which
include the low back-pressure (which allows the use of the high flow rate) and
relatively high surface area (which guarantees the high density of functional
groups on the surface of the support). Immobilization of enzymes in microfluidic
devices is dominated by covalent attachment which prevents the enzyme from
leaching during the flow of the substrate solution through the capillary IMER. This
approach allows to obtain the highly durable and biologically inert system.
Additionally, the immobilization of the enzymes on the solid support leads to
increase their stability and resistance to denaturation [4–5].

× m o.d.) were obtained from Polymicro
Technologies; glycidyl meth-
acrylate (GMA), ethylene dimethacrylate (EDMA), cyclohexanol, 1-dodecanol,
1,6-hexanediamine, glutaraldehyde, sodium cyanoborohydride,
- benzamidine were obtained from Sigma-Adrich.
Trypsin was obtained from Biological Industries (trypsin: 365.47 USP-u/mg,
chymotrypsin: 151.23 USP-u/mg); azobisisobutyronitrile (AIBN) was from Fluka.

IMER

2. Experimental

2.1 Reagents and chemicals

N

Fused-silica capillaries (150 μm i.d. 375 μ
3-(trimethoxysilyl)propyl methacrylate (γ-MAPS),

-Benzoyl-L-
arginine ethyl ester (BAEE),

α
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2.2 Instrumentation

2.3 Capillary pretreatment

2.4 The preparation of the monolithic support

2.5 Immobilization of trypsin

IMER evaluation

A syringe pump type NE-1002X (New Era Pump Systems) was used to push the
reagents (during the modification) and

the thermostat
(Julabo, type F25) connected to a specially designed heat exchanger was used. All
chromatographic experiments were performed in a nanoHPLC chromatograph
system consisting of a 1100 Series Agilent Technologies pump, a 10-port nanoLC
valve (model C72MX-6690D Vici-Valco) and a Crystal 100 UV-Vis detector
(Thermo Separation Products). The system was controlled with the Clarity
software (DataApex, Prague Czech Republic).

Initially, the capillary × m o.d.) was rinsed with acetone and
dichloromethane and then dried with an inert gas (nitrogen). The inner wall of the
fused silica capillary was treated with 1 M NaOH solution at 100 °C for 3 h
(etching)
solution in toluene. The reaction was performed at room temperature for 2 h.

The polymerization mixture consisted of 24% GMA, 16% EDMA (w/w), 1% AIBN
(w/w with respect to the total monomer content) and porogen solution contai-
ning 70% cyclohexanol and 30% 1-dodecanol (60% with respect to the total mass
of the mixture). The prepared polymerization mixture was sonicated, shaked and
purged with nitrogen. The polymerization was carried out in a water bath with
stirrer at 80 °C for 24 h.

The aminolysis of epoxy rings was carried out with 10% 1,6-hexanediamine solu-
tion in 0.1 M sodium bicarbonate buffer for 2.5 h at 80 °C. The glutaraldehyde
attachment was performed using 10% glutaraldehyde solution in 0.05 M PBS for
3 h at room temperature. The immobilization was carried out with 3.5 mg/ml
trypsin solution in PBS with benzamidine addition for 24 h at 4 °C. Finally, the
imine bonds were reduced with NaCNBH for 2 h at room temperature (Fig. 1).

The yield of of
L-arginine ethyl ester (BAEE). The

substrate solution (in 0.05 mM phosphate-buffered saline (PBS), pH = 8) was

substrate solution through the μ-IMER. In
the case of carrying out the reaction at a constant temperature

(150 μm i.d. 375 μ

. Surface modification (silanization) was carried out with 10% γ-MAPS

the reaction carried out in μ-IMER was determined by hydrolysis
the standard substrate for trypsin -benzoyl-

3

2.6 μ-

Nα

132 the 1Proceedings of 1th ISC Modern Analytical Chemistry Prague 2015▪



passed thro the syringe pump and the eluate from the
continuously passing through the injection loop was sequentially introduced into
the chromatographic column.

ased
on the peak area of the substrate using the calibration curve. The separation was
performed using a nanoHPLC column packed with octadecyl stationary phase.
The mobile phase consisted of water (with 0.1% trifluoroacetic acid (TFA)) and
acetonitrile (ACN with 0.1% TFA) at a flow rate of 2.0 The
chromatographic process was started from 20% of ACN content in a mobile phase
which increased to final 40% ACN. The detection was performed at the
wavelength of .

ugh a μ-IMER using μ-IMER

The reaction product, -benzoyl-L-arginine (BA),
was separated from the BAEE and the degree of hydrolysis was determined b

μl/min.

λ = 223 nm

Nα

Fig. .1 a) Scanning electron micrograph of monolithic GMA-co-EDMA, b) the chemical formula of
copolymer c) scheme immobilization of trypsin on the support.
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2.7 Protein digestion and MALDI-TOF identification

1.8 mg of of a buffer (50 mM ammonium
bicarbonate buffer, pH = 8.05). The protein solution was passed through a
using a syringe pump at 37 °C and at a flow rate of 0.75
equalled 68

PMF spectra of lactoferrin was
recorded in the positive mode using an acceleration voltage of 25 kV. The matrix
used during the sample prepa

The degree of hydrolysis of the ester (BAEE) was calculated on the basis of the
substrate concentrations in the solutions before ( [mM]) and after
( [mM]) (determined by the calibration
curve) [mM] by the following formula:

(1)

The BAEE solutions in the range of concentration 0.5–75,0 mM w
-IMER at the different flow rates: 0.25, 0.50, 0.75 and 1.00 [ ]

(Fig. 2). Additionally, the 25.
(Fig. 3)

The results indicate that the degree of hydrolysis BAEE decreased with the
increasing of both flow rate and substrate concentration. It was due to the reduced
contact time between the enzyme and substrate, determining the possibility of

lactoferrin was dissolved in 500 μl
μ-IMER

μl/min (residence time
s). The eluate from the μ-IMER was collected in a plastic vial and then

analysed using a mass spectrometer MALDI-TOF.

ration was the acid α-cyano-4-hydroxycinnamic
acid (CHCA).

reaction carried out in the μ-IMER

ere passed
through the μ μl/min

0 mM BAEE solution was passed through the μ-IMER
at the different temperatures: 15, 20, 30 and 37 °C .

3. Results and discussion

cBAEE, wz

cBAEE

Fig. 2. The effect of BAEE concentration on degree of hydrolysis at different flow rates of the
substrate solution.
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supramolecular fitting of the active sites of the biocatalyst to the place of its
activities. It was also observed that the degree of hydrolysis of BAEE increased
with the temperature and reached the highest value at 37 °C.

The results obtained for lactoferrin digest (analysed by MALDI-TOF) indicate
that the protein was completely hydrolysed (no signal from intact lactoferrin on
the MS spectra; Fig. 4). However, in the spectrum recorded only three
characteristic signals (resulting from trypsin activity) and a large number of other
signals at low values of (derived from the polypeptides of different molecular
weight). Probably, the reason of the observed phenomenon is the presence (in the
purchased trypsin) of significant amounts of chymotrypsin. Nevertheless, the
results confirm the immobilization of trypsin on a support and the maintaining of
its specific activity (occurrence of characteristic signals on the MS spectrum;
Fig. 5). The non-specific operation of was entirely due to the activity of
chymotrypsin.

m/z

μ-IMER

Fig. 3. The comparison of chromatograms obtained by the direct introduction of 25 mM substrate
solution onto a separation column, and after passing it through the at = 1 min at
different temperatures.

μ-IMER μl/F
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Fig. 4. Comparison of mass spectra of the eluate from the and the native lactoferrin solution.μ-IMER

Fig. 5. Comparison of the mass spectra fragments containing the characteristic signals:
(A) lactoferrin digested with trypsin in a solution (incubation time: 14 h)
(B) lactoferrin digested with 8 s).μ-IMER (residence time: 6
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4. Conclusions

The prepared showed a high enzymatic activity with regard to both low
and high molecular weight substrates (BAEE and lactoferrin). It allows to carry
out the reaction at the short time without significant loss of efficiency

μ-IMER
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1. Introduction

2. Experimental

High-performance liquid chromatography is commonly used as an effective
analytical method for the separation of enantiomers. Recently, derivatized
cyclofructans, with aliphatic and aromatic functionalities have been developed as
bonded chiral stationary phases for HPLC. Derivatized cyclofructan-based chiral
stationary phases provide excellent and unique selectivities for a variety of
racemic mixtures. These columns are multimodal, i. e. they can be used in normal
phase, polar organic, and reversed-phase modes. They also show higher stability
by using common organic solvents and more aggressive acidic and basic
additives [1].

Phytoalexins are secondary metabolites produced by plants. These natural
compounds and their derivatives have received attention because of their
biological activities, including antibacterial, chemopreventive and significant
antiproliferative properties [2].

The present study deals with the comparison of direct LC enantiomeric
separation of new racemic analogs of phytoalexins on two derivatized-cyclo-
fructan based chiral stationary phases, Larihc CF6-RN and Larihc CF7-DMP, under
normal phase mode.

New racemic derivatives of indole phytoalexins were synthesized at the
Department of Organic Chemistry (P. J. Šafárik University, Košice). HPLC grade
organic solvents were purchased from Merck.

2.1 Reagents and chemicals

HPLC enantioseparation on derivatized

cyclofructan chiral stationary phases

M M T GARIANNA OSKAĽOVÁ*, AŤÁNA ONDOVÁ

P. J. Šafárik University, Faculty of Science, Department of Analytical Chemistry,

Moyzesova 11, 040 01 Košice, Slovak Republic marianna.moskalova@gmail.com�

Abstract

The direct HPLC enantiomeric separation of new racemic compounds was
studied on a cyclofructan-based chiral stationary phases under normal phase
mode. The various experimental variables were investigated for the
optimization of the separation.

Keywords
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cyclofructan
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2.2 Instrumentation

n

HPLC experiments were performed on Infinity 1200 HPLC system consisted of
a pump, an injection valve Rheodyne with a 20

- gth. Chiral separations were performed
on Larihc CF6-RN and Larihc CF7-DMP columns (250 × 4.6 mm, ; University
of Texas, Arlington, USA).

Direct HPLC separation was performed on two derivatized cyclofructan chiral
stationary phases in the normal phase mode. The mobile phases consisted of

-hexane and polar modifier in various ratios. The effects of the type and
concentration of the polar modifier as well as the nature and concentration of
mobile phase additives (acidic and basic) on the chromatographic parameters
were tested. The results obtained on two different chiral stationary phases were
compared (Fig. 1.). The influence of column temperature on enantioselectivity
was also examined.

μL sample loop and an LC
UV visible detector with variable wavelen

5 μm

3. Results and discussion

Fig. .1 Separation of chiral compound on two different chiral stationary phases (mobile phase:
-hexane:2-propanol (90:10 v/v), temperature 20 °C, detection 250 nm).n
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4. Conclusions

Two derivatized cyclofructan chiral stationary phases were used for the
enantiomeric separation of new bioactive racemic compounds under normal
phase conditions. The results obtained were evaluated and compared. It was
shown, that the chiral separation was affected by the type of chiral selector, mobile
phase composition as well as the structure of tested analytes.
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1. Introduction

Edible oil is a mixture of chemical compounds, such as essential fatty acids (satu-
rated and unsaturated), their derivatives and terpenes, sterols, and carotenoids
that are soluble in organic solvents i.e. hexane, methanol, ethyl ether and
chloroform [1–5]. A number of research proved that edible oil provides some
essential compounds for the diet and contributes positively to human health
[6 13]. However, edible oil is at the risk of adulteration and deterioration that
generates some disadvantages for the consumer [14]. Therefore, the authenticity
of edible oils on the market should be controlled as well as their quality on the pro
duction level. Given this fact, it constitutes a threat to human health, in particular
those with food allergies (some components of edible oils have sensitizing
properties).

The electronic nose is widely applied in food industries: spirits, wine, fruit,
vegetable, and dairy food production. This devise can be used to detect food
adulteration and evaluate the freshness of food products thus useful for food
quality control [15 21]. Hence, an analytical tool employing electronic nose is
necessary to evaluate the quality profile of edible oil products. In order to achieve
this purpose, the electronic nose based on ultra-fast gas chromatography was
used to evaluate and distinguish the volatile fraction profiles of oil samples
originated from sunflower and rapeseed.

–

-

–
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rapeseed oil classification
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Abstract

The electronic nose is an analytical device often used in food industries to
examine the authenticity of their products. The use of the electronic nose
allows for a rapid assessment of the quality of food. The oil samples from
sunflower and rapeseed were used in this study. Both oil samples were kept
inside the thermostat incubator at different ranging from 20 °C to 180 °C with
increment of 40 °C. Principal Component Analysis were employed to evaluate
the data. The results confirmed that the electronic nose was successfully used
to distinguish the oil samples from sunflower and rapeseed.
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Autosampler

Analyzer

Trap

Chromatographic temperature program

Incubation time 900 s
Agitation speed 500 rpm

Injection volume 2500
Injection speed 250

Trapping temperature 40 °C
Split valve 1

40 °C (4 s) 270 °C (30 s)

μl
μl/s

ml/min

3 °C/s

Table 1

Working parameters of the electronic nose used for sunflower and rapeseed oil classification.

2. Experimental

The edible oils used in this study were obtained from Polish market including
refined Wyborny rapeseed oil (Jeronimo Martines S.A, Poland) and Słoneczni-
kowy sunflower oil (Tesco SP. Z. O. O, Poland). The samples were kept in plastic
packaging with light protection at room temperature.

The samples were placed into 20 cm vial and closed with cap made from a teflon-
-silicone membrane. The samples were then heated for 24 hours at different
temperature ranging from 20 °C to 180 C with an interval of 40 C. The analyses
were in triplicate.

The prototype of heating device with temperature control was used in this study
developed at the Department of Analytical Chemistry, Faculty of Chemistry,
Gdańsk University of Technology. The analyses were carried out using Heracles II
electronic nose equipped with HS 100 auto-sampler (Alpha M.O.S., Toulouse,
France). In Table 1. the list of experimental conditions of electronic nose device
was presented.

2.1 Samples

2.2 Analytical procedure

2.3 Instrumentation

3

° °
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Fig. .1 The PCA results obtained for sunflower (marked in red colour) and rapeseed (marked in blue
color) oil samples incubated in temperature: (A) 20 °C, (B) 60 C, (C) 100 C, (D) 140 C, (E) 180 C.° ° ° °

2.4 Data analysis and chemometrics

The data obtained from the analysis were calculated using a chemometric method,
namely Principal Component Analysis (PCA), via a data analysis software Alpha-
Soft version 12.4.

The PCA has been used to evaluate the data obtained from the analysis of oil
samples after exposure to different temperatures (20 °C, 60 C, 100 C, 140 C, and
180 C). The results from PCA analysis is shown in Fig. 1. Regarding to the obtained
results it can be noticed that independently on the temperature in which the incu-
bation process was provided the discrimination of both types of oils can be
achieved using electronic nose device. The reduction of input data was not

3. Results and discussion

° ° °
°
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Fig. 2. The PCA result obtained for sunflower (marked in red colour) and rapeseed (marked in blue
color) oil samples incubated in the range of temperature from 20 °C to 180 C with interval of 40 C.° °

significant. For each PCA result output data consisted more than 97% of input
data. It proves a proper PCA loadings were applied. The precision of the results is
higher for sunflower samples. The incubation temperature has great influence on
differentiation of these two types of samples. Moreover, it can be explained in
higher temperatures degradation process is in much more advanced stage. Then
the differences in the composition of these two types of samples are more distinct.
In higher temperatures low molecular weight compounds, i.e. aldehydes, ketones,
derivatives of carboxylic acids, and many more substances are created as an
artefacts. On the other hand need to be noticed that regarding to the Fig. 1 all
samples during one experiment was done by the use of a set of samples incubated
in one fixed temperature and it was a basis to provide one single PCA result. In this
case the samples incubated in different temperatures were not compared. For this
reason another single PCA result was provided for the samples incubated in whole
above mentioned range of temperature (from 20 °C to 180 C with intervals of
40 C). This PCA score is presented in Fig. 2. Regarding to the Fig. 2 it can be
observed that the reduction of data was increased. In this case more than 86% of
inlet data constitute the outlet data. Despite of that fact full discrimination of both
types of samples was also achieved independently in which temperature samples
were incubated.

Regarding to the provided study it is confirmed the electronic nose is a powerful
tool which allows to conduct unambiguous classification of sunflower and

°
°

4. Conclusions
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rapeseed oils. Using the elaborated analytical procedure and above-mentioned
device it is possible to differentiate both types of samples incubated in room
temperature (20 °C), which is nearly the same temperature when customer is
purchasing the oils from supplier. Moreover, the authenticity of oil can be also
confirmed when the incubation temperature is not known. This can be helpful for
measurement in which fried oil is used. The range of 20 °C to 180 C was used in
this research due to the conditions used during the frying on oil in home,
restaurants and other catering outlets.

Summarizing, provided work gives a great opportunity to increase the state of
the knowledge on food safety in terms of the topic of allergy and it can be a back-
ground for continuation of works connected with electronic nose application in
terms of thermal degradation of oils.

°
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1. Introduction

Vapour generation techniques are widely applied in elemental determinations to
increase the sensitivity of analytical atomic spectrometric methods and suppress
the spectral interferences. [1] The emerging UV-photochemical vapour gene
ration offers several advantages compared to the widely accepted chemical
vapour generation. In the case of selenium, the major advantage is an on-line
pre reduction of the selenate ion using the TiO catalyst. [2] Another general
advantages lie in significantly lower performance cost, simple operation and
avoidance of an environmentally harmful sodium tetrahydroborate reagent.
Furthermore, negligible evolution of hydrogen compared to other methods of
vapour generation improves stability of plasma ionization sources (ICP, DBD, etc.)
when they are employed. [3] The use of low molecular organic hole scavengers
(usually acids) instead of sodium tetrahydroborate allows to further decrease the
limits of detection, which are currently limited by the purity of the reductant. Wide
range of elements seem to be accessible by this generation technique: As, Bi, Co,
Fe, I, Hg, Ni, Sb, Se, Sn, Pb, Te with the possibility of expanding the scope to cover
other transition metals (e.g. Ag, Au, Cu, Pd, Rh) or even non-metals (S) (ref. [4 6]).

-

-

–

2

UV-photochemical volatile compounds

generation from selenium species
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Abstract

The contribution summarizes the results of TiO /UV-photochemical vapour
generation of volatile form of Se from various selenium species. This emerging
method of vapour generation uses the knowledge achieved in the water
treatment processes for a very sensitive determination of Se species. It is
particularly efficient in the determination of inorganic selenium; very good
limits of detection in the pg∙mL region were obtained for selenate and
selenite with QT-AAS detection. Nevertheless this technique is also suitable for
very sensitive determination of organic Se species. The methods accuracy was
assessed by the analysis of spiked matrices (groundwater and mineral water
samples) and by an interference study. Furthermore, experiments were
carried out to find the wavelength and energy responsible for the UV-photo
chemical generation of Se volatile compound and to obtain some information
about the reactions taking place during the reduction/generation process.

2
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-
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–Selenium volatile compounds generation is widely studied [7 13] because Se
is a useful model analyte for these techniques. Otherwise it is also a toxicologically
interesting element causing concern especially in environmental toxicology.

Deionized water used in the preparation of solutions was prepared by the
MilliQplus system (Millipore, USA). All chemicals used were of the p.a. purity or
better. Sodium selenite pentahydrate, sodium selenate decahydrate, methyl-Se-
-cysteine hydrochloride, Se-urea and Se-L-methionine (all from Sigma-Aldrich)
were used to prepare standard solutions of 100 μg∙L of Se in the given form.
Formic, acetic and propionic acids (all Sigma-Aldrich, ACS reagent purity) were
used as hole scavengers/generation medium. Nanocrystaline TiO (Sigma-
Aldrich) suspended in a matching acid was continuously added to the irradiated
reaction mixture. K S O was used to release Se from its organic substances. Argon
(4.8, Linde Gas, CR) and H (3.0, Linde gas, CR) were used as the carrier and
atomization gases. Diluted standard solutions (for atomic spectrometry) of As, Sb,
Cu, Ni, Fe, Na, Ca and Mg (Analytika, CR) as well as solutions of HCl, HNO (Merck),
NaCl, NaNO (Lach-ner, CR) were used to evaluate the influence of the concomitant
ions on the determination of Se.

The photochemical reactor used in this study consisted of a PTFE tubing (0.8 mm
i.d., 1.58 mm o.d.) wrapped around a low pressure mercury UV lamp (20 W,
253.7 nm). A Solaar 939 atomic absorption spectrometer (Unicam, UK) equipped
with an externally resistance-heated (EHT, RMI, Czech Republic) quartz tube
atomizer (T-shaped, optical axis arm length 120 mm and internal diameter 8 mm,
inlet arm length 100 mm and internal diameter 5 mm) was used in this work.
Measurements were carried out at the 196.0 nm line (0.5 nm bandwidth).
A MasterFlex L/S peristaltic pump (Cole-Parmer, USA) was used for pumping and
withdrawing of all solutions. The apparatus used in this work is shown in Fig.1.

Experimental conditions were first tested and optimized for the determination of
the inorganic forms selenite and selenate. The optimized reaction conditions
included the type and the concentration of the low molecular weight organic acid,
concentration of the titanium dioxide suspension, reactor length, sample volume,
flow rate of the organic acid and flow rates and introduction positions of the
carrier and atomization gases. Superior limits of detection on the pg∙mL level

2. Experimental

3. Results and discussion

2.1 Reagents and chemicals

2.2 Instrumentation
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–1
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2
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Fig. .1

.

Apparatus for the flow injection determination of Se by the TiO /UV-photochemical vapour
generation with QT-AAS detection

2

were achieved for 100 μL of selenite and selenate, which are comparable with the
results generally attained with MS or AFS detection. [9, 10] On the other hand,
UV-photochemical generation from at least some organoSe compounds (methyl
-Se-cystein, Se-methionine) is a more complicated matter. It has been found
possible when using the TiO /UV generation system without further additives;
nevertheless the acquired sensitivity is notably worse compared to the inorganic

e compounds due to an incomplete reaction. This was proved by the addition of
K S O , which led to an increase of generation efficiency and analytical signals of
organic Se compounds. Finding a suitable reaction modifier will be necessary for
further improvement of this technique.

The methods accuracy was assessed by the analysis of spiked matrices
(groundwater and mineral water samples) and by an interference study. The later
included other hydride forming elements (As , Sb ), transition metals (Cu , Ni ,
Fe ), some of the major constituents of water samples (Na , Ca , Mg ) and the most
commonly occurring acids and their sodium salts (HCl, NaCl, HNO , NaNO ). It
seems that the UV-photochemical generation of Se is liable to interferences, which
can be partly caused by the purity of the chemicals used. However, no carry-over
effects were observed. Last but not least, UV lamps with different emission spectra
were tested for the UV generation of inorganic Se with and without TiO
suggesting that the 254 nm line is responsible for the generation reaction.

2
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4. Conclusions

Sensitive determination of Se in the form of the selenite ion, selenate ion, methyl-
Se-cysteine and Se-methionine has been achieved by the UV-photochemical
volatile compounds generation. The on-line generation of volatile Se compounds
from selenate ion required a reduction step, which was attained by the addition of
TiO slurry. This approach led to the achievement of superior limits of detection.
However, at the same time the sensitivity of organic Se species determination at
the given conditions was notably lower due to an incomplete reaction.
Nevertheless, in the end very good limits of detection below ng∙mL-1 region were
obtained for the selected forms of Se.

The drawback of this approach seems to be the interference of concomitant
ions, which would be studied further with the aim of reducing its influence.
Experiments done with different UV lamps suggest that the wavelength
responsible for the UV-photochemical generation may be the 254 nm line.

2
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1. Introduction

Endocrine disrupting compounds is a name for exogenous substances which, by
disrupting the proper functioning of the endocrine system, cause undesired
health effects on the organism exposed to them or on their offspring [1]. The
mechanisms of the activity of those compounds may vary, starting from disrup-
tions of the synthesis pathway of a given hormone, binding with another receptor
to a direct modification of the activity of natural hormones. It should be noted that
the signal regulation of the endocrine system takes place with the participation of
a very low concentration of transmitters (hormones) and that is why an exposure
of an organism to even small doses of endocrine active compounds may disrupt its
homeostasis [2].

A vast number of chemical substances is considered to belong to the group of
endocrine compounds, including substances which occur naturally in the
environment, such as mycotoxins and phytoestrogens, and substances which have

Analytical aspects of model compounds

toxicity assessment using MTT and

Microtox bioanalytical assays
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Abstract

More and more increased intensity of anthropopressure processes can be
observed, among other things, in the release of great quantities of synthetic
substances into the environment, including the endocrine disrupting com-
pounds. The effects of the above-mentioned human impact on the environ-
ment not only can be noticed in the homeostasis disturbance in ecosystems,
but they are also visible with respect to human. The high incidence rate of
cancer and other civilization diseases has become a serious social problem.
Therefore, all attempts to broaden the knowledge about the relations and
mechanisms triggering the development of relevant diseases are justified. The
goal of the conducted research was to use bioanalytic methods to evaluate
cytotoxicity and acute toxicity of the selected endocrine disrupting com-
pounds which cause serious food contamination (bisphenol A, 4-nonyn-
phenol, 4- -octylphenol, diethylstilbestrol, bisphenol A diglycidyl ether and
its derivatives and phthalates) with MTT cel viability assay and Microtox
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been artificially released to the environment as a result of human activities
(synthetic hormones, growth promoters, phthalates, bisphenols, metals, pharma-
ceutical residues, organochlorine compounds including PCBs) [2]. The chemicals
selected for the studies were: bisphenol A (BPA), BPA diglycidyl ether (BADGE)
and its derivatives, 4- -octylphenol (4-t-OC), 4-nonylphenol (4NP), phthalates
and diethylstilbestrol (DES). All of the aforementioned compounds are present in
food products and their presence may be linked to numerous diseases affecting
people and animals. They are mainly suspected to contribute to the induction of
neoplastic diseases such as breast and prostate cancer, metabolic diseases, inclu-
ding obesity, genetic modifications and impairment of reproductive functions.
They are also suspected to have mutagenic and cytotoxic effects and to disrupt
regulatory pathways of some organs [1, 3–7].

The observed intensive development of the biological assessment methods for
the levels of toxic substances in the environment results primarily from the fact of
their high sensitivity in comparison to conventional chemical analysis pro-
cedures. These methods use advanced instrumental techniques both at the
detection, identification and quantification stages. The analysis of biological
response being the result of xenobiotic exposure, on the one hand allows to
determine the risk of toxic effects resulting from the presence of a specific
compound, and on the other hand, can provide the basis for the development of
appropriate biological tests markers for the presence of toxic substances in
a given environment. Presented study is focused on evaluation of cytotoxicity with
MTT cell viability assay and acute toxicity with Microtox assay. Measurement of
the cell life processes activity changes is conducted on the cell line or on the
microorganism treated with serial dilutions of selected chemical compound and
compared to the control (without the chemical). The measurement is usually
based on application of colorimetric, fluorimetric, bioluminescence or isotopic
techniques. Toxicity is assessed on the basis of the IC value defined as the
concentration affecting 50% of cells compared to untreated control cells, Among
the colorimetric techniques, the one most widely used quantitative method is
MTT assay, developed in the 80s of 20th century [8]. The MTT assay is based on the
measurement of mitochondrial metabolic activity by detection of the reduction of
the soluble yellow MTT tetrazolium salt to purple MTT formazan by action of
mitochondrial dehydrogenase [9]. Microtox assay is based on bioluminescence
of seawater bacteria . It was developed in late 70s
[10]. It is used to evaluate acute toxicity of the sample which is estimated by
bioluminescence intensity decrease. The designated parameter is effective
concentration (EC ) causing 50% decrease in bioluminescence.

The aim of this work was to assess cytotoxicity and acute toxicity of selected
xenbiotics, that are common food and environmental contaminants using
bioanalytical methods. These chemicals are linked to numerous diseases affecting
humans thus the information about the concentrations, that may induce those
diseases, is very important.

t

Vibrio fischeri

®

50 ,
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2. Experimental

2.1 Chemicals

t

2.2 MTT assay for quantitative cytotoxicity determination

2.3 Microtox assay for acute toxicity assessment

Vibrio fischeri

MCF-7 human breast adenocarcinoma cell line, Minimum Essential Medium Eagle
(MEM), trypsin-EDTA, Fetal Bovine Serum (FBS), Penicillin-Streptomycin,
Thiazolyl Blue Tetrazolium Bromide (MTT), dimethylsulfoxide DMSO, ethanol
(HPLC grade), bisphenol A, DES, BADGE and its derivatives, 4- -octylphenol,
4-nonylphenol, dioctyl and diethyl phthalates were purchased from Sigma Adrich.
Microtox assay kit was purchased from Omniwater (UK).

The MCF-7 cells were plated on 96-well plates at a density 8×10 cells per well and
allowed to attach for 24 before treatment with xenobiotics. Stock solution of
selected compounds (4, 2, 1, 0.5, 0.1, 0.05 mg/mL) were prepared by dissolving in
absolute ethanol. The final concentration were obtained by appropriate dilution
of the stock solutions in the culture medium. Cells were exposed to 0.5–40 μg/mL
of each compound for 3, 6, 24 and 72 h. The final ethanol concentration in the
medium was 1% for each sample. After each incubation time cells were washed
with 200 μL of fresh culture medium. 50 μL of MTT dissolved in deionized water
(4 mg/mL) was added to each well and cells were incubated for 4 h. After the end
of incubation period the media were discarded and 75 μL of DMSO was added to
dissolve formazan crystals. Plates were shaken for 20 min and after that time the
absorbance was measured at 550 nm using a spectrophotometer (Tecan Infinite
200 PRO microplate reader). All experiments were performed in triplicate and all
cells used in the experiment were between 5 and 15 passage.

Gram-negative bacteria were treated with model solutions of selec-
ted xenobiotics The exposure time was 30 min. The bacteria was purchased in
freeze-dried form and activated by rehydratation with a reconstitution solution
(specially prepared nontoxic Ultra-Pure Water) to provide a ready-to-use suspen-
sion of organisms. The osmolarity of all standard and samples was adjusted to 2%
NaCl for the optimal performance. A dilution series of the samples to be analysed
were prepared in 2% NaCl. Stock solution of selected compounds (4, 2, 1, 0.5, 0.1,
0.05 mg/mL) were prepared by dissolving in absolute ethanol. The final
concentration were obtained by appropriate dilution of the stock solutions in the
distilled water (final ethanol concentration was 2%). A fixed amount of bacteria
was added to the dilution vials. The light emission of this bacteria in contact with
different samples and exposure times was measured using the Microtox 500
analyser. The data were processed according to the Basic Test Protocol.

3
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3. Results and discussion

3.1 MTT assay

t

The results obtained during studies of influence of different concentrations of
selected chemicals that belong to the endocrine disrupting compounds group
to MCF-7 cells determined by MTT cytotoxicity assay are shown on Fig. 1. The
results are demonstrated in dose-dependent significant cytotoxic effect. In most
cases it was not possible to determine IC value, because most of examined
chemicals did not caused such cell viability decrease in studied concentrations
range. To compare the results, the areas under each chart was calculated and then
presented on the cumulative chart (Fig. 2). It is easy to see, that the compound that
causes the highest viability inhibition in every incubation time for concentrations
4–2 mg/mL is 4- -octylphenol. Also occurrence of a chemical hormesis can be
observed, especially for BPA (3 h and 6 h incubation) and diethyl phthalate (24 h
incubation). It is probably connected with strong estrogenic activity of these
compounds, which stimulate growth processes of neoplastic cells of breast adeno-
carcinoma by influencing estrogen receptors present in these cells. Chemical
hormesis phenomenon also can be caused by enzymatic activity of mitochondrial
dehydrogenases reducing MTT reagent, that are still active for some time since
cell death. Strong concentration dependence could be also observed, with highest
values of viability inhibition for highest concentrations and only slight
changes(comparing to control) for lowest ones.

50

Fig. 2. Cumulative chart comparing toxicity of selected xenbiotics.
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Compound EC [ mol/dm ]

BPA bis(3-chloro-2-hydroxypropyl)ether 40.2
Bisphenol A 46.7
BPA bis (3-chloro-2-hydroxypropyl)(2,3-dihyroxypropyl)ether 61.3
4-t-octylphenol 72.0
Bispehol A diglycidyl ether (BADGE) 89.2
Diethylphthalate 108.0
BPA (2,3-dihydroxypropyl)glycidyl ether 115.1
BPA bis (2,3)-dihydroxyproyl ether –7.2

50
3μ

Table 1

EC values calculated for selected compounds.50

3.2 Microtox assay

Acute toxicity was assessed with Microtox assay. Obtained results and calculated
EC values are shown in Fig. 3 and Table 1. Calculating EC value for diethyl-
stilbestrol and 4-nonylphenol was impossible in the studied concentration range
(highly toxic). The highest acute toxicity towards Vibrio fischeri bacterium was
assessed for BPA bis (3-chloro-2-hydroxypropyl) ether and bisphenol A with the
lowest EC value (40.2 and 46.7 μmol/dm ). Chemical hormesis can be observed
for most of the lowest compounds concentrations, despite BPA and diethyl

50 50

50
3

Fig. 3. Toxicity of selected xenobitics toward .Vibrio fischeri
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phthalate. Dioctyl phthalate seems to induce bacterial luminescence (as shown in
the Fig. 3 and Table 1).

Cytotoxicity and acute toxicity of selected compounds, that are suspected to have
endocrine disrupting effect toward living organisms, was assessed by two afore-
mentioned bioassays MTT cell viability assay and Microtox assay. Obtained results
does not seem to be correlated, although in both cases 4-nonylphenol and
4- -octylphenol show the highest toxicity. The lack of correlation results from the
differences in test organisms and the principle of the assays. BPA bis-(2,3-di-
hydroxypropyl ether) shows the lowest toxic effect both towards MCF-7 cells and

bacteria. Hormesis phenomenon observed in MTT test for bis-
phenol A and diethyl phthalate after short incubation period may indicate an
estrogenic activity of these chemicals.

4. Conclusions

t

Vibrio fischeri
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1. Introduction

Due to harsh climate conditions and characteristic landform Arctic areas were
little changed by humans. Although there are local sources of pollution (like cruise
ships, drilling platforms, wastes from town), bigger impact on increased pollu-
tants concentration has long range transport of pollutants from lower latitudes
(Europe, Russia, Canada). Migration of pollutants is facilitated by specific
arrangement of air masses during winter and early spring. Also because natural
regeneration processes are slow, contamination caused by anthropogenic
activities has a significant impact on the quality of the environment. The intro-
duction of compounds, like heavy metals or persistent organic pollutants may
disrupt natural homeostatic mechanisms which in turn may lead to the collapse of
ecological balance. Persistent organic pollutants may derived from many various
sources, like from fossil fuel burning, forest fires, industry activity etc. Polycyclic
aromatic hydrocarbons and polychlorinated biphenyls belong to this group of
compounds and their main properties are presented on Fig. 1.

Recently a growing interest is noted on the effects of especially long-term
health effects of pollution on living organisms. PCB and PAH may bioaccumulate in
fatty tissue and their toxic effect was proved in many research study 1–4 .
Topographic analysis of glaciers in Svalbard has shown that since 1936 they
reduced each year, resulting in a reversion substantial part of them 8 and
when snow melts impurities contained in it are also released.

[ ]

[6– ]

Arctic as a reservoir for polycyclic aromatic

hydrocarbons and polychlorinated biphenyls

– water samples from Foxfonna glacier
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Abstract

Polycyclic aromatic hydrocarbons and polychlorinated biphenyls are groups of
stable compounds, hard to biodegrade, potentially toxic. Their presence in
Arctic environment may have a big impact on natural balance, fauna and flora.
Although Arctic areas should be unpolluted, some amounts of pollutants are
transferred from lower latitudes with sea currents and air masses. This paper
presents the amounts of selected persistent organic pollutants detected in
water samples from Svalbard
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2. Experimental

2.1 Sampling

23 samples of surface water were collected by from Foxfonna glacier between July
and August 2012.

°

were shaken for 15 minutes. Extract was collected and procedure was
repeated. In a next step sam ples were evaporated into 300 μl under gentle
nitrogen stream and stored in the refrigerator. All analysis in experimental part
were done in Department of Analytical Chemistry (Gdańsk University of Techno-
logy). Internal standards contains the mixture of compounds from the group of
PCBs in isooctane having a concentration of each compound of 5 μg/ml (PCB 28,
138, 153, 101, 118, 180) and mixture of 16 compounds from the group of PAH in

M having a concentration of each compound 2000 μg/ml. Fig. 2 presents the
extent of Foxfonna glacier.

Samples were transferred into bottles and transported by ship
into laboratory for further analysis (at 4 C). Internal standards were added into
500 ml of each sample. Next 15 ml of (DCM) was added and
samples

-

DC

dichloromethane
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2.2 Instrumentation

a,h

Liquid-liquid extraction was used for sample preparation. Final determination
technique for all PCBs and PAHs analysis was gas chromatography-mass spectro-
meter (GC: Agilent Technologies 7890A System; MS: Agilent Technologies 5975C
Inert MSD). All analysis were done in the second quarter of 2014.

Analysis confirms presence of 14 PAHs and 3 PCB congeners. The highest average
value was detected for acenaphtene (about 17 μg/l), pyrene (about 5.1 μg/l),
acenaphtylene (2.5 μg/l), phenanthrene (2.3 μg/l) and naphthalene (1.7 μg/l).
The presence of chrysene and dibenzo[ ]anthracene was not confirmed (levels
were below limit of detection). In case of PCB only PCB 28, 118 and 153 were

3. Results and discussion
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Table 1

Level of determined polycyclic aromatic hydrocarbons.

Compound Range [ng/l] Average [ng/l] Standard deviation

Naphtalene 176–13200 1747 2705
Acenaphthylene 57.3 7643 2535 1944
Acenaphthene 406 57483 17041 14051
Fluorene 8.30 1633 321 369
Phenanthrene 49 6 10490 2311 2592
Anthracene 1.60 614 302 172
Fluoranthene 0.70 373 85 89
Pyrene 189 12646 5104 3120
Benzo[ ]anthracene 2.30 326 53 81
Chrysene
Benzo[ ]fluoranthene 31.2 317 98 61
Benzo[ ]fluoranthene 31.2 317 98 61
Benzo[ ]pyrene 5.64 2372 682 449
Indeno[1,2,3- ]pyrene 1.56- 10.8 6 2
Dibenzo[ ]anthracene
Benzo[ ]perylene 138 138 138 26

–
–
–

. –
–
–

–
–

–
–

–

–

a

n.d. n.d. n.d.

b

k

a

cd

a,h n.d. n.d. n.d.

g,h,i

Compound Range [ng/l] Average [ng/l] Standard deviation

PCB 28 0.60–6.13 2.89 1.84
PCB 118 2.43–30.1 12.4 5.72
PCB 153 2.45–3.14 2.80 0.74

Table 2

Level of determined polychlorinated biphenyls.

detected. The highest average value was for PCB 118 (about 0.012 μg/l), PCB 28
and PCB 153 were at lower levels (average value was about 0.003 μg/l). PCB 101,
138 and 180 were below limit of detection in each samples. Table 1 and 2 are
presenting levels of analysed compounds.

Polycyclic aromatic hydrocarbons may derived from many various sources both
natural (volcanic activity, forest fires, microbial activity in plant detritus) and
anthropogenic (fossil fuel burning, emissions from shipping, flaring at offshore oil
installations, oil seeps). Another source might be oil seeps from oil reservoirs or
hydrocarbon source rocks. PCB comes mostly from industry, but because of high
toxicity production is banned in many countries and usage is under strict control
(e.g. plasticizers in paints, coolants and insulating fluids for transformers).
Although usage of those compounds decreased, some amounts are still present in
natural environment (due to high stability and their chemical inability to be
oxidized and reduced in the natural environment).
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4. Conclusions

Arctic areas should be an unpolluted place, but mostly because of human activity
many toxic compounds enters this unique ecosystem. Pollutants may reach this
region with sea current or air masses and most of them are transported from
lower, more urbanized latitudes. Because of harsh climate conditions natural
regeneration processes are slow and pollutants might accumulate in various
components of the ecosystem. Results suggest need for further monitoring of
Arctic areas.
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1. Introduction

Hydride generation is a method of sample introduction commonly used in atomic
spectrometry for the determination of elements forming volatile hydrides. It
possesses several advantages like the separation of the analyte from the matrix
and thus reduction of the majority of interferences, and increase of determination
sensitivity [1]. Hydride generation is a suitable derivatization technique for
important environmental pollutants like mercury, lead, and arsenic.

Electrochemical hydride generation is a more ecological and economical
approach to hydride generation, avoiding the necessity to use tetrahydridobori-
tanes, which are expensive and unstable. [2] However, hydrides of some elements
are quite hard to obtain.

Tellurium is a rare element, but its use in industry is rising for example in foto-
voltaics the CdTe alloy is used [3] and it is used also in CD/bluray production [4].
This leads to its possible accumulation in the environment and necessity to
develop sensitive determination techniques.

Tellurium chemical hydride generation is a well-established method. [5, 6]
This work aims to develop an alternative method of electrochemical generation of
tellurium hydride for the use in atomic absorption spectroscopy.

Electrochemical hydride generation

of tellurium hydride coupled with QT AAS

T R J HINA ESSLEROVÁ*, AKUB RANÍČEK

Department of Analytical Chemistry, Faculty of Science, Charles University in Prague,
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Abstract

Hydride generation is a method of sample introduction commonly used in
atomic spectrometry for the determination of elements forming volatile
hydrides. It is a suitable derivatization technique for important environmental
pollutants like heavy metals. Electrochemical hydride generation is a more
ecological and economical alternative, avoiding the use of tetrahydrido-
boritanes. Its drawback is, that some elements are not so easily transferred
into the volatile compound. One of these is tellurium and this work is focused
on creating a suitable method for its determination. The generation conditions
were optimised and figures of merit were determined for the optimal
conditions. The effect of selected elements from various element groups was
also tested, including other hydride forming elements, transition metals and
metals from IA and IIA groups.

Keywords

AAS
electrochemical hydride

generation
interference
tellurium hydride
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2. Experimental

2.1 Reagents and chemicals

2.2 Instrumentation

Sulfuric acid of the suprapure purity (96 %, Merck) was used for the preparation
of electrolytes. Stock solutions of bismuth and nickel (1.001±0.005 g l , Merck),
stock solutions of tellurium, arsenic, selenium, lead, tin, antimony and zinc
(1.000±0.002 g l , Analytika, Prague) and solid CaCl 6H O, MgCl 6H O, KCl and
NaCl p.a. purity (Lachner ) were used for preparation of analysed samples.
Deionised water from Milli QPLUS (Millipore, USA) was used for dilution of
solutins. Argon of 99.998% purity (Linde Technoplyn, Prague) was used as carrier
gas. A 5 cm long, 0.5 mm wide platinum wire with purity 99.99% (Safina, CZ) was
used as the anode and a 1 mm wide wire of lead with purity 99.99 % (Aldrich of
the same length was used as the cathode.

A Pye Unicam 939 AA Spectrometer (Unicam, England) was used for the
experiments together with a laboratory made hydride generation apparatus
(Fig. 1). The catholyte and anolyte flow was driven by a peristaltic pump. The
sample and carrier gas were injected into the catholyte flow. Then both

–1

2
–1

2 2 2. .
, CZ

)

Fig. .1 Experimental setup: (1) anolyte, (2) catholyte, (3) peristaltic pump, (4) carrier gas, (5) gas
flow controller, (6) electrolytic cell, (7) gas/liguid separator, (8) waste, (9) quartz tube atomizer,
(10) detector.
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electrolytes entered the electrolytic cell where the hydride was generated. The
anolyte was recycled and catholyte was separated from the gaseous products of
the reaction in a separator.

The optimal working conditions for tellurium hydride generation were as
following: The flow of electrolytes was 3 ml min , the flow of carrier gas was
80 ml min , the current was 1 A to which corresponded 10 V. The concentration of
anolyte was 2 mol l and of catholyte 0.5 mol l . For these conditions the figures
of merit were found, the limit of detection was found to be 0.2 mg l , with limit of
linearity 20 mg l and a repeatability of 6.7%.

The interference study covered other hydride forming elements (As, Se, Bi, Sn,
Sb, and Pb), transition metals (Fe, Ni, Cu, and Zn) and alkaline and alkali-earth
metals (K, Ca, Na, and Mg). The hydride forming elements interfered when in ratio
1:10 (Te:interferent) which was most probably caused by competition between
tellurium and the interferent in both generation and atomization steps. The
transition metals interfere in aqueous phase and by more of less permanently
modifying the electrode. Interference of transition metals was also studied in
detection of selenium [7] where the results were similar; however the inter-
ference was studied only for ratios larger than 1:1. In small concentrations most of
these elements worked as a reaction modifier by increasing the signal even by
50%. The alkaline and alkali-earth metals interfered significantly only in great
excess (1:1000 and more).

The accuracy of the method was tested on several spiked beverage samples
(sweetened and unsweetened bottled water, tea and red wine).

The optimal working conditions for tellurium hydride generation were found and
the limit of detection was found to be 0.2 mg l . The interference study was done
and and the transition metals were found to be the most important group of
interferents, because of the electrode modification and modification of reactions
in the cell. The results obtained from spiked samples were mostly in agreement
with expected values.

3. Results and discussion

4. Conclusions

–1

–1

–1 –1

–1

–1

–1
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1. Introduction

Nitrophenols are well known environmental pollutants, which come mainly from
industrial processes, especially from fabrication of common pesticides, pharma-
ceuticals, explosive and dyes [1]. Furthermore, they are often used as plants
growth stimulators [2]. Nitrophenols are suspected from carcinogenic, mutagenic
and teratogenic effects [3] and many of them are listed in EPA Priority Pollutants
List [4]. They are easily electrochemically oxidisable and reducible as proved by
electrochemical study of 4-nitrophenol at glassy carbon electrode as a model to
understand the quantification of hydroxyl and nitro derivatives of aromatic
compounds [5].

Carbon film electrode is any solid electrode on which the carbon film is
deposited. For this work, polished silver solid amalgam electrode has been used as
a conductive substrate. Carbon film electrode was developed as an alternative to
commercially available screen-printed carbon electrodes compatible with the
concept of “green analytical chemistry” [6]. The biggest advantage of carbon film
electrode is its simple, fast and inexpensive fabrication. When necessary, the film
can be easily removed by wiping it off by a filter paper and a new film can be
created by immersing the electrode’s surface into the carbon ink which is

Anodic voltammetric determination of

2-nitrophenol at a carbon film electrode in

model samples of drinking water
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Abstract

This work is focused on the development of new differential pulse voltam-
metric (DPV) method for the determination of submicromolar concentrations
of 2-nitrophenol using carbon film electrode. The highest and the best
developed DPV peak was obtained using Britton-Robinson buffer of pH = 6.0.
The best repeatability was obtained by inserting regeneration potentials

= 1300 mV; = 0 mV. The calibration curves of 2-nitrophenol in both
deionized and drinking water were linear in the concentration range from
4×10 to 1×10 mol L . Limit of quantification for DPV in deionized water
was 2.0×10 mol L and in drinking water 1.0×10 mol L .

E Ein fin

–7 –4 –1

–7 –1 –7 –1

Keywords

carbon film electrode
differential pulse

voltammetry
drinking water
2-nitrophenol

166 the 1Proceedings of 1th ISC Modern Analytical Chemistry Prague 2015▪



prepared from a carbon powder homogenously mixed with polystyrene and
dispersed in a suitable volatile solvent. Another advantage is its wide potential
window (ca. 3 V span), high sensitivity, and relatively low noise of measurements.

Using modern voltammetric methods the oxidisable organic compounds can
be determined at carbon film electrode as demonstrated by the determination of
selected drugs (e. g. paracetamol [7] and guanine and adenine [8]).

The stock solution of 2-nitrophenol (1×10 mol L ) was prepared by dissolving of
0.0139 g of the substance (Sigma-Aldrich, CAS reg. Number 88-75-5 ) in deioni
zed water and filling up to 100 mL. Boric acid, phosphoric acid, acetic acid, sodium
hydroxide and potassium chloride, were of p.a. purity (Lachner, Czech Republic).
Britton Robinson buffer was prepared by mixing of 0.2 mol L sodium hydroxide
with the mixture of 0.04 mol L of boric, phosphoric, and acetic acid. The pH was
measured by pH meter Jenway with combined glass electrode (type 924005,
Jenway, UK) and deionized water (Millipore Q plus system, Millipore, USA) for
preparation of all solutions was used.

All measurements were carried out using μAutolab type III potenciostat
(Metrohm Autolab, Netherland) and the software (NOVA 1.10, Metrohm Autolab,
Netherland) under the operating system Microsoft Windows 8 (Mircrosoft Corp.,
USA). All measurements were carried out in a three-electrode system with
platinum wire (Elektrochemicke detektory, Czech Republic) auxiliary electrode,
silver/silver chloride reference electrode (3 mol L KCl, Elektrochemicke
detektory, Czech Republic) and carbon film electrode on polished silver solid
amalgam electrode substrate, disk diameter 0.413 mm EcoTrend Plus, Czech
Republic) as working electrode. The scan rate 20 mV s , the pulse amplitude
50 mV, and pulse width 100 ms were used.

The conductive carbon ink for modification of the electrode surface was pre
pared by mixing 0.01 g of polystyrene, 0.09 g of carbon powder (microcrystalline
graphite 2 μm, CR 2, Maziva Tyn, Czech Republic) and 0.5 mL of 1,2-dichloro
ethane (MERCK, Germany). This mixture was homogenized by intensive agitation
for 3 minutes at Lab dancer (IKA®-Werke GmbH & Co. KG, Germany).

At first the influence of pH (2 12) on DPV behavior of 2-nitrophenol
(1×10 mol L ) has been tested. The highest and the best developed peak was
obtained using Britton-Robinson buffer of pH = 6.0.

2. Experimental

3. Results and discussion

2.1 Reagents and chemicals

2.2 Instrumentation
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Afterwards, the possibility of inserting the regeneration potential cycles to
diminish negative influence of the electrode passivation was investigated. These
regeneration potential cycles (initial potential ( ) before and final potential ( )
after the peak or both initial and final potential before the peak) were imposed on
the electrode in 150 cycles, with frequency 10 cycles per second. The best repe
atable and the best developed peaks were obtained using regeneration potential
cycles between = 1300 mV, = 0 mV.

All above mentioned conditions obtained during optimization processes were
used for measuring DPV calibration dependences of 2-nitrophenol in deionized
water and in model samples of drinking water. Britton-Robinson buffer of pH = 6.0
was used as supporting electrolyte and linear calibration curves were obtained in
the concentration range from 4×10 mol L to 1×10 mol L .

The applicability of the developed DPV method was tested on the direct
determination of 2-nitrophenol in model samples of drinking water. The model
samples of 2-nitrophenol were prepared by mixing 9.0 mL of tap water sample
containing the exact amount of 2-nitrophenol stock solution and 1.0 mL of the
Britton Robinson buffer of pH = 6.0. The concentration range from 2×10 mol L
to 1×10 mol L was measured. The DP voltammograms of 2-nitrophenol in
drinking water are depicted in Fig. 1.

E

E E
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in fin
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Fig. . -1 DP voltammograms of 2-nitrophenol at carbon film electrode in drinking water model sam
ples (9 mL of spiked drinking water was filled up to 10 mL with Britton-Robinson buffer of pH = 6.0).
The curves correspond to the concentrations of in 9 mL of drinking water model
sample: 0 (1); 2 (2); 4 (3); 6 (4); 8 (5); and 10 (6) μmol L .

2-nitrophenol
–1
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4. Conclusions

The DPV method for determination of 2-nitrophenol using carbon film electrode
based on anodic oxidation of the present hydroxyl group was developed. The best
results were obtained using Britton-Robinson buffer of pH = 6.0 with optimum
regeneration potentials = 1300 mV, = 0 mV. The linear calibration
dependences of 2-nitrophenol in deionized water with the limit of quantification
2.0×10 mol L were obtained. The practical applicability of this newly
developed DPV method, for direct determination of 2-nitrophenol at carbon film
electrode in drinking water has been verified. Limit of quantification in model
samples of drinking water, was = 1.0×10 mol L .
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1. Introduction

There is a growing interest in separation science to achieve dramatic increases in
resolution, speed and sensitivity in liquid chromatography. Significant advances
in technology were made for ultra-fast separation with high efficiency through an
Ultra-Performance Liquid Chromatography (UPLC Technology) by Waters [1].

UPLC has overcame the negative aspect of packed columns used in high-perfor-
mance liquid chromatography (HPLC) by precisely delivering mobile phase at
pressures up to 15,000 psi, thus enabling columns packed with smaller particles
(sub-2 m) to provide higher level of chromatographic performance [2]. Besides,
because of the separation methods are significantly faster, UPLC technology
reduces the use of eluents and wastes compared with conventional HPLC [3].
Furthermore, the UPLC system facilitates a low limit of detection since the signal-
-to-noise ratio is improved and the injection volume can be considerably reduced
without losing the sensitivity [4].

In order to compare the performance of HPLC and UPLC, analyses for the
determination of melatonin ( -acetyl-3-(2-aminoethyl)-5-methoxyindole; Fig. 1)

®
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Abstract

This study compares the HPLC and UPLC methods for the determination of
melatonin in rice extracts. The methods were validated in terms of linearity,
precision, limits of detection ( ) and quantification ( ). Repeatability
and intermediate precisions expressed as coefficient of variation ( ) were
less than 2.5% for HPLC and 1.5% for UPLC. Linear regression models fit
perfectly the standard curves with > 0.99 for both methods. The s were
1.15 g L and 0.73 g L while s were 3.84 g L and 2.19 g L , for
HPLC and UPLC respectively. High efficiency UPLC gradient is feasible and
beneficial to substitute the conventional analysis of melatonin in rice grain by
HPLC as permitted the analysis run time to be reduced by two-thirds thus
consumes significantly less eluents.
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using both methods were studied. Research into melatonin continued with many
results revealing the utility of this compound. Melatonin diminishes neuro-
degenerative diseases, such as Parkinson and Alzheimer [5]; it also acts as an
anticancer agent [6]. Recently, research articles have appeared discussing
methods of analysis of melatonin in different matrices; these methods include
HPLC-EC [7, 8], HPLC-UV [9–11], HPLC-MS [12], ELISA [13–15], and GC-MS [16].

Although melatonin determination in different matrices has been reported,
limited studies performed on separation of melatonin by UPLC, particularly in
conjunction with fluorescence detection (FD). The aim of this study was to
develop a new separation method by UPLC-FD and to compare with conventional
HPLC for analysing melatonin in rice grain extracts.

HPLC grade methanol, acetonitrile, and acetic acid were purchased from Merck..
Melatonin standard was obtained from Sigma-Aldrich. Water was purified with
a Milli-Q purification system (Millipore, USA).

Melatonin extraction was performed on a basis of microwave-assisted extraction
(MAE) technique in a Milestone Ethos 1600 (Sorisole, Italy) equipped with the
vessels which are made of tetrafluoromethoxyl and lined with Teflon liners. The
extraction of melatonin from rice grains was conducted according to the esta-
blished procedure [17].

HPLC analyses were carried out on an Alliance HPLC 2695 system with a fluores-
cence detector (Waters 474 fluorescence detector), controlled by an Empower
Pro 2002 data station (Waters, Milford, MA, USA). Separations were performed in

2. Experimental

2.1 Reagents and chemicals

2.2 Extraction of melatonin from rice grains

2.3 HPLC conditions

Fig. .1 Chemical structure of melatonin.
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a reverse phase RP 18 Lichrospher Column (LiChroCART 250×4 mm (5 m) from
Merck) at 25 °C. The mobile phase was a binary solvent system consisting of phase
A (2% acetic acid and 5% methanol in water) and phase B (2% acetic acid and 88%
methanol in water) with a flow rate of 0.5 mL min . The 25 min programmed
gradient was as follows (%B): 0−5 min, 0−35%; 5−12 min, 35−40%; 12−15 min,
40%; 20−25 min, 45−50%. After each analysis, the column was washed with
100% B for 5 min and equilibrated with 0% B for 5 min. The established con-
ditions for the fluorescence detector were as follows: excitation wavelength,
290 nm; emission wavelength, 330 nm; gain, 1000; attenuation, 16; injection
volume, 10 L.

UPLC analyses were carried out on an ACQUITY UPLC® H-Class system coupled to
an ACQUITY UPLC Fluorescence Detector (FD) and controlled by Empower™ 3
Chromatography Data Software (Waters Corporation). The excitation wavelength
was set at 290 nm and the emission wavelength was set at 330 nm for the 2D scan.
The FD sensitivity for the 2D scan was set at PMT gain 1, the data rate at 40 pts s
and the time constant at 0.1 s. Separations were performed at a temperature of
47 °C on a reverse phase RP 18 Acquity UPLC® BEH Column (Acquity UPLC® BEH
100 2.1 (1.7 m) from Waters Corporation).

The mobile phase was a binary solvent system consisting of phase A (water
with 2% acetic acid) and phase B (acetonitrile with 2% acetic acid). The flow rate
was 0.7 mL min . The 4.0 minute gradient was as follows (%B): 0−1 min, 0%;
1−1.1 min, 0−10%; 1.1−2 min, 10%; 2−3 min, 10−20%; 3−3.5 min, 20−60%;
3.5−4 min, 60−100%. The column was subsequently washed with 100% B for 3
min and equilibrated with 0% B for 3 min. The injection volume was set at 3.0 L.

The analytical procedure of the chromatographic method for melatonin deter-
mination was carried out according to the recommendations of ICH Guideline Q2
(R1) [18] and suggestions in ISO 17025 [19]. Linearity, range, precision, detection
and quantification limits of the method were established. The stability test inside
the auto-sampler up to 4h for melatonin in standard solution (750 g L ) was
investigated. The peak signal was determined every 30 minutes and compared
with those obtained from freshly prepared melatonin solution.

In this study, UPLC method was developed and compared to the established HPLC
method for the determination of melatonin in rice grain extracts. Different injec-
tion volumes, flow-rates and column temperatures were evaluated during the
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2.5 Performance of the method
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development of the UPLC method. To reach equivalent system performance
compared with conventional HPLC, UPLC instrument manufacturer recommends
using a low injection volume and 3.0 L was preferred for the analysis. The
retention time of melatonin decreased with the increase of column temperature
as well as the peak resolution. Hence, the column temperature of 47 °C was chosen
based on the maximum column temperature previously developed by the
research group. At this column temperature, a rapid separation was achieved in
less than 4 min using the flow rate of 0.7 mL min . Fig. 2 shows the identification
of melatonin in a standard solution (A) and rice grain extract (B) at the retention
time of 21.2 and 3.4 min by HPLC and UPLC respectively. Apparently, the analysis
run time reduced by two-thirds applying higher-pressure technology, which
saved the eluents consumption up to 60%.

The validation properties for both chromatographic methods are listed in
Table 1. The linearity of the calibration curves was validated by the high value of
coefficient of determination of the regression analysis ( >0.99) for both chro-
matographic methods. The standard deviation and slope obtained from the
regression analysis were used to calculate the limit of detection ( ) and limit of
quantification (LOQ). Since both limits were lower in UPLC than those in HPLC it
is considered that the UPLC method is able to perform analysis in lower
concentration of melatonin.

The precisions of the methods were evaluated by assessing repeatability (intra-
-day) and intermediate precision (extra-day). The precisions, expressed as
coefficient of variantion (CV), of retention time were prominently better for UPLC

μ

–1

R

LOD

2

Fig. 2. Chromatograms of melatonin obtained by HPLC (left) and UPLC (right) analysis in standard
solution (A) and in rice extract (B).
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analysis. Conversely, the peak-height repeatability were similar for both methods
while the intermediate precision was slightly better for UPLC method. Hence, the
analysis using UPLC is considerably more precise than using conventional HPLC
method.

The stability of melatonin in standard solution of 50% methanol/water (v/v)
was analysed by UPLC-FD during 4 h inside the auto-sampler. CVs of the peak area
were roughly 15% applying regular temperature of auto-sampler (15 °C). There
fore, further studies evaluating lower temperature (4 C), the use of antioxidants
(50 ppm SO and 5 ppm gallic acid) and direct injection of the solution from 20 C
storage location were performed. Fig. 3 shows the use of gallic acid could help to
maintain the stability of melatonin during the time in auto-sampler waiting for the
injection.

-

–
°

°2

Parameter HPLC UPLC

Linear range concentration g L 0.5–15 0.5–20
C

g L 1.15 0.73
g L 3.84 2.19

Precisions-retention time
Repeatability ( = 9), CV % 0.99 0.28
Intermediate precisions ( = 3 3), CV % 1.23 0.12

Precisions-signal of height
Repeatability ( = 9), CV % 0.93 0.97
Intermediate precisions = 3 3), CV % 2.05 1.40

[ ]

[ ]
[ ]

[ ]
× [ ]

[ ]
( × [ ]
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oefficient of determination 0.996 0.999R2
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Table 1

Method validation parameters for determination of melatonin in rice grain extracts.

Fig. . .3 Stability study of melatonin solution in auto-sampler

174 the 1Proceedings of 1th ISC Modern Analytical Chemistry Prague 2015▪



4. Conclusions

Although several methods have been developed for determination of melatonin,
both HPLC and UPLC proposed in this study can be recommended as rapid, precise
and reliable methods for the determination of melatonin in rice grain extracts.
However, UPLC can offer significant enhancements in speed and precisions
compared with conventional HPLC. This technique is also more eco-friendly due
to the lower consumption of eluent.
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1. Introduction

Peptides are one of the most important groups of compounds, which are nece-
ssary for the normal growing and functioning of every organism. The structure of
the peptide is formed by a linear sequence of amino acids linked by peptide bonds.
The number, structure and sequences of amino acids determine the biological
activity of the polypeptide molecule [1].

Specific properties of different types of peptides cause widespread interest
and applications in many fields of science, e.g. endocrinology [2], cosmetology [3],
pharmaceutical and medical industry [4, 5]. Peptides due to their unique struc-
tural and biological properties exhibit also analytical application in liquid
chromatography. The initiators of the chemical binding of the peptides on the
surface of silica gel were Grushka and Scott [6, 7]. Commonly, peptide stationary
phases are used in the analysis of both amino acids and dipeptides, as well as their
isomers and derivatives. Amphoteric structure of amino acids makes it possible to
use this type of materials as the zwitterionic stationary phases [8]. Peptide
adsorbents significantly increase the collection of materials with a high ortho-
gonality in two-dimensional mode RP/RP LC [9].

The application of peptide stationary phases currently involves a complex
procedure for the synthesis of such materials. An interesting alternative synthesis

Synthesis and characterization of peptide

stationary phases for liquid chromatography
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Abstract

Bonded stationary phases are the predominant group of adsorbents
commonly used in liquid chromatography. The diversity of naturally occurring
compounds enforces to do research to find new generation of stationary
phases. One of the interesting materials characterized by specific properties
and the multiplicity of combinations of the structures are peptide stationary
phases. The aim of the research was to develop methodology of peptide
stationary phases synthesis, straightforward on the chemically modified silica
surface, based on the Merrifield method. Two materials were synthesized and
characterized: Amino-Gly and Amino-Ala, that contain immobilized dipeptide
of glycine and alanine, respectively. The work presents also the application of
received materials in HILIC mode for analysis of biologically active compounds
of differently physicochemical properties.
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of peptide stationary phases is to use fundamental principles of Merrifield’s
method [10]. Ordered bonding of corresponding amino acids to chemically
modified silica with aminopropyl groups can design a sequence of amino acids,
and consequently the structure and properties of synthesized stationary phases.
The diversity of amino acids which are forming a chemically bonded peptide
chain, offers the possibility of obtaining adsorbents useful in any liquid
chromatographic system.

The solid support of laboratory-prepared stationary phases was Kromasil 100,
with .9 ml/g, surface area 310 m /g (Kromasil,
Eka Chemicals, Sweden). Silica gel was chemically modified with aminopropyl
groups with a coverage density 3 μmol/m . The following reagents were used for
chemical modification of the silica support: Fmoc-Gly-OH, Fmoc-Ala-OH, `-di-
cyclohexylcarbodiimide (DCCI), piperidine, dichloromethane (DCM), dimethyl-
formamide (DMF) (Sigma-Aldrich), methanol, and toluene (J.T. Baker, Nether-
lands). Binary mobile phase consisting of acetonitrile, and water were applied in
chromatographic analysis. Organic solvent were high purity for HPLC (Sigma-
-Aldrich). Water was purified using a Milli-Q system (Millipore, USA).

The phases under study were packed into 125×4.6 mm stainless steel columns
(Sigma Aldrich). Both columns were packed using Haskel INC (type DSF-122, USA)
packing pump, under a pressure of 40 MPa. A liquid chromatograph was a Shi-
madzu Prominence (Japan) equipped with an autosampler (SIL-20A), column
thermostat (CTO-10AS), a diode-array UV detector (SPD-M20A). Instrument
control, data acquisition and processing were performed with LabSolution
software for HPLC.

The first step of synthesis was to remove the physically adsorbed water by
12-hour drying the silica gel modified with

Next, prepared support was
bonded with the first C-terminal amino acid. For this purpose, 5.6 g of derivatized
silica gel and 40 ml of the suspension of 6 g of Fmoc-Ala-OH and 3g of DCCI
(activator of carboxyl group) in DMF and DCM were placed in a glass flask heated
to a temperature of 40 °C using an oil bath. The reaction was carried out during
24 h. The intermediate product of synthesis was rinsing with toluene and
methanol on a Schott funnel, in order to eliminate the excess of reactants.

2. Experimental

2.1 Reagents and chemicals

N,N

2.2 Instrumentation

2.2 Synthesis of peptide stationary phases

®

2

2

pore diameter 100 Å, pore volume 0

γ-aminopropyltrimethoxysilane at
a temperature of 80±5 °C under reduced pressure.
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The next stage of synthesis was the deprotection of the amino groups of the
bonded amino acids. The removal of the Fmoc groups was carried out using 10 ml
of 20% solution of piperidine and 40 ml of DMF. The resulting suspension was
stirred for 15 min, and then the support was rinsing with toluene and methanol.
The prepared adsorbent ° The stationary phase
comprising a first layer of alanine was subjected to further derivatization in the
same manner analogous to that described above. Applied methods allowed to
receive two stationary phases containing on their surface chemically bonded
dipeptide of alanine (Amino-Ala) and glycine (Amino-Gly). The theoretical stru-
ctures of the received stationary phases are shown in Fig. 1.

Hydrophilic interaction liquid chromatography (HILIC) is a method designed
strictly for the analysis of highly polar compounds. Hence, it is necessary to use
stationary phases distinguished by hydrophilic properties. Peptide stationary
phases significantly extend the group of materials which may be use in the HILIC
mode. Confirmation of the suitability of the tested materials in a HILIC was done
by the separation of the mixture of nucleosides, containing eight purine com-
pounds and four pyrimidine analogs (Fig. 2).

The results obtained for each of the tested columns are diverse in terms of
selectivity and efficiency. In the case of Amino-Gly, the separation was almost
complete, in contrast to the Amino-Ala, for which chromatogram shows a partial

was dried in vacuum at 60 C.

3. Results and discussion

Fig. .1 Theoretical structures of the synthesized stationary phases: (A) Amino-Gly, (B) Amino-Ala.
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separation. As expected, the reason of the observed results is an additional methyl
group in the alanine molecule, which gives a slight hydrophobic property of
surface of the stationary phase. Therefore, hydrophilic analytes are less retained
on the stationary phase with chemically bonded dipeptide of alanine, which is
reflected in reduced retention times of the individual compounds. The retention
mechanism based on the electrostatic interactions, hydrogen bonding, dipol-dipol
and weak hydrophobic interactions. The efficiency of the tested columns reaches
6012 and 8530 theoretical plates, for Amino-Gly, and Amino-Ala, respectively, at
the column length of 125 mm.

The application of the basic principles of the Merrifield method enabled to
elaborate peptide synthesis methodology directly onto the modified silica gel
surface. Two synthesized stationary phases contain dipeptide of glycine and
alanine. Peptide stationary phases were successfully applied in HILIC system for
the analysis of polar compounds. The nucleosides characterized by respective
retention times and almost complete separation. Despite the slight difference in

4. Conclusions
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the structure (methyl group) of the two stationary phases differences were
observed in the retention of the individual compounds. In conclusion, the
designing structures of the peptide adsorbents on selected chemical properties,
depending on the application needs, allow to obtain highly selective stationary
phase for liquid chromatography
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1. Introduction

Nalewka is a traditional Polish homemade spirit beverage. Their production is
Polish centuries-long tradition. For the preparation of nalewka three main ingre
dients are used: fruits (sometimes herbs or roots), sugar and spirit. There are
many different recepies for the production of nalewkas. However the most
common manufacturing process consist three steps. Maceration is
a process in which ingredients are covered with alcohol xude their flavor,
aroma, and color [1]. In the first stage fruits are covered with sugar in the jars.
After few days the contents of the jar is flooded with pure spirit. This maceration
process most often takes 3 8 weeks. The last step is filtered contents of jar and
the remaining liquids poured into the bottles. The alcoholic strength of the final
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Abstract

“ ”Nalewka is a traditional Polish homemade spirit beverage and there are
many different recepies for the production of nalewkas. However, it is not
known what amount of sugar can have influence of their aroma profiles. There
is information on the comparison of aroma profiles of Polish cherry
nalewkas made with addition of different amount of sugar. For this purpose
electronic nose based on fast GC has been used. Electronic nose was equipped
with two parallel connected columns with different stationary phases (non
polar and medium polar) coupled two ultrasensitive flame ionization
detectors (μFID). Three data analysis were used, namely Principal Component
Analysis (PCA), Discriminant Function Analysis (DFA) and Soft Independent
Modeling of Class Analogies (SIMCA). Application of electronic nose based on
fast GC allows compare aroma profiles of all cherry nalewkas made with
addition of different amount of sugar (10 g, 25 g and 50 g). The results obtained
by the use of PCA analysis and SIMCA classification are consistent with all the
data obtained by means of interpretation of the chromatograms.
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product is usually 40% alcohol by volume [2, 3]. Traditional homemade nalewkas
do not contain artificial flavors or artificial colors.

So far, nalewkas have been mainly studied by the use of EPR, NMR, and UV-VIS
spectroscopy [1]. In the literature there is no information concerning the exami
nation of these drink and similar beverages (liqueurs) using electronic nose
device [4].

Electronic nose technology is used for many years in alcohol investigations. So
far, electronic noses based on different sensors: conductometric, amperometric,
colorimetric and piezoelectric have been commonly used [5 9]. Electronic nose is
mainly applied in the spirits industry o the quality control, authenticity assess
ment and process monitoring [9 11]. Recently some information appears about
the utilization of electronic nose based on fast GC. In this specific type of equip
ment the data obtained from the selection of chromatographic peak areas with the
highest discriminate power used as an input data for further chemometric
analysis. The chromatograms consist characteristic aroma profiles called
fingerprints. They can be treated as a responses of the device for an interaction
with a gaseous mixture introduced into the chromatographic system [5, 12]. So
far there are few information about utilization of this device in studies of alcoholic
beverages. In literature can be found about application of this type of
electronic nose in comparison of aroma profiles of whiskey originating from
different distilleries [13] and grape wine age and brand [14].

Regarding the fact there no scientific reports about the comparison of
aroma profiles of Polish cherry nalewkas in terms of different amount of sugar it is
highly important to enrich the status of the knowledge in this scientific discipline.
The main aim of this paper was to conduct the studies related to the application of
electronic nose based on fast GC for comparison of aroma profiles of homemade
cherry nalewkas made with addition of different amount of sugar. For this purpose
three statistical methods of data analysis, i.e. PCA, DFA, and SIMCA and compa
rison of all the data obtained by means of interpretation of the chromatograms
were used.

Homemade nalewkas have been prepared according to the following scheme
(Fig. 1). Fruits (50 g) was placed in three jars . Then the fruits in jars were covered
with sugar (50 g / 25 g / 10 g). Subsequently the jars sealed tightly for 3 days.
The next step was the addition of 25 ml of spirit and 25 ml of deionized water to
each jar. Again, jars were sealed and left in a dark place for a period of four weeks.
After this time, fruits were filtered through gauzes, then the remaining liquids
poured into the bottles. Cherries ( ) used for the production of
nalewkas were harvested in August 2014 in Pomeranian Voivodeship, Poland.
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2. Experimental

2.1 Samples

Prunus cerasus

and sample preparation
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Fruits have been thoroughly washed and were used to produce nalewkas after
harvest. For the production of nalewkas spirit (Spirytus Gdański, Destylarnia
Sobieski, Starogard Gdański, Poland) and sugar (Cukier Biały, Diamant, Poznan,
Poland) have been also used.

Deionized water of high purity from MilliQ A10 Gradient/Elix System (Millipore,
USA) was used throughout the research.

The electronic nose based on fast GC (Heracles II, Alpha M.O.S., France) equipped
with two parallel connected columns with different stationary phases coupled to

Samples were prepared in the proportion of 1 ml of nalewkas and 4 ml of
deionized water and transferred into 20 ml vials. All samples were sealed with
caps closing with 20 mm thick PTFE/silicone membrane.

2.2 Chemicals

2.3 Instrumentation
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I step

II step

III step

Fig. .1 Scheme of the procedure of nalewka preparation.



two ultra sensitive flame ionization detectors (μ-FIDs) was used for the analysis.
The first nonpolar column was MTX-5 (10 m × 0 18 mm × 0 4 μm film thickness)
and the second column with medium polar stationary phase MXT 1701
(10 m × 0 18 mm × 0 4 μm film thickness) was applied. The vial with the liquid
sample was introduced into the autosampler (Odour Scanner HS 100; Gerstel,
Germany). Gas gained from the headspace of sample was used for the analysis. The
incubation was conducted during the time 20 min and in temperature of 40°C.
Agitation speed was maintained on the level of 500 rpm. After incubation process
the gas sample was taken from headspace of sample and transferred from vial to
the GC injector port kept at 200 °C. The separation of analytes was performed
using the following chromatographic temperature program: initial temperature
70 °C (kept for 18 s) then ramped at 2 °C/s to 270°C (kept for 30 s). The hydrogen
N5.0 (Linde Gaz, Poland) class was used as a carrier gas. Detector temperature
was 270 °C in. During the research for each sample 3 repetitions w performed.

Three chemometric methods, rincipal omponent nalysis (PCA), iscriminant
unction nalysis (DFA) and oft ndependent odeling of lass nalogies

(SIMCA) have been used for data analysis. All these methods w performed
using Alpha Soft (V12.4, Alpha M.O.S, France).

Principal omponent is a chemometric linear unsupervised and pattern
recognition technique used for analyzing and reducing the dimensionality of
numerical datasets in a multivariate problem [15, 16]. The PCA method was per
formed to identify patterns of correlation with individual composition variables
involved in the discrimination among three groups of cherry nalewkas made with
addition of different amount of sugar (10 g, 25 g or 50 g). In Fig. 2 the PCA score
plot of comparison aroma profiles of different cherry nalewkas made with
different sugar concentration is represented. The PCA result shows the first two
principal components accounted for 99 91% of total variance. A clear discri
mination of nalewkas made with the addition of 10 g of sugar and other nalewkas
based on their volatile composition can also indicated. The points on PCA plane
which are the representation of alewkas samples appears in two group classes:
these which are representing nalewka made with 10 g of sugar are situated on the
left side of the diagram whereas the points connected with samples of nalewkas
made with the addition of 25 g and 50 g of sugar are located on the right part of the
graph.

The DFA (Discriminant Function Analysis) s another method for grouping data
and differentiating between groups. The DFA method s used when the assum
ptions of a linear regression are met. The cases are classified into groups using
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3. Results and iscussiond
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a discriminant prediction equation to examine differences between or among
groups. This statistic method determines whether groups differ from each other
and identifies the possible subgroups [9]. Using DFA method it s possible to
identify DF1 and DF2 which explain respectively 99 787% and 0 123% of the
variability of the initial data set. In contrast to PCA result, DFA data is divided into
three parts. Points belonging to nalewka made with the addition of 10 g of sugar
are situated on the left side of the graph, on the middle are points belonging to
nalewka made with the addition of 25 g sugar and on the right side of graph are
points belonging to group of nalewka made with the amount of sugar.
Application of DFA analysis allows for discrimination between all three groups of
nalewkas (Fig. 3) Due to the both PCA and DFA results it was necessary to check
other available chemometric methods.

The SIMCA (Soft Independent Modeling of Class Analogy) classification and the
PCA analysis can be used to visualize the distance between the classes [17, 18].
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The SIMCA method is used to compare unknown samples with the reference
group. In SIMCA model such comparisons are made with one specific group form
database. The SIMCA classification plot corresponding to the same input data
applied to the PCA and DFA methods is shown in Fig. 4. The area corresponding to
the given class is shown on each plot as gray rectangle in the left corner. As shown
on the plot, all points belonging to nalewka made with the addition of 10 g of sugar
were assigned correctly to the corresponding class. In Fig. 4 validation score is 90
and it was possible to obtain a significant distinction between three groups of
nalewkas. Very small distance between the two groups of nalewkas samples made
with the addition of more amount (25 g and 50 g) sugar can also observed. The
result of SIMCA classification is similar to the results obtained using PCA method.

be
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The result of comparison pattern discrimination index each of three groups to cherry
nalewkas
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The verification on chemometric methods regarding suitability were perfor
m by the use of comparison of aroma profiles of all the data obtained
chromatograms interpretation ( . ). Pattern discrimination index is only
47 78% in comparison between nalewkas samples made with the addition of 25 g
and 50 g of sugar. The highest values of pattern discrimination were achieved
between comparison of nalewka samples made with the addition 10 g to 50 g and
10 g to 25 g of sugar. For this reason, it can be concluded that a large amount of
added sugar does not affect the differences in the aroma profiles of nalewkas. The
results obtained using PCA analysis and SIMCA classification are consistent with
all the data obtained by means of interpretation of the chromatograms
(comparison aroma profiles of nalewkas).

Application of the electronic nose allows for the comparison of
aroma profiles of homemade cherry nalewkas made with different sugar content.
Using three different chemometric methods and the comparison of chromato
graphic results it w possible to verify these methods which w consistent
the chromatographic results. The PCA and SIMCA analysis demonstrated that the
profile of aroma profile of cherry nalewkas made with the least amount of sugar
w significantly different from the others nalewkas made with addition of 25 g
and 50 g of sugar. The DFA analysis showed that it is possible to distinguish the
aromatic profiles of all examined nalewkas. However is not possible to find the
similarities in the aroma profiles in nalewkas made with addition of 25 g and 50 g
of sugar. In addition, it can be concluded that a large amount of added sugar does
not affect the differences in the aroma profiles of nalewkas. The use of electronic
nose based on fast GC can be useful in the production of nalewkas, liqueurs and
other spirits beverages in terms of the quality analysis and authenticity
assessment.

4. Conclusion
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1. Introduction

Biosensors are widely used in clinical, environmental and food analysis. The
detection of damage to the DNA belongs to one of the specific fields of analysis
with utilization of DNA-based biosensors [1]. DNA damage is always caused by
many factors, either endogenous or exogenous origin, such as physical and
chemical agents, drugs, radiation [2]. Investigation of interactions between drugs
and DNA needs to devise a proper construction of biosensor, which will be able to
serve as a reliable indicator of damage. This work focuses on the development and
application of a novel and simple electrochemical DNA biosensor for rapid assess-
ment of reactivity of surface-bound DNA. Boron-doped diamond (BDD) is
a modern electrode material which opens new possibilities of electrochemical
investigations due to its excellent features, such as the wide potential window in
aqueous solutions, low background current, long-term stability of response, low

Non- raditional material for the

development of electrochemical DNA

biosensor in pharmaceutical analysis
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Abstract

The active substances are subjected to numerous tests for detecting the levels
of toxicity and the therapeutic levels. Another important aspect of the bio
logical studies of pharmaceuticals as well as pharmaceutical development
processes consists in the interaction of the drugs with DNA. For the
investigation of interaction with DNA four different drugs (amlodipine,
epinephrine, penicillin V and paracetamol) and caffeine as representative
alkaloids with the encouraging effect of the central nervous system were
chosen. The aim of work was study and ptimization of the experimental
conditions for preparing a biosensor using the boron-doped diamond (BDD)
electrode as a non-traditional electrochemical transducer. The effect of immo
bilization of DNA at the electrode surface was explored. Two ways of
immobilization of DNA were compared (spontaneous adsorption and/or
accumulation at the BDD electrode surface). On the basis of electrochemical
measurements performed after incubation of the modified electrode in a drug
solution, the mutual interaction can be observed. It probably leads to breaking
of the DNA double helix, which is then washed away from the electrode.
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sensitivity to dissolved oxygen and a good resistance to surface fouling due to
weak adsorption, mechanical robustness and compatibility with biological
materials. BDD electrode is usually used as an electrochemical sensor with
excellent sensitivity and selectivity [3].

As far as we know, there are not many works concerning the use of BDD
electrochemical transducer for immobilization of DNA and subsequent exami-
nation of interactions with drugs.

Various drug standards (purity from 98% to 99.5%) and dsDNA (fish sperm) were
obtained from Sigma-Aldrich. The stock solution of DNA (1 mg/mL) was prepared
by dissolving suitable amount of solid standard in 2 mL of sodium hydroxide
(0.2 mol/L) followed by dilution with deionized water to the desired volume. The
stock solutions of drugs (1×10 mol/L) were prepared by dissolution of respec-
tive amount of standard using deionized water and stored at 4 °C. Working
solutions of lower concentrations were freshly made on the day of experiment by
diluting the stock solution with supporting electrolyte. The supporting electrolyte
was 0.1 mol/L phosphate buffer solution (PBS, pH = 6.9) which was made by usual
way by dissolution of Na HPO .12H O, NaH PO .10H O and KCl in deionized
water. The stock mixture solution of 1×10 mol/L K [Fe(CN) ] and K [Fe(CN) ]
(Lachema, CZ) was prepared by dissolution in deionized water and added to the
required volume with PBS. Other chemicals were used of analytical reagent grade
purity.

All electrochemical experiments were conducted in a three electrode system. The
cell consisted of Ag/AgCl (3 mol/L KCl) as the reference electrode, a platinum wire
as the counter electrode and BDD electrode was prepared at the Institute of
Electronics and Photonics, FEI STU (Bratislava) (parameters: CH /H ratio = 1%
and the B/C ratio = 10 000 ppm, deposition time = 2 h) served as the working
electrode. Electrochemical measurements were carried out using an Autolab
PGSTAT 302N (Metrohm Autolab) potentiostat/galvanostat controlled with the
NOVA software of 1.10 version. The electrochemical properties of the unmodified
and the modified BDD electrode were studied by CV and EIS in 1×10 mol/L
[Fe(CN) ] in 0.1 mol/L PBS (pH = 6.9). All pH values were measured with pH
meter Model 215 (Denver Instrument, USA), which was weekly calibrated with
standard buffer solutions.

2. Experimental

2.1 Reagents and chemicals

2.2 Instrumentation
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3. Results and discussion

BDD electrode was applied as non-traditional electrochemical transducer for the
construction of DNA biosensor. The biosensor was used for investigation of the
interaction of immobilized DNA at the BDD electrode surface with selected drugs
at various incubation times ( – min). Based on the results of cyclic voltammetry
at the DNA/BDD biosensor after incubation in particular drug the relative value of
the current peak Δ [%] was calculated. The higher the Δ , the lower damage to
the DNA, and thus less DNA was “taken down” from the electrode surface owing
to the particular drug. The remaining portion of DNA (surv DNA) after the incu-
bation of the biosensor in the drug was expressed as the normalized biosensor
responses, which were calculated according to the equation:

Δ = [( – )/( )] × 100 (1)

the CV of anodic current observed at the electrode modified layer of DNA (before
incubation , and after incubation ) for the potential, which is
corresponding to the maximum peak current of 1×10 mol/L [Fe (CN) ] at the
bare BDD electrode ( ).

Table 1 shows the percentage of damage to DNA at the BDD electrode surface
with normalized values accomplished before and after incubation in the drug.
With increasing incubation time, Δ values decrease and exhibit more damage
to DNA.

EIS technique provided information about the resistance of the BDD electrode
surface/biosensor, on the basis of which it was possible to characterize the
changes in the DNA structure. To confirm damage to DNA with the drugs differen-
tial pulse voltammetry was chosen. After incubation the biosensor in a drug
solution, with increasing incubation time the signal change of current response of
guanine ( = 0.90 V) and adenine ( = 1.15 V) was evidenced. From these
results we can conclude that the intercalation of a drug in DNA strands. The
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Incubation time

Amlodipine Epinephrine Caffeine Paracetamol Penicillin V

5 44.4 35.1 41.2 40.7 42.9
10 31.6 22.4 34.8 19.4 35.0
15 24.4 25.4 28.0 13.4 32.3
20 14.4 5.4 10.6 9.9 21.7

ΔIrel

[min]

Table 1

The Δ data obtained at unmodified and DNA modified BDD electrode after incubation in solu
tions of drugs ( = 1×10 mol/L) at different times (5 20 min).

I

c
rel

4
– -
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intercalation can also be considered by a change in oxidation current response of
guanine and decrease of charge transfer resistance .

All controlled substances showed certainly interaction with DNA. Development
of the DNA biosensor represents a new approach for monitoring DNA damage due
to effect of drug using BDD electrode. This study may serve as a useful tool for
further experiments concerning the binding of biomolecules at the BDD electrode
surface and the study of the interactions with the substances naturally present in
the environment, which may demonstrate the negative effects on living organisms
and for clinical and pharmaceutical analysis.

Rct

4. Conclusions
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1. Introduction

In the scientific literature, containing the latest research findings related to the
monitoring of xenobiotics, as well as the one which addresses different toxico-
logical aspects, one can find increasingly more information on the sources and the
volume of emissions released by everyday objects. One of the priority issues in this
area of research is, without a doubt, the one of migration of low molecular weight
compounds from the packaging to the food stored inside. The multiannual
research carried out in numerous research centres enabled, first and foremost,
the identification of main groups of compounds leaching from the inner layer of
the package as well as the conditions affecting the intensification of this process.
Among the most common analytes, both in simulants and in food samples stored
in cans or in the polymeric materials, the following types can be distinguished:
Bisphenol A, Bisphenol A diglycidyl ether, its derivatives and the compounds
of phthalates [1]. The main source of contamination is the special coatings used to
protect the inner layer of the packaging from corroding and also to protect food
from direct contact with the material used in producing the container. Nowadays,
it is known that as a result of technological processes and its interaction with food
ingredients, migrating compounds may be subject to a transformation into

Toxicological assessment of food packages
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Abstract

In the scientific literature related to the widely understood issue of packaging
materials designed to have contact with food (Food Contact Materials) there is
much information on raw materials used for their production, their physio-
chemical properties, types and parameters. There is also a great number of
publications on the management and disposal of used packaging. Unfortu-
nately, not much attention is given to the matters concerning migration of toxic
substance from packaging and its actual influence on the body of the final
consumer of the food packed, even though health protection and food safety
are the priority tasks. The goal of tests was to estimate the impact of foodstuff
packaging type, production and storage conditions on the degree of leaching of
potentially toxic compounds to foodstuffs with the use of the acute toxicity test
Microtox .®
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various types of derivatives of physicochemical and toxicological properties
different then the initial [2].

The main criterion for approving packaging materials for contact with food are
the toxic properties of the substances used to produce a given material and the
degree of migration and specific migration determined on the basis of normative
values of tolerable daily intake. Unfortunately, however, the standard guidelines
for assessing the impact of packaging on food quality only take into account the
numerical values of the parameter “global migration” and “specific migration
limits” fixed for a small group of compounds. In the Table 1 results on normative
limits for specific migration established by experts of the Scientific Committee for
Food are presented [3].

Such approach raises many objections, given that the results of a recent study
showed that apart from the monitored compounds leaching from the surface of
the package, there are also other contaminants and their derivatives formed by
interaction with food components and as a result of technological procedures
applied. All unidentified contamination is described in the literature as NIAS
(Non-Intentionally Addend Substances) [1]. The inability to accurately identify
and quantify all the substances released into the food which then enter the body
orally and the lack of adequate toxicological knowledge make it impossible to
assess the real danger faced by consumers and predict the possible consequences
associated with a long-term exposure. What makes the situation even worse is
that among a large group of synthetic compounds used during the production
of protective layers that can potentially enter the food, the vast majority exhibits
properties similar to contaminants from the endocrine disrupting compounds
group [2]. The presence of compounds affecting the proper functioning of the
endocrine system in the environment poses many problems for researchers. For
many years, many research centres have been conducting research to explain the
processes and mechanisms by which these compounds modify the functioning of
the living organism. Unfortunately, the knowledge about the complex
mechanisms of toxic activity of these compounds is still very limited. What makes
the situation even more serious is the fact that, according to numerous experi-
mental data carried out both and , the dose-response for thesein vitro in vivo
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Compound SML [μg/kg foodstuffs or food simulants]

Bisphenol A 600
Sum of Bisphenol A diglycidyl ether

and their hydrolysed derivatives 9000
Sum of Bisphenol A diglycidyl ether

and their hydrochloric derivatives 1000

Table 1

Normative figures for the “specific migration” (SML) parameter established for chosen chemical
compounds.



compounds is not monotonic and hence the usage of data obtained by exposing
animal organisms to high doses of xenoestrogens in order to assess the risk of
toxic effects in humans exposed to low doses over a longer period of time can be
seriously flawed. Hence, the application of traditional principles and assumptions
on which the assessment of the health risks for other contaminants is based
cannot be used to evaluate the hormonally active compounds [4]. Moreover,
during the toxicological assessment of hormone derivative compounds it is also
necessary to take into account the interaction that can occur between these
contaminants. According to numerous studies, the presence of several
xenoestrogens of low or even very low concentration levels may result in a toxic
effect. The combined action of biologically active compounds may reduce
(antagonism) or reinforce (synergism) the observed toxic effect [5]. In view of
such knowledge it is obvious that based on the composition of the sample alone it
is not possible to estimate the risk posed by the presence of a mixture of xeno-
biotics occurring at different levels of content. Determining the total pollution
level of the sample is only possible when one applies methods that utilize living
organisms as active elements during the test. The goal of tests was to estimate the
impact of foodstuff packaging type, production and storage conditions on the
degree of leaching of potentially toxic compounds to foodstuffs with the use of the
acute toxicity test Microtox .

A review of the data from the literature indicates to the fact that factors which have
the biggest influence on the intensity of the process of migration of contamination
from the packaging material is the temperature, the contact time and physio-
chemical properties of the medium prepared [2, 6]. Three stimulants of specific
kinds of food have been chosen in relation to the methodologies used in order to
assess global migration, as described in the EU Directives 82/711/EEC and
85/572 EEC: distilled water for aqueous foods with a pH above 4.5; acetic acid at
3% in distilled water for acidic aqueous food with pH below 4.5; ethanol at 5% for
alcoholic food. Xenobiotics migration from epoxy resins was studies at 3 different
temperatures: room temperature (RT) ( = 25 °C, 65 C, and 121 C) and specified
food cans were doubly heated at 65 C and 121 C after 5 and 10 days prior to start
of the extraction process. The cans were filled with 130 ml of stimulant solvent
and the heating process of 30 minutes was applied. 30 ml samples was taken after
12 h, 24 h, 48 h and 2 weeks, in order to assess the impact of time of contact
between the simulation medium and the polymer layer on the degree of leaching
the toxic compounds. pH was set to fall within the 6.5–7.5 range.In order to define
the toxicity the acute Microtox assay was used.

Acute toxicity was assessed by determining the luminescence inhibition of the
marine Gram-(–)-bacterium , after a 30-min exposure to different
samples. The bacteria were purchased in freeze-dried form and activated by

®

®

2. Experimental

t

Vibrio fischeri

° °
° °
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rehydratation with a reconstitution solution (specially prepared nontoxic Ultra
Pure Water) to provide a ready to-use suspension of organisms. The osmolarity of

all standard and samples was adjusted to 2% NaCl for the optimal performance.
A dilution series of the samples to be analysed was prepared in 2% NaCl. A fixed
amount of bacteria was added to the dilution vials. The light emission of this
bacterium in contact with different samples and exposure times was measured
using the Microtox 500 analyser. The data were processed using the Microtox
Omni Software, according to the Basic Test Protocol (81.9%).

Results of studies conducted are presented in Fig. 1. In most cases it can be
concluded that the effectiveness of extractant increases with time leading to the
reduction of bioluminescence. The water and ethanol extract samples taken after
short extraction time (12, 24 h) are an exception. The increase of bioluminescence
was noted for these samples proving the hormesis being observed. This resulted
from the fact that compounds which penetrated the solutions during the short
extraction time were at the concentration levels which favourably influenced the
metabolic processes of the test organism. However after 48 h of incubation for
both extraction media a significant increase of the toxic effect was observed. This
may indicate that in consequence of a longer contact the concentration of xeno-
biotics in the solution increased or that in consequence of interaction with the
simulation medium the initial compounds were transformed (oxidised) into
derivative compounds with toxic potential. The highest toxic effect among all
extraction media used was noted for 3% acetic acid. Already after 12 h of
extraction over 40% increase of the toxic effect was observed as compared to the
reference sample, i.e. 3% acetic acid. In other samples a significant (more than
70%) toxic effect occurred. Such an elevated inhibition of bacterial biolumines-
cence proves that the acetic acid causes the release of a significant amount of
small-particle packaging ingredients directly proving the high effectiveness of this
medium as a simulation liquid but also showing that consumption of foodstuffs
with the pH value lower than 4.5 stored in metal packaging (with polymer layers)
may lead to a significant exposure to contact with toxic substances and thus high
risk of health consequences.

Based on the test results it can be unambiguously concluded that as a result of
contact between the inner layer of the packaging and model liquids the lossly
bound toxic ingredients of packaging used in the production of protective layers
were washed out. In most cases dependless on the extraction time or temperature
to which the samples were exposed the reduction of bioluminescence was noted.
Based on the data presented in Fig. 1. concluded that the main parameter

-

-

3. Results and discussion

4. Conclusions
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Fig. .1 Graphic representation of the results on toxicity determination of food packages extracts.



responsible for the intensification of the toxic compound migration process is
temperature. The time of contact between the extraction medium and the
packaging internal layer influences the volume of xenobiotics migration streams.
The analysis of results obtained in case of samples exposed to fortnight extraction
with double heating process shows that exposing the samples to additional
heating does not influence significantly the increase of toxic effect caused by the
compounds present in the samples. Based on the tests we may also conclude that
consuming foodstuffs with pH lower than 4.5 (in metal packaging with polymer
layers) leads to a significant exposure to contact with toxic substances and thus
high risk of health consequences in result of migration of toxic products of
polymer degradation to foodstuffs.
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1. Introduction

Regulation EC No 110/2008) [1] lays down rules on the definition and description
of spirit drinks as well as on the protection of geographical indications. A geo-
graphical indication identifies a spirit drink as originating in the territory of
a country, where a given quality or other characteristic of that spirit drink is
essentially attributable to its geographical origin. According to this Regulation,
juniper-flavoured spirit drinks are produced by flavouring ethyl alcohol of
agricultural origin and/or grain spirit and/or grain distillate with juniper
( L. and/or L.) berries. Some geographical
indications include Spišská borovička, Slovenská borovička Juniperus, Slovenská
borovička, Inovecká borovička and Liptovská borovička (Slovak Republic).

The identification of the geographical origin of beverages is one of the most
important issues in food chemistry. A powerful method for determining the
geographical origin is multivariate analysis of the data provided by analytical
instruments [2–5].

Juniperus communis Juniperus oxicedrus

Classification of juniper-flavoured spirit

drinks according to producers by

fluorescence spectroscopy
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Abstract

Synchronous fluorescence spectra measured at constant wavelength differen-
ces from 10 to 100 nm in the excitation wavelength range 250–350 nm were
used for searching the natural grouping among Slovak juniper-flavoured spirit
drinks. The best result was achieved using fluorescence spectra recorded at
constant wavelength difference 10 nm. Discriminant analysis was used to
classify samples considering two types of classification criteria: distinguishing
between drinks from different producers or distillates of different geo-
graphical indications and others. Discriminant analysis was based on two
different data sets: (i) the first five principal components of the principal
component analysis performed on the synchronous fluorescence spectra;
(ii) the synchronous fluorescence spectra. Regarding different producers,
Discriminant analysis based on the principal components and synchronous
fluorescence spectra resulted in total 87.5 and 100% correct classification,
respectively. Regarding geographical indications, correct classification was
87.5% (principal components) and 100% (synchronous fluorescence
spectra).

Keywords
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2. Experimental

3. Results and discussion

2.1 Reagents and chemicals

2.2 Instrumentation

Commercially available samples from five Slovak producers (code S1–S3) were
collected. Different products from the same producer and four (or five) bottles of
the same product were sampled. Thus, sample coding was producer, product
name, bottle (e.g., S1Z1 means producer S1, product Z, bottle 1). All the samples
belonged to the “juniper-flavoured spirit drinks” category, according to EEC Regu-
lations. The alcoholic degree ranged within 35–42% ethanol. The samples were
stored at room temperature and analyzed without any prior treatment.

Fluorescence spectra were recorded using a Perkin-Elmer LS 50 Luminescence
spectrometer equipped with a Xenon lamp. Samples were placed in
10 mm×10 mm×45 mm quartz cell. Excitation and emission slits were both set at
5 nm. Synchronous fluorescence spectra were collected by simultaneou

–
Synchronous fluorescence

nm. Hierarchical
cluster analysis, principal component analysisand discriminant analysis were
applied to investigate differences between the samples.

The contour plots of total synchronous fluorescence spectra were obtained by
plotting the fluorescence intensity as a function of excitation wavelength ( ) and
wavelength interval . Hierarchical cluster analysis performed separately on
synchronous fluorescence spectra measured at 10 100 nm in the excitation
wavelength range 250 350 nm was used for searching the natural grouping
among drinks S1, S2 and S3. The best result was achieved using fluorescence
spectra recorded at 10 nm. Principal component analysis was used to
examine the similarity among the S1, S2 and S3 samples. Applying principal
component analysis to synchronous fluorescence spectra recorded at = 10 nm
in the excitation wavelength range 250 350 nm, the first five principal compo
nents explained 99.0% of the total variance, where PC1, PC2, PC3, PC4 and PC5
accounted for 56.8, 28.4, 12.8, 0.8 and 0.2% of the total variance, respectively.
Eigen values accounted for by each principal component (PC1 PC5) were 18.2,
9.1, 4.1, 0.2 and 0.1, respectively. The ability of synchronous fluorescence spectra
to differentiate between the drinks from three producers was investigated by
applying the discriminant analysis to the first five principal components of the

sly
scanning the excitation and emission monochromator in the excitation
wavelength range 200 700 nm (with an interval of 1 nm), with constant
wavelength differences Δλ between them. spectra
were recorded for Δλ interval from 10 to 100 nm, in steps of 5

λex

Δλ
Δλ =

Δλ

Δλ

–
–

=

– -

–
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principal component analysis performed on the synchronous fluorescence
spectra ( = 10 nm, 250 350 nm). In both the calibration set and the prediction
set, 100% correct classification was observed for S1 and S3 samples, while only
67% of S2 samples were properly classified. S2J samples were classified as
belonging to S3 group. As this classification was unsatisfactory, we chose to discri
minate the samples with discriminant analysis based on the synchronous
fluorescence spectra ( = 10 nm) in the range of 250 350 nm with an interval of
5 nm. In this case 100% correct classification was observed for S1, S2 and S3
samples.

Discriminant models based on synchronous fluorescence spectra were good for
classification of Slovak juniper-flavoured spirit drinks. The synchronous fluores-
cence spectra recorded at constant wavelength difference 10 nm in the excitation
wavelength range 250–350 nm were found to provide the best results, with 100%
classification of juniper-flavoured spirit drinks of the three producers. In addition,
100% correct classification was observed between distillates of different geo-
graphical indications and other drinks. It appears that fluorescence spectroscopy
offers a promising approach for the classification of Slovak juniper drinks as
neither sample preparation nor special qualification of the personnel are
required, data acquisition and analysis are relatively simple.

Δλ

Δλ

–

-

–

4. Conclusions
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1. Introduction

2. Experimental

In the last decade, attention towards so-called “direct ion sources” in relation to

mass spectrometry has increased. This emerging new ionization technique

enables direct analysis of untreated samples without preliminary separation. One

of the best known examples of this sector is the matrix-assisted laser desor-

ption [1]. Comparable methods, which have a wider field of applications, such as

“Direct Analysis in Real Time – IonSense” ( ) [2] and “Direct Inlet Probe –SIM

GmbH” ( ) ion sources were tested for a variety of industrial samples.

The samples were introduced directly into the ion sources without any sample

preparation or preseperation. In this case the delamination of an e-coat from

a metal plate was examined. For the analysis with the DART ion source (Fig. 1) the

sample was introduced directly into the excited and heated helium stream. As

ideal working temperature for easily volatile components the gas stream of the

DART was set to 350 °C. The ionization takes place through penning ionisation [3]

DART

DIP

Comparison of two direct ion sources

coupled to a MS system

(DART-MS and DIP-MS)

S V A H F M MTEFAN IEHBECK*, NDREAS ADERSDORFER, RANK- ICHAEL ATYSIK
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Abstract

In today’s industry quick and reliable analysis methods play an important role

for quality control. On that account two direct ion sources coupled to a Q-TOF

system (Agilent quadrupole time-of-flight 6530) were tested. For one, the

“Direct Inlet Probe (DIP-APCI)” ion source was used to analyze small amounts

of solid or liquid samples. The concept of the ion source is based on an APCI

source for mass spectrometry, however, in this case the samples are

introduced directly via a pushrod. A similar system is the “Direct Analysis in

Real Time (DART)” ion source. In addition to the analysis of solid and liquid

samples without preseparation, this ion source offers the possibility to scan

the surface of a sample. A method for industrial sample analysis was developed

using DIP-APCI-/DART-Q-TOF-MS.

Keywords

atmospheric pressure ion

sources

direct analysis in real time
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Fig. 1. DART ion source – setup, the helium can be heated up to 500 °C and is exited to metastable

state through glow discharge.

Fig. 2. DIP ion source – setup, modified APCI ion source with a pushrod, the analytes are vaporized

and charged through corona discharge.
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and proton exchange [4]. On the other hand, for the analysis with the DIP ion

source, small pieces of the sample were scraped off the surface and added to the

crucible on top of the push rod from the DIP (Fig. 2) 5 . The temperature setting of

the ion source was set to a gradient to ensure an ideal evaporation of the sample.

The first temperature point was set to 300 °C and held for one minute, the second

one to 350 °C for two minutes before reaching the maximum of 400 °C for one

minute. The heating rate is variable and was set to 2 °/s. All volatile components

are ionized through corona discharge similar to the ionization process of an APCI

ion source [6].

In both mass spectra (Fig. 3) a signal appears with the ratio of 419. After

generating the molecular formula the signal was identified as protonated

didecylphthalate [C H O +H] . Contamination or migration of plasticizers to the

layer between the substrate and a varnish are often the cause for irregularities and

delamination. Thus both ion sources were able to ionize the molecules

responsible for the detachment and therefore were detected by the Q-TOF-MS.

However an advantage of the DIP ion source is the temperature gradient, which

generates a noticeable preseparation because of the different evaporation

temperatures of the molecules in the sample matrix. Regarding the DART ion

source the advantage can be seen in the flexibility of the samples, which can

be analyzed. Even the surface of larger samples from the automotive industry can

be screened with the DART ion source.

[ ]

3. Results and discussion

m/z

28 26 4
+

Fig. 3. DART-Q-TOF (left) and DIP-APCI-Q-TOF (right) mass spectra from the surface of the e-coat.

The plasticizer didecylphthalate (C H O ) was identified as cause for the detachment.28 26 4
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4. Conclusions

With both ion sources the working steps and the required time for sample analysis

were significantly reduced, due to the elimination of sample preparation or

preseparation. Consequently, laboratories can increase their capacity and reduce

the workflow by applying the developed method.
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1. Introduction

Non-steroidal anti-inflammatory drugs are widely used in equine medicine. These
drugs are the main doping agents found in horse samples [1]. Non-steroidal anti-
-inflammatory drugs are often misused in competing horses in order to mask
signs of pain or inflammation. Due to this fact non-steroidal anti-inflammatory
drugs are prohibited substances in competition by different veterinary regu-
lations [2–6].

Ibuprofen, 2-(4-isobutylphenyl)propionic acid, is a muscarinic antagonist
extensively used in the treatment of acute and chronic pain and many rheumatic
and musculoskeletal disorders and sometimes used in competing horses to hide
their illnesses [2, 7, 8]. Due to this fact, ibuprofen is listed on FEI Equine Prohibited
List as a controlled substance. Because of ibuprofen widespread use in human and
veterinary medicine, there have been reports describing the metabolism and
pharmacokinetics of ibuprofen in man. A gas GC-MS procedure for the toxico-
logical detection of ibuprofen and its two metabolites (1-hydroxyibuprofen and
carboxyibuprofen) in human urine after extraction at pH = 5 and methylation has
been already applied [9]. However, several factors may lead to differences in drug
metabolism between horses and humans [10]. Thus, attempts were also made to

Examination of excretion of ibuprofen and

its metabolites in horses
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Abstract

Analytical procedure based on application of GC-MS at the step of detection,
identification and quantitation of ibuprofen and detection of its metabolites
(1-hydroxyibuprofen and carboxyibuprofen) in horse urine by selected ion
monitoring mode after sample preparation covering extraction at pH = 3–4
and methylation has been used. The ions at 161, 220 (methylated ibu
profen), 178, 119 (methylated 1-hydroxyibuprofen) and 145, 264 (methylated
carboxyibuprofen) was monitored to indicate the presence of investigated
compounds in horse urine. The method was successfully applied to urine
samples taken from two horses that had been given a single oral dose of 0.9 and
1.1 mg/kg of ibuprofen respectively. The results of excretion of ibuprofen and
its metabolites were reported.

m/z -
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Fig. .1 Scheme of horse’s urine sample preparation for ibuprofen and its metabolites detection.

examine of elimination of ibuprofen in horses. Gas chromatography with flame
ionization detector procedure for detection of ibuprofen in horse urine after
extraction at pH = 2 and silanization has been applied [11]. However, two main
metabolites of ibuprofen were not silylated under the outlined conditions. Thus,
there is a lack of reports of excretion of ibuprofen with the use of GC-MS and
examination of horse metabolism. The aim of our study is to prove that two main
human urine metabolites of ibuprofen can be detected in horses’ urine samples
despite differences in diet and construction of digestive system in both species
which indicates that the metabolism of ibuprofen is the same in the case
of humans and horses. The second purpose is examination of excretion of
ibuprofen and its metabolites in horses with the use of GC-MS which has not been
reported yet.

The compounds were supplied by the following manufactures: ibuprofen (Sigma-
-Aldrich), methyl iodide (Sigma-Aldrich), ethyl acetate (Rathburn Chemicals,
Scotland). Anhydrous potassium carbonate, anhydrous sodium sulphate, diethyl
ether, sodium hydrogencarbonate, methanol, hydrochloric acid 37% and water
were obtained from Avantor Performance Materials (Poland). Preazone was
synthesized in Doping Control Laboratory in Köln.

The urine samples were taken from two horses (H1 and H2) before single oral
administration of 0.9 mg/kg and 1.1 mg/kg ibuprofen respectively and till five
days after the administration. Scheme of horse’s urine sample preparation for
ibuprofen and its metabolites is shown in Fig. 1.

2. Experimental

2.1 Reagents and chemicals

2.2 Sample preparation
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2.3 Instrumentation

m/z

The analyses were performed on a 6890 GC gas chromatograph coupled to a
5975B MS mass spectrometer (both Agilent Technologies) applying the following
parameters: column Agilent 19091Z-002 HP-1MS (25 m × 200

°C (1 min) and 6 °C/min ramp to 310 °C (1 min); splitless module
injection at 280 C. Selected ion monitoring (SIM) was used.

μm i.d., 0.11 film
thickness), constant flow of helium carrier gas (1.3 ml/min); initial column
temperature 130

º

3. Results and discussion

Ibuprofen and its two metabolites, 1-hydroxyibuprofen and carboxyibuprofen,
were identified by MS after methylation and GC separation. Characteristic ions at

161, 220 (methylated ibuprofen), 178, 119 (methylated 1-hydoxyibuprofen)
and 145, 264 (methylated carboxyibuprofen) were used to indicate the presence
of ibuprofen and its metabolites in horse urine. The quantitative analysis in the
excretion study of ibuprofen was based on the ions at m/z 161 and 183 (for ISTD).
Representative chromatograms of drug-free horse urine sample and urine sample
collected 46 h (56 h resp.) after administration of ibuprofen are shown in Fig. 2.

Mass spectra of ibuprofen from quality control sample and ibuprofen,
1-hydroxyibuprofen, and carboxyibuprofen from horse urine sample are presen-
ted in Fig. 3.

The concentration of ibuprofen in all collected samples was recalculated with
the use of a specific gravity correction. Excretion curves ibuprofen and its meta-
bolites both horses H1 and H2 are shown in Fig. 4. The results obtained for two
horses which were given single oral dose (0.9 mg of ibuprofen for horse H1 and
1.1 mg for horse H2) were similar to each other. Ibuprofen was detected from 23 to
100 h while 1-hyroxyibuprofen and carboxyibuprofen were detected from 40 to
80 h in both horses’ urine samples. Differences between periods of time in which
ibuprofen, 1-hydroxyibuprofen and carboxyibuprofen may be detected are not
significant. Although periods of time in which metabolites may be detected are not
longer than in the case of parent compound, they may be also applied to indicate
and monitor the use of ibuprofen. The maximum concentration of ibuprofen was
found in the 47 h urine with level of 4.0 μg/ml for the horse H1 and 56 h urine with
level up to 1.2 μg/ml for the horse H2. The maximum ratio of peak areas for 1-
hyroxyibuprofen and ISTD as well as peak areas for carboxyibuprofen and ISTD
was found in the 47 h urine for the horse H1 and 56 h urine for the horse H2. It is
worth mentioning that regardless of dose (0.9 mg/kg for horse H1 and 1.1 mg/kg
for horse H2), the excretion curves were very similar. The differences in the shape
of the presented excretion curves can be related to the inter-and intra-individual
variability in excretion. It should be also mentioned that the same diet for the
horses was maintained during the excretion study.
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Fig. 2. Chromatograms obtained during analysis of samples of extract from horse urine (a) drug free
horse H1’s urine sample, (b) horse H1’s urine sample obtained 46 h after administration, (c) drug
free horse H2’s urine sample, (d) horse H2’s urine sample obtained 56 h after the administration.

(a)

t, min

(b)

t, min

t, min t, min

(c) (d)
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Fig. 3. Mass spectra of (a) ibuprofen from quality control sample ( concentration of
50 ng/ml) (b) from horse H1’s urine sample collected 46 h after the administration
(c) 1- from horse H1’s urine sample collected 46 h after the administration
(d) from horse H1’s urine sample collected 46 h after the administration

ibuprofen
, ibuprofen ,

hydroxyibuprofen ,
carboxyibuprofen .

(a)

m/z

(b)

m/z

m/z m/z

(c) (d)
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Fig. 4. Excretion curve of (a) ibuprofen in horse H1, (b)1-hydroxy in horse H1
(c) in horse H1 (d) in horse H2 (e) 1- in horse H2
(f) in horse H2.

ibuprofen ,
carboxyibuprofen , ibuprofen , hydroxyibuprofen ,

carboxyibuprofen

4. Conclusions

The GC-MS procedure method of determination of ibuprofen has been success-
fully applied to the excretion study in horses. The qualitative methods for
1-hyroxyibuprofen and carboxyibuprofen have been also used for excretion
studies purposes. It was proven that although there are differences in drug
metabolism in horses and humans, two metabolites of ibuprofen could be
detected in both, human and horse urine samples According to significant
importance of the elimination time of doping agents in equine antidoping control,
the excretion study of ibuprofen and its two metabolites has been investigated.
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Human excretion time of ibuprofen and its metabolites was investigated in other
studies and it was showed that period of time in which carboxyibuprofen may be
detected is much longer than in the case of parent compound [8]. Taking into
account results obtained for human excretion of ibuprofen and carboxyibuprofen,
it had been expected that horse excretion time of carboxyibuprofen would be
longer than excretion time of ibuprofen. However, it has been proved in this study
that excretion time of ibuprofen, 1-hydroxyibuprofen and carboxyibuprofen in
horses is similar to each other. It leads to conclusions that although periods of time
in which metabolites may be detected are not longer than in the case of parent
compound, they may be also applied to indicate and monitor the use of ibuprofen
According to the obtained results, ibuprofen is detected from 23 to 100 h in horse
urine samples after the administration. However in another study, it was reported
that ibuprofen was detected with the use of GC-FID from a few minutes to 28 h
after the administration. Differences in obtained results could be due to differen-
ces in horses' rase and diet. In this study samples were collected from urine in
naturally urination process while in the previous study, the catheter was used as
evidenced by sampling frequency [10].
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1. Introduction

Studies on the state of the environment often focus on the determination of quan-
titative and qualitative composition of collected samples (using, for example.
HPLC, GC-MS and various methods of sample preparation). Additionally, results
are complemented by physical and chemical parameters such as pH, COD. Modern
approach more often presented in the literature connects together the infor-
mation obtained by means of biological and instrumental methods, using for this
purpose bioanalytical tools e.g. bioassays.

Pharmaceuticals are an example of frequently tested compounds, both by
instrumental and biological methods yet their environmental fate still remains
largely unexplored. Drug interactions are often desirable particularly in medicine,
when treatment of a patient requires using a mixture of drugs in specific doses to
produce the adequate therapeutic effect. Unfortunately, interactions between
drugs in the environment are not as desirable, despite the fact that drugs are
present in the environment at low concentration levels [1]. Pharmaceuticals are
present in the environment in a mixture of compounds, which are not inert
towards each other, may contribute to the increase (phenomenon of synergism)
or decrease (phenomenon of antagonism) of overall toxicity [2].

In Poland an average citizen buys and consumes about 29 packs of drugs what
places Poland in fifth place in Europe right after France, Germany, Italy, and the UK.
Consumption of the most popular drugs reaches as much as several hundred tons;
for example, annual consumption of ibuprofen in Germany in 2000 amounted to
300 tons, 162 tons in England, Poland 58 tons and 25 tons in Switzerland [3].

Application of bioassays in studies

on the impact of pharmaceuticals

on the environment
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Pharmaceuticals (diclofenac sodium salt, oxyteracycline hydrochloride, flu-
oxetine hydrochloride, and chloramphenicol), were mixed with each other at
different ratios of and tested using Mictotox . Results obtained show the
highest toxicity exhibited by mixtures containing diclofenac.
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Fig. 1. shows the pathways and the main sources of pharmaceuticals in the
environment. Unfortunately pharmaceuticals are not completely eliminated in
traditional wastewater treatment technologies and in addition, medical waste and
other unused pharmaceuticals from landfills, often poorly sealed and protected,
reach ground water due to infiltration and leakages [4].

Drug residues in the environment drew the attention of the scientific
community when it became clear that present even at low concentration levels in
the environment (often few ng/L or μg/L) can cause adverse effects (e.g. endo-
crine disruption) [5].

Toxic effects caused by the drug residues can vary and depend on the affected
organism and the type of drug. Scientific evidence indicates that for example
ibuprofen inhibits the growth of gram-positive bacteria as it does not affect the
growth of colonies of gram-negative bacteria, and have an anti-fungal properties
against a certain kind of dermatophyte fungi [4, 6].One of the serious conse-
quences of drug abuse and their accumulation in the environment is drug
resistance and the emergence of pathogens resistant to antibiotics, which
seriously hampers the treatment diseases [4].

Chemicals with proven therapeutic effect undergo many phases of clinical
trials designed to detect whether a given compound will be safe for the patient.
Unfortunately the studies of environmental fate of pharmaceutical are rare.

Studying the environmental fate of pharmaceutical residues one have to take
into account that these compounds are present in the mixture and do not remain
neutral to each other. Effect of the mixture of compounds may occur greater
(synergism) or lower (antagonism) than individually compounds [7].
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Analyte Concentration Sample matrix/sample location Ref.

Diclofenac 10–55 Surface water samples (river Vantaa), [13]

Chloramphenicol <2–15 River water samples (Taff and Ely 4
South Wales, UK

Oxytetracycline 377000±142000 Waste water, China [15]
Fluoxetine 0.5–43.2 Stream water samples, USA [16]

in environment [ng/L]

Finland
[1 ]

rivers),

Table 1

Literature study on occurrence and concentration of selected pharmaceuticals in the environment.

In the present work, the influence of mixtures of four drugs against the bacte-
rium has been measured. Gram(–) bacilli occur in salt
waters, and bioluminescence is a natural result of their metabolic processes. The
decrease or increase in the bioluminescence of bacterial suspension after a period
of incubation with the test sample is the basis of the test Microtox used in this
study. After the incubation period follows reading of the level of bioluminescence
and calculating the EC parameter by the software [8].

Tested pharmaceuticals namely: diclofenac (sodium salt), oxyteracycline
hydrochloride, fluoxetine hydrochloride and chloramphenicol are widely used in
various therapeutic treatments. Oxytetracycline hydrochloride derived from the
tetracyclines, which exhibit bacteriostatic and bactericidal properties against
both – bacteria, is used as a veterinary and aquaculture agents [9].
Chloramphenicol also has bac-teriostatic properties against the G(+) and G( ), but
due to the undesirable side effects is used only in case of life-threatening
infections such as: cases of plague or tuberculosis. In small amounts in the form of
ointments or suspensions can be applied local to the skin, eye or ear [10].
Diclofenac is a drug from the group of non-steroidal anti-inflammatory drugs
mainly used to treat musculoskeletal pain and chronic pain [11]. Fluoxetine
hydrochloride is used in anti-depressant therapy and belongs to the group of
selective serotonin reuptake inhibitors [12]. In Table 1 information about
concentration levels of select group of pharmaceuticals in the environment is
summarized. The data indicates that there is a risk of adverse effects of those
compounds’ presence.

The Microtox test reagent (lyophilized/freeze dried ), osmotic
adjustment solution (OAS), reconstitution solution (RS), and diluent were
purchased from Modern Waters (USA).

Vibrio fischeri Vibrio fischeri

2.1 Reagents and chemicals

Vibrio fischeri

®

50

®

G(+) and G( )
–

2. Experimental
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Model substances selected for the study: diclofenac (sodium salt) (CAS
15307-79-6 ), chloramphenicol (CAS 56-75-7 ), oxytetracycline hydro

chloride (CAS 2058-46-0 ), fluoxetine hydrochloride (CAS 56296-78-7 )
were purchased form Sigma Aldrich.

The study was conducted using M analyzer model 500 (M500). Apparatus
is equipped with 30 incubation wells as well as reagent (bacterial suspensions)
and read wells. Temperatures are assigned to the corresponding type of perfor
med test (in this case acute toxicity test) and the internally maintained at 5.5±1 °C
for reagent well and 15± 0.5°C for both the incubator part and the read well.

In order to determine the EC values for four selected drugs the range screening
tests were performed according to standard protocol contained in the Microtox
Users Manual with small modifications. Lyophilized reagent was hydrated with
reconstitution solution and maintained at 5.5±1 °C. 100 μl of prepared in diluent
cell suspension was added into the cuvettes in every other row. Subsequently into
vials with bacteria, a pre-made standard dilution of the samples was added.

Each test was performed with fourteen dilutions of each standard. After
narrowing the search range for the EC additional tests were performed for each
standard in three replicate in four dilutions. In order to determine whether the
addition of one substance to another would change the toxic effect, concentrated
solutions of the compounds were prepared. Test mixtures were prepared in such
a way that the compounds were present in an appropriate ratio respectively 100%
of first model substance EC and 66% and 33% of EC of the second substance
tested and the second substance with a reduced effect to 33% and 66% of EC .

To produce a suitable osmotic pressure (above 2%) OAS was added to each test
vial. Sample incubation time was 30 min.

Results were plotted in the dose-response curve, which was constructed by
plotting the percent of bioluminescence change against the pharmaceuticals
concentrations. EC results obtained for each drug against are
shown in 2.

In ig 2 are presented results obtained for the mixtures of diclofenac and
fluoxetine hydrochloride, which showed the highest toxicity towards

Toxicity was elevated when compared to controls of individual com-
pounds prepared at 100%, 66% and 33% of the EC (respectively 0.037, 0.024,
0.012 [mmol/dm ] for fluoxetine hydrochloride and 0.72, 0.47, 0.24 [mmol/dm ]

N
[ ] N [ ] -

N [ ] n [ ]
-

icrotox

-

Table
F .

2.2 Instrumentation

2.3 M Acute Toxicity Assay

Vibrio fischeri

Vibrio

fischeri.

icrotox

®

50

3

®

50

50 50

50

50

50
3

3. Results and discussion
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for diclofenac). The most toxic combination is proven at the ratio of 100% EC of
diclofenac and 66% EC of fluoxetine.

Mixtures of diclofenac and fluoxetine hydrochloride were found to be more
toxic than mixtures of antimicrobial compound e.g. chloramphenicol and oxytera-
cycline, for which the effect did not exceed 60% of bioluminescence inhibition.

Among the individual tested pharmaceuticals, the ranking of toxicity was flu-
oxetine hydrochloride > oxytetracycline hydrochloride > diclofenac (sodium salt)
> chloramphenicol. Studies have shown the highest toxicity values are obtained
for mixtures of diclofenac and fluoxetine.

The results obtained together with the plan end studies will contribute to the
knowledge about the environmental impact of pharmaceuticals but still there is
a need to examine numerous mixtures of pharmaceuticals and inorganic ions in
order to extend and verify existing knowledge. Also in conjunction with informa-
tion obtained with the use of methods for the determination of pharmaceuticals in

50

50

4. Conclusions
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Fig. 2. The results obtained for the mixture of diclofenac and fluoxetine hydrochloride.

Analyte EC
[mmol/dm ]

Oxytetracycline hydrochloride 0.11
Fluoxetine hydrochloride 0.037
Diclofenac (sodium salt) 0.72
Chloramphenicol 0.92

50
3

Table 2

EC valuesfor the testedpharmaceuticals.50



the environment contribute to better illustrate processes that occur in eco-
systems.
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1. Introduction

Alcohols produced from grains are one of the most widely consumed beverages.
Their group includes vodka and whisky. For the production of vodka there are
used commonly rye distillates, or mixed e.g. from rye, barley and wheat. While in
the case of some whisky for example the American whisky there are used, in
addition to the aforementioned distillates, also distillates of corn. Vodka does not
contain any additives other than water. While whisky includes water and caramel
for the colouration of whisky [1–4]. In addition, in contrast to the vodkas, whisky is
subjected to aging process where gains additional flavor and aroma.

Formerly these alcohols were very often counterfeited, by the made in home
conditions spirit drink called moonshine. It is obtained by distilling a mash from
the alcoholic fermentation. Depending to taste of producers, it can be purified
with activated charcoal gaining the taste of commercial spirit, or enriched by the
aging. As the drink produced in home conditions it can have many impurities,
distinguishing it from the spirit or vodka. Some of the contaminants of moonshine,

The comparison of vodka, whisky and

moonshine by using the electronic nose

based on the technology of ultra-fast gas

chromatography
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Abstract

Vodka and whisky are produced from grain distillates. Formerly these alcohols
were very often counterfeited, by the made in home conditions spirit drink
called moonshine, which is obtained by distilling a mash from the alcoholic
fermentation. This study presents research aimed at checking the usefulness
of the electronic nose using ultra-fast gas chromatography for the differen-
tiation of whisky, vodka and moonshine. 12 samples of different spirits
beverages were analyze by Heracles II electronic nose. Data were analyzed by
the following chemometric methods: PCA – Principal Component Analysis,
DFA – Discriminant Function Analysis, SIMCA classification – Soft Independent
Modeling of Class Analogies, SQC – Statistical Quality Control.
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especially the lighter alcohols and ketones, are also in the noble alcohols produced
by traditional methods (cognac, whisky, grappa) and it may have a positive impact
on its taste [5–7].

So far, there are no studies which have been conducted to compare the vodka
and whisky to moonshine, which can be used for their counterfeiting. Studies
carried out on whisky and vodkas are usually conducted using a one-dimensional
gas chromatography [8–15] or two-dimensional gas chromatography [16] and
related to the study of their composition. While the quality and authenticity
studies are carried out using infrared spectroscopy [17, 18], sensory analysis [19,
20] and the electronic nose [21, 22], mainly to differentiate between different
varieties and brands.

Electronic noses due to its many advantages, are increasingly used to quickly
assess the quality and authenticity of some food products. The electronic nose is
an analytical instrument designed to rapidly detect and distinguish mixtures of
aromatic substances [23]. In the research described in this paper there is used
electronic nose based on ultra-fast gas chromatography (FAST-GC). This type of
electronic nose is a combination of features of FAST-GC with the advantages of an
e-nose based on sensors. As a result of one analysis, it is possible to obtain
information concerning the composition of the tested samples and their volatile
fraction profile, which give a complete information about the similarity of the
sample to the reference sample [24]. It will be checked if it is possible to quickly
differentiate vodka and whisky from produced in the home condition moonshine
by using e-nose based of ultra-fast gas chromatography.

The investigation was conducted on 12 samples of different spirits beverages
including: Tennessee Whiskey, moonshine produced from grains including corn,
two bourbons, five Scotch whisky, moonshine unknown botanical origin, vodka
produced by folk recipe and the same brand of vodka produced by moonshine
recipe.

All samples were prepared using the same analytical procedure. It is caused
mainly by a comparable content of ethanol in the samples. Volume of 6.25 ml of
deionized water and 1.75 ml of alcohol were added into 20 ml vial then incubated
for 20 minutes at 40 °C. Samples were injected by the use of gas syringe held at
a temperature of 100 °C.

In this study electronic nose Heracles II based on FAST-GC (Alpha MOS, Toulouse,
France) was used. Heracles II is equipped with the injector, sorption trap, that

2. Experimental

2.1 Samples, sample preparation

2.2 Electronic nose analysis
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allows introduction of gas and liquid samples, two parallel connected chromato-
graphic columns with different polarity of stationary phase (MXT-5 non-polar and
MXT-1701 semi-polar), two flame ionization detectors (FID), dedicated software
AlphaSoft V12 with implemented modules for chromatographic, chemometric
and sensory analysis, Arochembase library V4HERACLES V12, dedicated
autosampler HS100. The volume of 2.5 ml of the sample was introduced in
15 seconds to the injector at a temperature 200 °C at a volumetric flow rate of the
carrier gas equal to 30 ml/min. The sample was hold in the sorptive trap for 20 s at
40 °C. The analysis began at 40 °C for 2 s then uses the temperature increase of
3 °C/s until reaching a temperature of 270 °C which was held for 18 seconds. As
the carrier gas, hydrogen was used. For analysis of the data were used Principal
Component Analysis (PCA), Discriminant Function Analysis (DFA), Soft Indepen-
dent Modelling of Class Analogies (SIMCA) and Statistical Quality Control (SQC).

The PCA method is used to reduce the dimensionality of the dataset. It allowed for
the distinction of all study groups. Points belonging to groups 1, 2 and 3 are located
on the left side of the PCA plane (Fig. 1). The corn was the raw material for the
production of this type of alcohol samples. Points belonging to groups 4, 5, 6 and 7
are on the right side of the PCA plane. Alcohols associated to these point of groups
are not produced from corn. Points belonging to the group 5 are farthest in
relation to the other groups on the PCA plane. Points belonging to groups 6 and 7
are located closest from other ones in the PCA plane. This is connected with that
the both groups are the representation of vodka samples produced by the same
manufacturer, but by the use of different methods.

3. Results and discussion
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Fig. .1 Diagram showing the PCA analysis: group 1 – Jack Daniels, group 2 moonshine no. 1, group
3 bourbons, group 4 whisky, group 5 moonshine no. 2, group 6 vodka, group 7 moonshine
vodka.
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The DFA analysis made it possible to distinguish majority of the groups.
Distance between groups of points 1 and 3 are too small to make proper differen-
tiation whether they were distinguished on the DFA plane (Fig. 2). Near to points
of the group 1 and 3 are located 2 and 4 group of points. The points included in
groups 1, 2, 3 are the representation of alcohols produced partially from the corn
distillate. Therefore these points are in close range to each other on the DFA plane.
The group 4 includes whisky, which are produced by similar procedure as the
other 3 groups neighbor located. Points belonging to the group 5 are located
furthest from the other points on the DFA plane. This fact indicates the large
differences in the composition of samples belonging to this group of samples from
the other ones, it can be caused by different origin of raw materials and by various
production method.

The SIMCA analysis made it possible to distinguish between all studied groups
of alcohols (Fig. 3). In this case, the reference group was a group of points labeled
with number 4. All the points belonging to the reference group are located in
a designated area, i.e. “the envelope of confidence”. Points belonging to the other
groups are far away from the reference group on the SIMCA plane. In the SIMCA
graphs made for other groups of points as reference groups, all points belonging to
the reference groups were in “the envelope of confidence”. In all of the SIMCA
graphs, the points belonging to the other groups than reference groups were
outside of the designated area.

The SQC analysis allowed for discrimination of all studied groups of alcohols.
This type of data analysis is used to check the quality of the samples. On Fig. 4 and 5
SQC graphs are shown for which the reference groups are respectively 4 and 6
group of points. Analysis of SQC made for the other group of points, also allowed to
differentiate the reference groups.
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Fig. 2. Diagram showing the DFA analysis: group 1 – Jack Daniels, group 2 moonshine no. 1, group
3 bourbons, group 4 whisky, group 5 moonshine no. 2, group 6 vodka, group 7 moonshine
vodka.
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4. Conclusion

The PCA, SIMCA and SQC analysis allowed to the distinction between all studied
groups of alcohols. The DFA analysis did not allow to distinguish from each other
of Jack Daniels and bourbons. This is probably related to the similarity of the
composition of the samples. Points belonging to moonshine no. 2 were farthest
from other points on the PCA and DFA graphs. Points belonging to the moonshine
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Fig. 3. Diagram showing the SIMCA analysis: group 1 – Jack Daniels, group 2 – moonshine no. 1,
group 3 – bourbons, group 4 – whisky, group 5 – moonshine no. 2, group 6 – vodka, group
7 – moonshine vodka.

Fig. 4. Diagram showing the SQC analysis: group 1 – Jack Daniels, group 2 – moonshine no. 1, group
3 – bourbons, group 4 – whisky, group 5 – moonshine no. 2, group 6 – vodka, group 7 – moonshine
vodka.



no. 1 were close to points belonging to alcohols produced from corn distillates on
the PCA and DFA planes. Despite the similarity to whisky and vodkas, both
moonshine were distinguished from samples of vodka, whisky and bourbons. It
can be concluded that the e-nose based on FAST-GC equipped with chemometric
methods such as PCA, DFA, SIMCA and SQC is an effective tool for rapid
distinguishing alcohol products due to their botanical origin among the various
groups of spirits which are whisky, bourbons, moonshine and vodka.
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1. ntroductionI

Recently, it has been a significant rise in the popularity of legal highs , especially
among young people. A novel group of these drugs classified to cathinones, con
tain -pyrrolidinophenones fragment, were emerged on black market in last
decade (Fig. 1). Most synthetic cathinones originate in China and, to a lesser
extent, in India and in Europe [1, 2].

MDPBP ( )-1-(3,4-methylenedioxyphenyl)-2-(1-pyrrolidinyl)-1-(butan
one) is one of the new drugs available for sale since 2009 (e.g. via internet).
Usually it is mixed with flephedrone, pentedrone, pentylone, MAPP and MDPV. Its
presence was confirmed in legal highs, such as: White Fiz, Vanilla Sky, and in Bath
Salts. Doses which affect central nervous system and are usually ingestion range
from 50 to 100 mg. MDPBP is the most commonly administered via oral ingestion,
nasal insufflations, smoking or intravenous injections. The pharmacokinetics and
psychoactive effects have not been fully-known yet, but it is believed that they are
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Abstract

Synthetic drugs, known as “legal highs“, are still very popular on black market.
The determination of their composition are required in courts of law and also
to understand what potential users may be subjected to. The interest of new
cathinones, e.g. MDPBP, is in view of psychoactive effects that they cause and
that, in many cases, they are not controlled by law. The case outlined here
concerns 19 years-old man, who was found dead with an envelope containing
white powder laying nearby the cadaver. The analyses of the powder, revealed
the presence of MDPBP. Blood was investigated for routine toxicological
analysis for traditional drugs and for MDPBP by liquid-liquid extraction
procedure with derivatization followed by GC/MS analysis. The results
showed very high concentration of MDPBP, what probably was the reason
of death. To our knowledge, this was the second fatal accident confirmation of
MDPBP abuse in the Poland.
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blood
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similar to amphetamine, cocaine and to other substances containing -pyrro
lidinophenones fragment. Its use has been reported to cause states of euphoria,
agitation, hallucinations, and aggressive behavior. Overdoses cause confusion,
acute poisoning, increase heart rate, high blood pressure and finally could lead to
arrhythmia, myocardial ischemia, and death [3, 4].

The case described herein concerns a 19 years-old man who was found naked
dead on the field. Small bag with white powder was also found nearby. It was
believed, that it was ingested by man before death. However, his friends testified
that deceased was on the party a day before accident, but he unexpectedly fled.
They also reported, that man drank only approximately 100 mL of vodka and that
drugs were not used during the party. Moreover, the deceased was not agitated or
aggressive. Additional testimony of his father indicates that subject did n t have
a habit of taking drugs or alcohol.

The preliminary toxicological analysis of the powder by various of mass
spectrometry methods revealed the presence of MDPBP as the only active
compound in the powder. Due to this, the aim of this study was to determinate
MDPBP in blood obtained during autopsy. However, abusers often ingest more
than one drug. Due to this, blood sample was also investigated for psychoactive
classical drugs, amphetamine, methamphetamine and their derivatives, canna
binoids, cocaine and its metabolites by ELISA immunoenzymatic test (Neogen).
For confirmation presence of cannabinoids and quantitative determination

α -

o

-
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Fig. .1 Structures of some α-pyrrolidinophenones [1].
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of -tetrahydrocannabinol ( -THC) and its main metabolite 11-nor- -tetra
hydrocanabinol-9-carboxylic acid (THC-COOH) gas chromatography coupled
with MS detector was also performed.

Methanolic solutions of 3,4-methylenedioxy- -pyrrolidinobutiophenone hydro-
chloride (MDPBP.HCl) at concentration 1.0 mg mL and methamphetamine-D5
(mAMP-D5) at concentration 0.1 mg mL were used as standards and were
obtained from LGC Standards (London, United Kingdom).

All solvents used were of HPLC grade purity and were obtained from Sigma
Aldrich. Anhydride trifluoroacetic anhydride (TFAA) and 1-chlorobutane were
≥99 % purity (analytical grade) and were also purchased from Sigma Aldrich.
Hydrochloric acid at concentration 35–38 %, potassium carbonate and sodium
chloride were of analytical grade and were obtained from POCH (Gliwice, Poland).
To obtain 5 mol dm K CO , 691 g of this salt in powder was placed in 1 L volu
metric flask and filled up to mark with water. Saturated NaCl solution was
prepared by dissolving 35.9 g of NaCl in powder with 100 mL of water.

Original MDPBP.HCl and mMAP-D5 standard solutions were used as a stock
solution and the internal standard (IS) respectively.

The calibration solutions were prepared by dissolving stock solution with
methanol (working solution). Subsequently, appropriate amount of the working
solution was mixed with drugs-free blood and whole extraction procedure was
performed. The amount of IS added to each calibration solution was 1 μg. Cali-
bration curve was generated in the range from 50 to 500 ng mL by plotting the
ratio of the peak areas of MDPBP HCl/IS-mAMP-D5 against the concentration of
MDPBP HCl.

The blood samples were obtained during autopsy and were stored at +4 °C before
the analysis. 1 mL of blood was used for analysis.

Sample preparation was performed using modified method according to
in-house prepared method for the determination of amphetamines and piper-
aznes in blood and urine by liquid-liquid extraction procedure with derivatization
followed by GC/MS analysis. Blood (1 mL), solution of IS (10 L), K CO at
concentration 5 mol dm (2 mL) and saturated NaCl (2 mL) and acetonitrile
(2 mL) were added to the screw-capped glass centrifuge tube. The tube was
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vortex-mixed for 1 min. Subsequently, 1-chlorobutane (2 mL) were added and
sample was vortex-mixed for 2 min. The solution was centrifuged for 3 min at
3000 rpm. The top layer was then transferred to new glass tube. An additional
2 mL of 1-chlorobutane were added to the blood after first extraction, the tube was
vortexed for 2 min and then centrifuged for 3 min at speed 3000 rpm. The top layer
was added to tube containing the first extracts. The bottom layer was discarded.
Then 100 μL of hydrochloride acid solution in methanol (1:9, v/v) was added.
Then, extracts were evaporated to dryness with an inert gas stream (N ) at 40 °C
and reconstituted in 50 L ethyl acetate. Derivatization was performed with 50 L
TFAA (20 min, 55 °C). Finally, solution was evaporated to dryness and residue was
dissolved in 50 L of ethyl acetate. An aliquot of 2 μL volume was injected into the
GC-MS system.

The chromatographic separation was carried out using an GC-7890A gas
chromatograph (Agilent Technologies) equipped with autosampler G4567A
(Agilent Technologies), split/splitless injector and mass spectrometry detector
MS-5975C (Agilent Technologies). The analytes were separated on capillary
column ZB-5 MS 30 m × 0.25 mm i.d., 0.25 μm film thickness (Phenomenex) with
helium as carrier gas (1.0 mL min ). Split injection mode was used (10:1). The
oven temperature was programmed as follows: 1 min at 50 °C, then 30 C/min up
to 160 C and finally, C/min up to C hold for 1 minute Inlet temperature
was 300 °C, detector mass spectrometry source ions temperature was 280 °C

C. For full-scan acquisition the
MS was operated in positive electron-impact mode (electron energy 70 eV) and
the mass detection range was 30–380. For selected ion monitoring (SIM), 112
and 46 ions (quantitative confirmation) and 113, 70 and 114, 159 ions (qualitative
confirmation), respectively for MDPBP and IS, were chosen on the basis of their
abundance and values.

The chemical and toxicological study of blood samples showed the presence of
psychoactive MDPBP and cannabinoids in the psychoactive form (9-THC) and its
inactive main metabolite of THC-COOH in the concentrations showed in Table 1.

High level of MDPBP determined in blood confirmed ingestion of this drug
before death. Probably, it was the main reason of the death. The presence of small
amount of metabolite of cannabinoids proves early hashish or marijuana use with
no significant effect of these toxic substances and may indicates the tendency for
drug use by this man. Fatal cases caused by overdose of cannabinoids are very rare
and often are associated with taking other psychoactive substances at the same
time.
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To our knowledge, this was the second fatal accident confirmation of MDPBP
abuse in the Poland. The first one concerned 19 years-old man who died after
overdose of drugs [4]. Toxicological examination showed that a concentration of
MDPBP in his blood was 7.010 ng mL , what is comparable to results obtained in
our case (9 322 ng mL ) [4]. These authors also reported a case of four drivers
controlled by the Police, because of suspicious of driving under the influence of
drugs. Blood analysis of these drivers showed the concentration of MPDBP in the
range from 22 to 92 ng mL . Above-mentioned fatal concentrations of MDPBP
were about 70 90-times higher than values determined in blood of drivers
suspected of driving under the influence of drugs. Another confirmation case of
MDPBP abuse was reported in Czech Republic in 2013 [6]. In blood of 36 years-old
man, who was treated for his long-term ethanol addiction and a habit of experi
menting with new drugs available in the local black market shops, was
determined MDPBP and one other substance, which was recognized as a meta
bolite of this drug. Patient admitted to use an illegal powdered drug that was
distributed under the name “Funky”, to overcome the symptoms of ethanol
withdrawal.

Calibration curve was linear in the studied concentration range
(50–500 ng mL ) with correlation coefficients of 0.9854. The weighing factor of
1/ was applied to calibration curve in order to increase the accuracy in the lower
concentration range. The limit of detection ( ) was 34.8 ng mL based on
following formula

= 3.3×( / ) (1)

where is the standard deviation of the intercept and is the slope of the
calibration curve. The limit of quantification ( ) was 104 ng mL , calculated as
three times value [5].

Blood is one of the most commonly used matrixes in forensic toxicology analysis
for drug or other toxic substances screening. To confirm the presence of
xenobiotics or their metabolites, urine may be also analysed. However, due to the
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Analyte Concentration [ng mL

MDPBP 9 322
-THC Below (<1)

THC-COOH 6

–1

9

]

.
Δ LOQ

Table 1

Concentration of drugs in blood obtained during toxicological analysis.



rapidly growing numbers of new psychoactive substances available on black
market and the large variability of drugs in structure and in concentration, the
forensic investigation of intoxications or fatalities is relatively difficult. Therefore,
new methods for the analysis of novel drugs are required.

Proposed method for the determination of MDPBP in blood, seems to be
sufficiently sensitive for identification fatal cases with relatively high concen-
tration of MDPBP in blood, when high dose of drug was taken (high value of
and ). Therefore, more sensitive and selective gas or liquid chromatography
method coupled with tandem mass spectrometry is recommended in non-fatal
cases of MDPBP poisoning.

LOD

LOQ
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1. Introduction

Controlled modification of the electrode surface can produce electrode systems
with new interesting properties, such as mediation or catalysis of new charge
transfer reactions, protection of the surface against passivation or even change of
the electrochemical reaction mechanism. This all can lead to improvement of
electrochemical response to certain analytes. Utilizing electrodes with immo-
bilized suitable chemical mediators can solve certain problems with bare solid
electrodes such as insufficient sensitivity and selectivity, slow electron transfer,
high overpotential necessity, current or potential oscillations.

Over the past two decades polymer modified electrodes have been extensively
studied due to their application in electrochromic devices, electrocatalysis and
electroanalysis [1, 2]. Electrochemical polymerization is one of the most common
and useful techniques to obtain polymer thin film onto electrode surface.
Compared to the chemical preparation of polymeric films it has some advantages,

Development of the poly(methylene blue)

modified graphite electrodes for the

electrochemical detection of hydrogen
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A comparative study have been undertaken of the electropolymerization and
electrochemical properties of deposited electroactive polymer on two
different graphite electrode substrates: basal plane highly oriented pyrolytic
graphite (HOPG) and pencil-graphite electrode (PGE). Poly(methylene blue)
modified electrodes (HOPG/pMB and PGE/pMB) have been prepared by
potential cycling in aqueous electrolyte solution containing methylene blue
monomer. It has been found that electrochemical properties and electro-
catalytic activity of deposited film are greatly influenced by the type of
electrode substrate. Developed electrodes have been further investigated
as potential sensors for hydrogen sulphide.
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such as high reproducibility, thickness control and simple preparation
methodology. In the past few years, surface-modified electrodes based on the
electropolymerization of various phenoxazine and phenothiazine derivatives
have been reported in the literature [3, 4].

Methylene blue (MB), a phenothiazine derivative, is a water-soluble cationic
dye. Potential cycling in aqueous solution containing MB monomer leads to the
formation of stable conductive polymer film on the solid electrode surface. It has
been already published that basic solutions are optimal media for the polyme-
rization of MB [5]. The electrocatalytic activity of poly(methylene blue) (pMB) in
presence of some biologically active compounds has been already reported in
several studies [5–9]. Thanks to the strong adhesion of the polymer to the solid
substrate surfaces pMB films exhibit long-term mechanical stability.

The aim of our work is designing new electrode system which combines
auspicious electrochemical properties of pMB and advantages of HOPG and PGE.
Our findings will be utilized for development of new potentiometric sensor.

Methylene blue was purchased from Lachema and used as received. The suppor-
ting electrolyte solution used for the electropolymerization of MB consisted of
0.1 M phosphate buffer and 0.1 M sodium nitrate (pH = 8.0). The concentration of
monomeric MB dissolved in the solution was 0.1 mM. Solution of 0.1 M phosphate
buffer with 0.1 M KCl was used for pMB electrochemical characterization and for
other experiments. Solutions of sodium sulphide were prepared immediately
before experiments. Millipore Milli-Q pure water (resistivity ≥ 18 MΩ cm) and
analytical grade reagents were used for preparation of all solutions. Stock
solutions were kept in glass vessels in dark at ~6 °C. All experiments were
performed at room temperature.

All electrochemical experiments were carried out on computer-controlled
potentiostat-galvanostat Wenking POS2 (Bank Electronik) with software CPC-DA
(Bank Elektronik) in a three-electrode electrochemical cell of volume 2 ml with
bare or modified HOPG or PGE as working electrodes, saturated calomel reference
electrode (SCE), and platinum wire counter electrode. The pH measurements
were carried out with a pH-meter (Jenway 3510) at room temperature. Nano-
morphology of pMB layer was examined by the atomic force microscope
(NanoScope IIIa Multimode, Bruker) in the semicontact mode to minimize
tip/surface interactions. The Si cantilevers (OTESPA) were oscillated at ~300 kHz.

2. Experimental

2.1 Reagents and chemicals

2.2 Instrumentation
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2.3 Preparation of pMB-modified HOPG and PGE

Graphite substrate was prepared by peeling off basal plane of highly oriented
pyrolytic graphite (HOPG, ZYB Grade, 12×12 2 mm; Momentive Performance
Materials Quartz). Geometric area accessible for modification was defined by
viton flat sealing (20 mm ). The pencil-graphite rod (KOH-I-NOOR, HB of 0.5 mm
in diameter and 6 cm in length) was inserted into a glass capillary and sealed using
two-component epoxy adhesive. Electrical contact was obtained by mercury with
platinum wire. The electrochemical polymerization of methylene blue was
carried out under argon atmosphere in an one-compartment electrochemical cell
containing methylene blue monomer solutions in 0.1 M phosphate buffer (pH

8.0) with 0.1 M NaNO saturated by argon. The preparation of pMB films was
carried out by voltammetric cycles between -0.6 V and +1.1 V at the sweep rate
100 mVs . The polymer growth was controlled by the deposition time or the
number of deposition cycles. After electropolymerization both the electrode and
the cell were thoroughly rinsed with phosphate buffer containing 0.1 M KCl to
remove any remaining monomeric MB.

Fig. 1 shows typical cyclic voltammograms obtained during the film growth. The
voltammetric curves are similar to that obtained on glassy carbon electrode [5].
Beyond cca 0.8 V the rapidly rising current (wave III) originates from the oxidation
of the MB to a cation-radical MB formed by the polymerization of monomer. The
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3. Results and discussion

Fig. .1 The pMB film growth during electropolymerization from a solution containing 0.1 mM MB
monomer in 0.1 M phosphate buffer and 0.1 M NaNO (pH = 8.0) on the surface of HOPG (A) and PGE
(B). 30 minutes cycling between 0.6 and +1.1 V SCE at scan rate 100 mV s .
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growth of the polymer film is accompanied by a decrease of the monomer
oxidation peak at –0.26 V (I, I') and by an increase of redox waves corresponding to
the polymeric MB (II, II'). We observed that the oxidation peak I is decreases
in subsequent cycles. It was suggested that initial increase of peak current is in
consequence of MB adsorption on the graphite surface. Adsorbed MB monomer
shows an oxidation peak at the same potential as that of the monomer from
solution.

Cyclic voltammetry was performed to investigate catalytic activity of
HOPG/pMB towards sodium sulphide as a model HS /S analyte. For this
measurement sodium sulfide was dissolved in 0.1 M phosphate buffer with 0.1 M
KCl (pH 8.0). With the first dissociation constant of hydrogen sulfide in aqueous
solutions p ~7.02 all hydrogen sulphide is practically in the form of HS . The
cyclic voltammetry behaviour in the absence and presence of 0.01M Na S in 0.1M
phosphate buffer and 0.1M KCl (pH 8) at the bare HOPG and the HOPG/pMB is
shown in Fig. 2 A. New oxidation peak at potential about 0.340 V was observed. No
oxidation peaks corresponding to the sulfhydryl anion oxidation were observed
for the bare HOPG. In the case of PGE, after modification by pMB the oxidation
peak significantly increased. Since PGE surface area is a hundred times lower than
HOPG surface, the current responses were converted on the current density. This
recalculation showed that the electrocatalytic activity of PGE/pMB to sulfhydryl
group greatly exceeds electrocatalytic activity of HOPG/pMB (Fig.3).

Atomic force microscopy (AFM) images of the HOPG/pMB provided detailed
information about changes in the surface nanomorphology and homogeneity of
the deposited film. After modification, spherical nanostructures were found on
HOPG basal planes forming relatively homogeneous layer. No significant changes
in the nanomorphology of pMB film were found after voltammetric measurement
in presence of sulfides.
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Fig. 2. The cyclic voltammetry curves of HOPG/pMB (A) and PGE/pMB (B) in 0.1M phosphate buffer
with 0.1M KCl (pH = 8.0) containing 0.01M Na S. Curves a) on bare electrodes and curves b) on pMB
modified electrodes.
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4. Conclusions

We have investigated electrochemical behavior during electropolymerization and
electrochemical properties of resulting HOPG/pMB and PGE/pMB electrodes.
Based on cyclic voltammetry measurements, we can conclude that both modified
electrodes exhibit electrocatalytic activity towards sulfhydryl group Deposited
pMB film on PGE substrate greatly exceeds electrocatalytic activity of the film on
basal plane HOPG. Investigated pMB-modified pencil graphite electrode can be
utilized for the construction of new potentiometric sensor

.
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